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0HJK� 5�� *R\DO�� 3K'�� 3(�� LV� D� 5HWLUHG� 3URIHVVRU� LQ�
$JULFXOWXUDO� DQG� %LRPHGLFDO� (QJLQHHULQJ� IURP� WKH�
*HQHUDO� (QJLQHHULQJ� 'HSDUWPHQW� LQ� WKH� &ROOHJH� RI�

(QJLQHHULQJ�DW�WKH�8QLYHUVLW\�RI�3XHUWR�5LFR±0D\DJXH]�&DPSXV��DQG�6HQLRU�
$FTXLVLWLRQV�(GLWRU�DQG�6HQLRU�7HFKQLFDO�(GLWRU�LQ�&KLHI�LQ�$JULFXOWXUH�DQG�
%LRPHGLFDO� (QJLQHHULQJ� IRU�$SSOH�$FDGHPLF� 3UHVV�� ,QF�� +H� KDV� ZRUNHG�
DV� D� 6RLO�&RQVHUYDWLRQ� ,QVSHFWRU� DQG� DV� D�5HVHDUFK�$VVLVWDQW� DW�+DU\DQD�
$JULFXOWXUDO�8QLYHUVLW\�DQG�2KLR�6WDWH�8QLYHUVLW\�

'XULQJ�KLV�SURIHVVLRQDO�FDUHHU�RI����\HDUV��'U��*R\DO�KDV�UHFHLYHG�PDQ\�
SUHVWLJLRXV� DZDUGV� DQG� KRQRUV�� +H� ZDV� WKH� ¿UVW� DJULFXOWXUDO� HQJLQHHU� WR�
UHFHLYH� WKH�SURIHVVLRQDO� OLFHQVH� LQ�$JULFXOWXUDO�(QJLQHHULQJ� LQ� ����� IURP�
WKH�&ROOHJH� RI�(QJLQHHUV� DQG�6XUYH\RUV� RI�3XHUWR�5LFR�� ,Q� ������ KH�ZDV�
SURFODLPHG� DV� ³)DWKHU� RI� ,UULJDWLRQ� (QJLQHHULQJ� LQ� 3XHUWR� 5LFR� IRU� WKH�
7ZHQWLHWK�&HQWXU\´�E\�WKH�$PHULFDQ�6RFLHW\�RI�$JULFXOWXUDO�DQG�%LRORJLFDO�
(QJLQHHUV� �$6$%(��� 3XHUWR� 5LFR� 6HFWLRQ�� IRU� KLV� SLRQHHULQJ� ZRUN� RQ�
PLFUR� LUULJDWLRQ�� HYDSRWUDQVSLUDWLRQ�� DJURFOLPDWRORJ\�� DQG� VRLO� DQG� ZDWHU�
HQJLQHHULQJ�� 7KH� :DWHU� 7HFKQRORJ\� &HQWUH� RI� 7DPLO� 1DGX� $JULFXOWXUDO�
8QLYHUVLW\�LQ�&RLPEDWRUH��,QGLD��UHFRJQL]HG�'U��*R\DO�DV�RQH�RI�WKH�H[SHUWV�
³ZKR�UHQGHUHG�PHULWRULRXV�VHUYLFH�IRU�WKH�GHYHORSPHQW�RI�PLFUR�LUULJDWLRQ�
VHFWRU� LQ� ,QGLD´� E\� EHVWRZLQJ� WKH�$ZDUG� RI� 2XWVWDQGLQJ� &RQWULEXWLRQ� LQ�
0LFUR�,UULJDWLRQ��7KLV�DZDUG�ZDV�SUHVHQWHG�WR�'U��*R\DO�GXULQJ�WKH�LQDXJXUDO�
VHVVLRQ� RI� WKH� 1DWLRQDO� &RQJUHVV� RQ� ³1HZ� &KDOOHQJHV� DQG�$GYDQFHV� LQ�
6XVWDLQDEOH�0LFUR� ,UULJDWLRQ´�KHOG� DW�7DPLO�1DGX�$JULFXOWXUDO�8QLYHUVLW\��
'U��*R\DO�UHFHLYHG�WKH�1HWD¿P�$ZDUG�IRU�$GYDQFHPHQWV�LQ�0LFURLUULJDWLRQ��
�����IURP�WKH�$PHULFDQ�6RFLHW\�RI�$JULFXOWXUDO�(QJLQHHUV�DW� WKH�$6$%(�
International Meeting in August 2018.

A
pp

le
 A

ca
de

m
ic

 P
re

ss

A
ut

ho
r C

op
y

Non Commercial Use



viii About the Senior Editor-in-Chief

$�SUROL¿F�DXWKRU�DQG�HGLWRU��KH�KDV�ZULWWHQ�PRUH�WKDQ�����MRXUQDO�DUWLFOHV�
DQG�WH[WERRNV�DQG�KDV�HGLWHG�RYHU����ERRNV��+H�LV�WKH�HGLWRU�RI�WKUHH�ERRN�
VHULHV�SXEOLVKHG�E\�$SSOH�$FDGHPLF�3UHVV�� ,QQRYDWLRQV� LQ�$JULFXOWXUDO�	�
%LRORJLFDO�(QJLQHHULQJ��,QQRYDWLRQV�DQG�&KDOOHQJHV�LQ�0LFUR�,UULJDWLRQ��DQG�
5HVHDUFK�$GYDQFHV�LQ�6XVWDLQDEOH�0LFUR�,UULJDWLRQ��+H�LV�DOVR�LQVWUXPHQWDO�
LQ�WKH�GHYHORSPHQW�RI�WKH�QHZ�ERRN�VHULHV�,QQRYDWLRQV�LQ�3ODQW�6FLHQFH�IRU�
%HWWHU�+HDOWK��)URP�6RLO�WR�)RUN�

'U��*R\DO�UHFHLYHG�KLV�%6F�GHJUHH�LQ�HQJLQHHULQJ�IURP�3XQMDE�$JULFXO-
WXUDO�8QLYHUVLW\��/XGKLDQD��,QGLD��KLV�06F�DQG�3K'�GHJUHHV�IURP�2KLR�6WDWH�
8QLYHUVLW\��&ROXPEXV��DQG�KLV�0DVWHU�RI�'LYLQLW\�GHJUHH�IURP�3XHUWR�5LFR�
(YDQJHOLFDO�6HPLQDU\��+DWR�5H\��3XHUWR�5LFR��86$�
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$ULMLW�1DWK��3K'��LV�D�9LVLWLQJ�5HVHDUFK�DQG�7HDFKLQJ�
$VVLVWDQW� LQ� WKH� 'HSDUWPHQW� RI� )RRG� (QJLQHHULQJ��

)DFXOW\�RI�)RRG�6FLHQFH��6]HQW� ,VWYiQ�8QLYHUVLW\��%XGDSHVW��+XQJDU\��'U��
1DWK�KDV�KHOG�D�YDULHW\�RI�SRVLWLRQV��LQFOXGLQJ�SRVWGRFWRUDO�UHVHDUFK�IHOORZ�
LQ�WKH�'HSDUWPHQW�RI�)RRG�(QJLQHHULQJ�DW�&RUYLQXV�8QLYHUVLW\�RI�%XGDSHVW��
+XQJDU\��D�SRVWGRFWRUDO�UHVHDUFK�IHOORZ�LQ�WKH�'HSDUWPHQW�RI�%LRFKHPLFDO�
DQG� &KHPLFDO� (QJLQHHULQJ� DW� WKH� 7HFKQLFDO� 8QLYHUVLW\� RI� 'RUWPXQG��
*HUPDQ\��D�UHVHDUFK�IHOORZ�LQ�WKH�'HSDUWPHQW�RI�5HIULJHUDWLRQ�DQG�/LYHVWRFN�
3URGXFWV� 7HFKQRORJ\� DW� 6]HQW� ,VWYiQ� 8QLYHUVLW\�� +XQJDU\�� DQG� FKHPLFDO�
HQJLQHHU� LQ� 6RyV� (UQĘ� :DWHU� 7HFKQRORJ\� 5HVHDUFK� DQG� 'HYHORSPHQW�
&HQWUH�DW�8QLYHUVLW\�RI�3DQQRQLD��+XQJDU\��+H�KDV�SDUWLFLSDWHG�LQ�VHYHUDO�
SURIHVVLRQDO� WUDLQLQJ�DQG�ZRUNVKRSV� LQ� WKH� ILHOG�RI�ELRWHFKQRORJ\��+H�KDV�
SXEOLVKHG����UHVHDUFK�DQG�UHYLHZ�DUWLFOHV�LQ�LQWHUQDWLRQDO�MRXUQDOV�DQG���ERRN�
chapters. Dr. Nath has also presented the research outcomes in more than 50 
LQWHUQDWLRQDO�FRQIHUHQFHV�DQG�KDV�UHFHLYHG�VHYHUDO�EHVW�SUHVHQWHU�DZDUGV�DW�
LQWHUQDWLRQDO�FRQIHUHQFHV��+H�KDV�DOVR�GHOLYHUHG�OHFWXUHV�LQ�VHYHUDO�VFLHQWLILF�
FRPPXQLWLHV�� 'XH� WR� KLV� VWURQJ� SURILFLHQF\� LQ� WKH� ILHOG� RI� ELRFKHPLFDO�
DQG�IRRG�HQJLQHHULQJ��KH�LV�VHUYLQJ�DV�D�UHYLHZHU�LQ�YDULRXV�VFLHQWLILF�6&,�
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ABBREVIATIONS

$$3+� ���¶�D]RELV����PHWK\OSURSLRQDPLGLQH�
$%&�WUDQVSRUWHUV� $73�ELQGLQJ�FDVVHWWH�WUDQVSRUWHUV
$%76� ���¶�D]LQR�ELV����HWK\OEHQ]RWKLD]ROLQH���VXOSKRQLF�DFLG�
$&(� DQJLRWHQVLQ�FRQYHUWLQJ�HQ]\PH
$)(� DFFHOHUDWHG�IOXLG�H[WUDFWLRQ
$*(V� DGYDQFHG�JO\FDWLRQ�HQG�SURGXFWV
$/$'� į�DPLQROHYXOLQLF�DFLG�GHK\GUDWDVH
ALP alkaline phosphatase
$/7� DODQLQH�DPLQR�WUDQVIHUDVH
AMP adenosine mono phosphate
$03.� DGHQRVLQH�PRQRSKRVSKDWH�DFWLYDWHG�SURWHLQ�NLQDVH
AOAC $VVRFLDWLRQ�RI�2IILFLDO�$JULFXOWXUDO�&KHPLVWV
AOC antioxidant capacity
$3&,� DWPRVSKHULF�SUHVVXUH�FKHPLFDO�LRQL]DWLRQ
apoA-I anti-apolipoprotein A-I
Ar argon
As arsenic
As2O3 arsenic trioxide
$6(� DFFHOHUDWHG�VROYHQW�H[WUDFWLRQ
$67� DVSDUWDWH�DPLQRWUDQVIHUDVH
$73� DGHQRVLQH�WULSKRVSKDWH
BAL British anti-lewisite
BBB blood-brain barrier
BCRP breast cancer resistance protein
%)&V� EDJDVVH�ILEHU�FRQFHQWUDWHV
%+7� EXW\ODWHG�K\GUR[\WROXHQH
BMI body mass index
BP blood pressure
BPE background parenchymal enhancement
BRH Biligiri Rangana hills
&%*� F\WRVROLF�ȕ�JOXFRVLGDVH
&'�� FOXVWHU�RI�GLIIHUHQWLDWLRQ��
CE capillary electrophoresis
CE collision energy
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xx Abbreviations

CEC capillary electrochromatography
&(73� FKROHVWHU\O�HVWHU�WUDQVIHU�SURWHLQ
CID collision-induced dissociation
CL chemi-luminescence
COX cyclooxygenase
&53� F�UHDFWLYH�SURWHLQ
CSPs cumin-seed peptides
Cu copper
CUPRAC cupric ion reducing antioxidant capacity
&9'V� FDUGLRYDVFXODU�GLVHDVHV
&=(� FDSLOODU\�]RQH�HOHFWURSKRUHVLV
DAD diode-array detectors
'//0(� GLVSHUVLYH�OLTXLG�OLTXLG�PLFURH[WUDFWLRQ
DM diabetes mellitus
'036� ����GLPHUFDSWRSURSDQH���VXOIRQDWH
DMSA 2,3-dimercaptosuccinic acid
DNA deoxiribose nucleic acid
DOPA L-3,4-dihydroxyphenylalanine
'33+� ����GLSKHQ\O���SLFU\OK\GUD]\O
($� HQ]\PH�DVVLVWHG
($$(� HQ]\PH�DVVLVWHG�DTXHRXV�H[WUDFWLRQ
($&3� HQ]\PH�DVVLVWHG�FROG�SUHVVLQJ
($(� HQ]\PH�DVVLVWHG�H[WUDFWLRQ
EIC extracted ion chromatogram
eNOS endothelial NOS
(5�� HVWURJHQ�UHFHSWRU�SRVLWLYH
ES electron spray
(6(� HQKDQFHG�VROYHQW�H[WUDFWLRQ
(6,� HOHFWUR�VSUD\�LRQL]DWLRQ
(7��� HQGRWKHOLQ��
EU European Union
)$%� IDVW�DWRP�ERPEDUGPHQW
)$2� )RRG�DQG�$JULFXOWXUH�2UJDQL]DWLRQ
)%*� IDVWLQJ�EORRG�JOXFRVH
)%6� IDVWLQJ�EORRG�VXJDU
)&V� ILEHU�FRQFHQWUDWHV
FDA Food and Drug Administration
Fe iron
Fe��� IHUURXV
Fe��� IHUULF�LRQ

A
pp

le
 A

ca
de

m
ic

 P
re

ss

A
ut

ho
r C

op
y

Non Commercial Use



Abbreviations xxi

))$� IUHH�IDWW\�DFLG
)26+8� IRRGV�IRU�VSHFLILHG�KHDOWK�XVHG
)2;2� IRUN�KHDG�ER[�2
)3*� IDVWLQJ�SODVPD�JOXFRVH
)5$3� IHUULF�UHGXFLQJ�DQWLR[LGDQW�SRZHU
)7,5� )RXULHU�WUDQVIRUP�LQIUDUHG
*�&6)� JUDQXORF\WH�FRORQ\�VWLPXODWLQJ�IDFWRU
**7� JDQJOLRVLGHV��Ȗ�JOXWDP\O�WUDQVSHSWLGDVH
GI glycemic index
*/87� JOXFRVH�WUDQVSRUWHUV
*/87���P51$� JOXFRVH�WUDQVSRUWHU���PHVVHQJHU�ULERQXFOHLF�DFLG
*/87�� JOXFRVH�WUDQVSRUWHU�W\SH��
GPx glucose peroxidase
GSH reduced glutathione
*66*� R[LGL]HG�JOXWDWKLRQH
+$$57� KLJKO\�DFWLYH�DQWL�UHWURYLUDO�WKHUDS\
+$7� KLVWRQH�DFHW\O�WUDQVIHUDVHV
+$7� K\GURJHQ�DWRP�WUDQVIHU
HbA1c hemoglobin A1c
HDL high density lipoprotein
HHP high hydrostatic pressure
+,)��� K\SR[LD�LQGXFLEOH�IDFWRU��
+,9� KXPDQ�LPPXQRGHILFLHQF\�YLUXV
HO1 heme oxygenase 1
HOCl hypochlorous acid
HPA high pressure-assisted
+3+� KLJK�SUHVVXUH�KRPRJHQL]DWLRQ
+3/&� KLJK�SHUIRUPDQFH�OLTXLG�FKURPDWRJUDSK\
+36(� KLJK�SUHVVXUH�VROYHQW�H[WUDFWLRQ
+37/&� KLJK�SHUIRUPDQFH�WKLQ�OD\HU�FKURPDWRJUDSK\
+69� KHUSHV�VLPSOH[�YLUXV
+9('$� KLJK�YROWDJH�HOHFWULFDO�GLVFKDUJH�DVVLVWHG
,$5&� ,QWHUQDWLRQDO�$JHQF\�IRU�5HVHDUFK�RQ�&DQFHU
IDDM insulin-dependent diabetes mellitus
IDFA International Diabetes Federation Atlas
,)*� LPSDLUHG�IDVWLQJ�JOXFRVH
,*7� LPSDLUHG�JOXFRVH�WROHUDQFH
IL-1, IL-6 interleukin-1 and interleukin-6
,/��ȕ� LQWHUOHXNLQ��ȕ
,07� LQWLPD�PHGLD�WKLFNQHVV
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xxii Abbreviations

Inos inducible NOS
iNOS-NO inducible nitric oxide synthase-nitric oxide
INSR insulin receptor
,5$&� ,QWHUQDWLRQDO�$JHQF\�IRU�5HVHDUFK�RQ�&DQFHU
,75(2+� ,QWHUQDWLRQDO�7UDLQLQJ�DQG�5HVHDUFK�3URJUDP�LQ�

(QYLURQPHQWDO�DQG�2FFXSDWLRQDO�+HDOWK
K potassium
LAB lactic acid bacteria
LC liquid chromatography
LC-MS liquid chromatography-mass spectrometry
LDA linear discriminant analysis
LDL low-density lipoprotein
LLE liquid-liquid extraction
/3+� ODFWDVH�SKORUL]LQ�K\GURODVH
0$� PLFURZDYH�DVVLVWHG
0$(� PLFURZDYH�DVVLVWHG�H[WUDFWLRQ
0$/',�72)� PDWUL[�DVVLVWHG�ODVHU�GHVRUSWLRQ�LRQL]DWLRQ�WLPH�RI�IOLJKW
0$3.� PLWRJHQ�DFWLYDWHG�SURWHLQ�NLQDVH
0$9� PLFURZDYH�DVVLVWHG�H[WUDFWLRQ
0&)��� 0LFKLJDQ�FDQFHU�IRXQGDWLRQ��
MCP monocyte chemoattractant protein
MDA malondialdehyde
MDR multi-drug resistance
0()$� PRGHUDWH�HOHFWULF�ILHOG�DVVLVWHG
MEKC micellar electro-kinetic chromatography
MEP methylerythritol phosphate
0)� PLFURILOWUDWLRQ
MiADMSA monoisoamyl meso 2,3-dimercaptosuccinic acid
MIC minimum inhibitory concentration
Mn manganese
m-RNA messenger ribonucleic acid
MRP multidrug resistance protein
MS mass spectrometry
07&&� PLFURELDO�W\SH�FXOWXUH�FROOHFWLRQ
07+)5� PHWK\OHQHWHWUDK\GURIRODWH�UHGXFWDVH
077� ��������'LPHWK\OWKLD]RO���\O������GLSKHQ\O�WHWUD]ROLXP�

bromide
09$� PLFURZDYH�DVVLVWHG
0:&17V� PXOWL�ZDOOHG�FDUERQ�QDQRWXEHV
Na sodium
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Abbreviations xxiii

NaAsO2 sodium arsenite
NADPH nicotinamide adenine dinucleotide phosphate
1&,0� QDWLRQDO�FROOHFWLRQ�RI�LQGXVWULDO�PLFURRUJDQLVPV
1)� QDQRILOWUDWLRQ
1)ț%� QXFOHDU�IDFWRU�NDSSD�%
NIDDM non-insulin-dependent diabetes mellitus
NMR nuclear magnetic resonance
nNOS neuronal NOS
NO nitric oxide
NOS nitric oxide synthase
13&$� QHJDWLYH�SUHVVXUH�FDYLWDWLRQ�DVVLVWHG
142�� QDGSK�TXLQRQH�UHGXFWDVH
1UI�� QXFOHDU�IDFWRU�HU\WKURLG���UHODWHG�IDFWRU��
2*77� RUDO�JOXFRVH�WROHUDQFH�WHVW
2,9� ,QWHUQDWLRQDO�2UJDQL]DWLRQ�RI�9LQH�DQG�:LQH
OPE onion peel extract
ORAC oxygen radical absorbance capacity
R[�/'/� R[LGL]HG�ORZ�GHQVLW\�OLSRSURWHLQ
PAH phenylalanine hydroxylase
3%()� SUH�%�FHOO�FRORQ\�HQKDQFLQJ�IDFWRU
PCA principal component analysis
PCL photochemi-luminescence
3&5� SRO\PHUL]HG�FKDLQ�UHDFWLRQ
3()� SXOVHG�HOHFWULF�ILHOG
3()$� SXOVHG�HOHFWULF�ILHOG�DVVLVWHG
3()(� SXOVHG�HOHFWULF�ILHOG�H[WUDFWLRQ
PGI2 prostacyclin
3,�.� SKRVSKDWLG\OLQRVLWRO��¶�NLQDVH
PKC protein kinase C
3/(� SUHVVXUL]HG�OLTXLG�H[WUDFWLRQ
PLS-DA partial least squares discriminant analysis
PON-1 paraoxonase-1
33$5�Ȗ� SHUR[LVRPH�SUROLIHUDWRU�DFWLYDWHG�UHFHSWRU�JDPPD
36$� SURVWDWH�VSHFLILF�DQWLJHQ
38)$V� SRO\XQVDWXUDWHG�IDWW\�DFLGV
3933� SRO\YLQ\OSRO\S\UUROLGRQH
42/� TXDOLW\�RI�OLIH
4�72)�06� TXDGUXSROH�WLPH�RI�IOLJKW�PDVV�VSHFWURPHWHU
RARs retinoic acid receptors
RBC red blood cells
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RBP retinol binding protein
516� UHDFWLYH�QLWURJHQ�VSHFLHV
52� UHYHUVH�RVPRVLV
526� UHDFWLYH�R[\JHQ�VSHFLHV
SAM S-adenosyl-L-methionine
SC-CO2 supercritical carbon dioxide
SDH sorbitol dehydrogenase
6'6�3$*(� VRGLXP�GRGHF\O�VXOIDWH�SRO\DFU\ODPLGH�JHO�

electrophoresis
6(7� VLQJOH�HOHFWURQ�WUDQVIHU
6)(� VXSHUFULWLFDO�IOXLG�H[WUDFWLRQ
6*/7��� VRGLXP�JOXFRVH�FR�WUDQVSRUWHU��
SNPs single nucleotide polymorphisms
SOD superoxide dismutase
SPE solid phase extraction
SREBP-1c sterol regulatory element binding protein
SSBs single-strand breaks
66)� VROLG�VWDWH�IHUPHQWDWLRQ
67=� VWUHSWR]RWRFLQ
7�'0� W\SH���GLDEHWHV�PHOOLWXV
7$&� WRWDO�DQWLR[LGDQW�FDSDFLW\
7$6� WRWDO�DQWLR[LGDQW�VWDWXV
7%$56� WKLREDUELWXULF�DFLG�UHDFWLYH�VXEVWDQFHV
7&$� WULFDUER[\OLF�DFLG
7&0� WUDGLWLRQDO�&KLQHVH�PHGLFDO
7'6� WRWDO�GLVVROYHG�VROLGV
7($&� WUROR[�HTXLYDOHQW�DQWLR[LGDQW�FDSDFLW\
7)&� WRWDO�IODYRQRLG�FRQWHQW
7*;� WDPDULQG�[\ORJOXFDQ
71)�Į� WXPRU�QHFURWLF�IDFWRU�Į
72)� WLPH�RI�IOLJKW
726� WRWDO�R[LGDQW�VWDWXV
726&� WRWDO�R[\UDGLFDO�VFDYHQJLQJ�FDSDFLW\
73� WRWDO�SRO\SKHQRO
73&� WRWDO�SRO\SKHQRO�FRQWHQW
737=� ������WULV����WULS\ULG\O��V�WULD]LQH
75$3� WRWDO�UDGLFDO�WUDSSLQJ�DQWLR[LGDQW�SDUDPHWHU
753� W\URVLQDVH�UHODWHG�SURWHLQ
763� WKHUPR�VSUD\
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Abbreviations xxv

7<5� W\URVLQDVH
UA ultrasound-assisted
UAE ultrasound assisted extraction
8)� XOWUD�ILOWUDWLRQ
8+3/&� XOWUD�KLJK�SHUIRUPDQFH�OLTXLG�FKURPDWRJUDSK\
81,&()� 8QLWHG�1DWLRQV�,QWHUQDWLRQDO�&KLOGUHQ¶V�(PHUJHQF\�)XQG
UROtsa urothelial cell line
86$,'� 8QLWHG�6WDWHV�$JHQF\�IRU�,QWHUQDWLRQDO�'HYHORSPHQW
87,V� XULQDU\�WUDFW�LQIHFWLRQV
89� XOWUD�YLROHW
9(*)� YDVFXODU�HQGRWKHOLDO�JURZWK�IDFWRU
WBC white blood cells
:+2� :RUOG�+HDOWK�2UJDQL]DWLRQ
XBP x-box binding protein
=Q� ]LQF
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PREFACE 1

:H�LQWURGXFH�WKLV�QHZ�ERRN�YROXPH�XQGHU�ERRN�VHULHV�Innovations in Plant 
Science for Better Health: From Soil to Fork��7KLV�ERRN�PDLQO\�FRYHUV�WKH�
FXUUHQW�VFHQDULR�RI�UHVHDUFK�DQG�FDVH�VWXGLHV��WKH�LPSRUWDQFH�RI�SK\WRFKHPL-
FDOV�IURP�SODQW�EDVHG�RQ�IRRGV�LQ�WKHUDSHXWLFV��XQGHU�IRXU�PDLQ�SDUWV��3DUW�,��
3ODQW�%DVHG�)XQFWLRQDO�)RRGV��3DUW�,,��5ROH�RI�3K\WRFKHPLFDOV�LQ�7UDGLWLRQDO�
(WKQRPHGLFLQHV��3DUW�,,,��%LRORJLFDO�$FWLYLWLHV�RI�3ODQW�%DVHG�3K\WRFKHPL-
FDOV�� DQG� 3DUW� ,9�� 3ODQW�%DVHG� 3K\WRFKHPLFDOV�� ([WUDFWLRQ�� ,VRODWLRQ�� DQG�
Healthcare.

7KLV�ERRN�PDLQO\�FRYHUV�WKH�LVRODWLRQ�RI�SRWHQWLDOO\�ELRDFWLYH�PROHFXOHV�
IURP� SODQW� VRXUFHV� IRU� WKHLU� LPSRUWDQFH� DQG� KHDOWK� SHUVSHFWLYHV�� 7KH�
LQFRUSRUDWLRQ�RI�IXQFWLRQDO�IRRGV��QXWUDFHXWLFDOV��DQG�ELRDFWLYHV�LQ�WKH�GDLO\�
GLHW�LV�D�EHQH¿FLDO�HQGHDYRU�WR�SUHYHQW�WKH�SURJUHVVLRQ�RI�FKURQLF�GLVRUGHUV��
7KLV�ERRN�IRFXVHV�RQ�SK\VLFDO�FKDUDFWHULVWLFV��XQLTXHQHVV��XVHV��GLVWULEXWLRQ��
WUDGLWLRQDO�LPSRUWDQFH��QXWULWLRQDO�LPSRUWDQFH��ELRDFWLYLWLHV��DQG�IXWXUH�WUHQGV�
RI�GL൵HUHQW�SODQW�EDVHG�IRRGV�DQG�IRRG�SURGXFWV��)XQFWLRQDO�IRRGV��EH\RQG�
SURYLGLQJ� EDVLF� QXWULWLRQ��PD\� R൵HU� D� SRWHQWLDOO\� SRVLWLYH� H൵HFW� RQ� KHDOWK�
DQG� FXUH� YDULRXV� GLVHDVH� FRQGLWLRQV� VXFK� DV� PHWDEROLF� GLVRUGHUV�� FDQFHU��
DQG� FKURQLF� LQÀDPPDWRU\� UHDFWLRQV�� 1DWXUDO� SURGXFWV� DQG� WKHLU� ELRDFWLYH�
FRPSRXQGV�DUH�LQFUHDVLQJO\�XWLOL]HG�LQ�SUHYHQWLYH�DQG�WKHUDSHXWLF�PHGLFDWLRQ��
%LRDFWLYH�FRPSRXQGV�KDYH�EHHQ�XWLOL]HG�IRU�WKH�SURGXFWLRQ�RI�SKDUPDFHXWLFDO�
VXSSOHPHQWV�DQG�PRUH�UHFHQWO\�DV�IRRG�DGGLWLYHV�WR�LQFUHDVH�WKH�IXQFWLRQDOLW\�
RI�IRRGV��7KH�ERRN�DOVR�GHVFULEHV�WKH�H[WUDFWLRQ�RI�ELRDFWLYH�PROHFXOHV�IURP�
SODQW�VRXUFHV��ERWK�FRQYHQWLRQDO�DQG�PRGHUQ�H[WUDFWLRQ�WHFKQLTXHV��DYDLODEOH�
sources, biochemistry, structural composition, and potential biological 
DFWLYLWLHV� $GYDQFHG� H[WUDFWLRQ� WHFKQLTXHV� VXFK� DV� HQ]\PH�DVVLVWHG��
PLFURZDYH�DVVLVWHG�� XOWUDVRXQG�DVVLVWHG�� SUHVVXUL]HG� OLTXLG� H[WUDFWLRQ�� DQG�
supercritical extraction techniques are described in this book.

7KLV�ERRN�YROXPH�VKHGV�OLJKW�RQ�WKH�SRWHQWLDO�RI�ERWK�SODQW�EDVHG�QDWXUDO�
SURGXFWV�IRU�KXPDQ�KHDOWK�IRU�GL൵HUHQW�WHFKQRORJLFDO�DVSHFWV��DQG�LW�FRQWULE-
XWHV�WR�WKH�RFHDQ�RI�NQRZOHGJH�RQ�IRRG�VFLHQFH�DQG�QXWULWLRQ��:H�KRSH�WKDW�
WKLV�FRPSHQGLXP�ZLOO�EH�XVHIXO�IRU�VWXGHQWV�DQG�UHVHDUFKHUV�DV�ZHOO�DV�IRU�
SHUVRQV�ZRUNLQJ�LQ�WKH�IRRG��QXWUDFHXWLFDOV��DQG�KHUEDO�LQGXVWULHV�
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xxviii Preface 1

7KH�FRQWULEXWLRQV�RI�WKH�FRRSHUDWLQJ�DXWKRUV�WR�WKLV�ERRN�YROXPH�KDYH�
EHHQ�PRVW�YDOXDEOH�LQ�WKH�FRPSLODWLRQ��7KHLU�QDPHV�DUH�PHQWLRQHG�LQ�HDFK�
FKDSWHU� DQG� LQ� WKH� OLVW� RI� FRQWULEXWRUV��:H� DSSUHFLDWH� \RX� DOO� IRU� KDYLQJ�
SDWLHQFH�ZLWK�RXU� HGLWRULDO� VNLOOV��7KLV�ERRN�ZRXOG�QRW� KDYH�EHHQ�ZULWWHQ�
ZLWKRXW�WKH�YDOXDEOH�FRRSHUDWLRQ�RI�WKHVH�LQYHVWLJDWRUV��PDQ\�RI�ZKRP�DUH�
UHQRZQHG�VFLHQWLVWV�ZKR�KDYH�ZRUNHG�LQ�WKH�¿HOG�RI�IRRG�VFLHQFH��ELRFKHP-
LVWU\�� DQG� QXWULWLRQ� WKURXJKRXW� WKHLU� SURIHVVLRQDO� FDUHHUV�� :H� SURXGO\�
ZHOFRPH�FRHGLWRU�$ULMLW�1DWK�WR�WKH�HGLWRULDO�FRPPXQLW\�RQ�SODQW�VFLHQFH�IRU�
better health, and he brings his international experience.

7KH�JRDO�RI�WKLV�ERRN�YROXPH�LV�WR�JXLGH�WKH�ZRUOG�VFLHQFH�FRPPXQLW\�
RQ�KRZ�ELRDFWLYH�FRPSRXQGV�FDQ�DOOHYLDWH�XV�IURP�YDULRXV�FRQGLWLRQV�DQG�
diseases. 

:H�ZLOO�OLNH�WR�WKDQNV�WR�HGLWRULDO�DQG�SURGXFWLRQ�VWD൵��DQG�$VKLVK�.XPDU��
3XEOLVKHU��DQG�3UHVLGHQW�DW�$SSOH�$FDGHPLF�3UHVV�� ,QF��� IRU�PDNLQJ�HYHU\�
H൵RUW�WR�SXEOLVK�WKLV�ERRN�ZKHQ�DOO�DUH�FRQFHUQHG�ZLWK�KHDOWK�LVVXHV�

:H�H[SUHVV�RXU�DGPLUDWLRQ�WR�RXU�IDPLOLHV�DQG�FROOHDJXHV�IRU�WKHLU�XQGHU-
VWDQGLQJ�DQG�FROODERUDWLRQ�GXULQJ�WKH�SUHSDUDWLRQ�RI�WKLV�ERRN�YROXPH�

²Megh R. Goyal, PhD
²+D¿]�$QVDU�5DVXO�6XOHULD��3K'

Editors
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PREFACE 2

Plants and their parts, among all habitats around the world, are able to 
VDWLVI\� WKH� GHPDQGV� RI� DOO� W\SHV� RI� JDVWURQRP\�� ,Q� DGGLWLRQ� WR� WKH� XVH� RI�
SODQW�EDVHG�IRRGV�LQ� ORZ�LQFRPH�FRPPXQLWLHV��XQDZDUH�DERXW�KHDOWK\�GLHW�
DQG�KHDOWK�EHQHILWV���WKHVH�IRRGV�KDYH�DOVR�UHFHLYHG�D�VLJQLILFDQW�SRVLWLRQ�LQ�
WKH� ORZ�FDORULILF� GLHW� FKDUW� RI� YHJDQ� SHRSOH� LQ� KLJK�LQFRPH� FRPPXQLWLHV��
,QWHQWLRQDOO\��WKH�FRPPXQLW\�SUHIHUV�WR�WXUQ�WRZDUGV�SODQW�EDVHG�IXQFWLRQDO�
IRRGV�� EHFDXVH� WKH\� DUH� QXWULWLRXV�� ORZ�FDORULILF�� DQG� KDYH� D� SRWHQWLDO� IRU�
GHWR[LILFDWLRQ�

:KHQ� WKHUH� LV� DQ� DUJXPHQW� UHODWHG� ZLWK� D� JHQHWLFDOO\� PRGL¿HG� FURS��
WUDGLWLRQDO� SODQW�EDVHG� IRRGV� GR� QRW� ORVH� WKHLU� SRVLWLRQ� LQ� PDLQ� DQG� VLGH�
GLVKHV��6XFK�IRRGV�DUH�FRQVLGHUHG�DV�KHULWDJH�LWHPV�RI�FXOWXUH�DQG�VRFLHW\��7KH�
FRQWULEXWLRQ�RI�SODQWV�RU�WKHLU�SDUWV��HVSHFLDOO\�VWHP��SVHXGR�VWHP��VHHG��EDUN��
OHDYHV��IUXLWV��DV�D�VRXUFH�RI�QDWXUDO�UHPHGLHV�LV�QRWHZRUWK\��)RU�H[DPSOH��
VSLFHV� R൵HU� XQLTXH� PHGLFLQDO� YDOXHV� IRU� UHGXFLQJ� ULVNV� DQG� VHYHULWLHV� RI�
VHYHUDO�GLVHDVHV��,Q�DGGLWLRQ�WR�WKH�SUHSDUDWLRQ�RI�IXQFWLRQDO�IRRGV��SODQWV�DUH�
DOVR�XVHG�WR�SUHSDUH�VHYHUDO�UHIUHVKPHQW�GULQNV�DQG�DOFRKROLF�EHYHUDJHV��)RU�
H[DPSOH��JUDSHV��FHUHDOV��FLWUXV��ODYHQGHU��PLQW��WHD��HWF���KDYH�EHHQ�XVHG�WR�
SUHSDUH�EHYHUDJHV�

7KH� SUHVHQFH� RI� SK\WRFKHPLFDOV� LQ� SODQWV� ZLWK� H[FOXVLYH� FKHPLFDO�
VWUXFWXUH�DQG�SK\WRFKHPLFDO�DFWLYLWLHV�LV�UHVSRQVLEOH�IRU�PDQ\�KHDOWK�EHQH¿WV��
3K\WRFKHPLFDOV� LQ� WKH� FUXGH� PDWUL[� KDYH� QRW� RQO\� EHHQ� LPSOHPHQWHG� LQ�
SULPDU\�KHDOWK�FDUH��EXW�WKHLU�LVRODWLRQ�DQG�IRUPXODWLRQ�IRU�VSHFL¿F�WDUJHWV�
KDYH� ERRVWHG� DGYDQFHG� SKDUPDFHXWLFDO� IRUPXODWLRQV�� 5HVHDUFK� VWXGLHV�
RQ� SKDUPDFRORJ\� DQG� ELRLQIRUPDWLFV� KDYH� FRUURERUDWHG� WKDW� SODQW�EDVHG�
ELRDFWLYH�FRPSRXQGV�DQG�KHUEDO�GUXJV�DUH�µVDIH¶�DQG�GR�QRW�R൵HU�VLJQL¿FDQW�
DGYHUVH� VLGH�H൵HFWV��$OO� EHQH¿FLDO� RXWFRPHV� HQKDQFH� WKH� XWLOL]DWLRQ� DQG�
FRQVXPSWLRQ� RI� SODQW�EDVHG� IRRGV�� EHYHUDJHV�� DQG� PHGLFLQHV� IURP� WKHLU�
SULPLWLYH�VWDWXV�

3URGXFWLRQ�� H[SRUW�� DQG� LPSRUW� RI� SODQW�EDVHG� IRRGV�� EHYHUDJHV�� DQG�
PHGLFLQHV� SURYLGH� GHYHORSLQJ� SHUVSHFWLYHV� LQ� WKH� HFRQRPLF� VHFWRU�� ,Q� D�
VLPLODU� SODWIRUP�� WKH� HPHUJHQFH� RI� ELRFKHPLFDO� HQJLQHHULQJ� LV� D� ERRQ� IRU�
WKH� GHYHORSPHQW� RI� QHZ� SURFHVVHV� DQG� HTXLSPHQW� WKDW� R൵HU� UHYROXWLRQDU\�
XSJUDGDWLRQ� IRU� WKH� SURGXFWLRQ� RI� VHYHUDO� SODQW�EDVHG� IRRGV�� WKHUDSHXWLFV��
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DQG� ELRPROHFXOHV��$V� WLPH� SURJUHVVHV�� VKUHZG� UHYROW� ZLWK� QHZ� LGHDV� DQG�
FRQ¿GHQFH�R൵HUV�D�QHZ�DUHQD� LQ� WKH�SURFHVV� LQWHQVL¿FDWLRQ�DQG�SURYLGHV�D�
UHEHOOLRQ�IRU�WKH�PDQXIDFWXULQJ�SURFHVV�RI�SODQW�EDVHG�IRRGV�DQG�H[WUDFWLRQ�
RI�SK\WRFKHPLFDOV�

$V�SODQW�EDVHG�IRRGV�DQG�SK\WRFKHPLFDOV�KDYH�GUDZQ�DWWHQWLRQ�IURP�WKH�
¿HOG�WR�³UHDG\�WR�HDW�IRRG´�LWHPV��WKHUH�LV�WKHUHIRUH�DQ�XUJHQW�QHHG�WR�SURYLGH�
LQ�GHSWK�NQRZOHGJH�UHODWHG�WR�SURFHVVLQJ�RI�GL൵HUHQW�SK\WRFKHPLFDOV��SODQW�
EDVHG�IRRGV��DQG�EHYHUDJHV�DORQJ�ZLWK�WKHLU�KHDOWK�EHQH¿WV�WR�D�ZLGH�UDQJH�
RI�UHVHDUFK�FRPPXQLWLHV��LQGXVWULDO�VHFWRUV��DQG�PHGLFDO�SUDFWLWLRQHUV��2XU�
H[SHFWDWLRQ�RI�WKLV�ERRN�YROXPH�LV�WR�LQWHUHVW�UHVHDUFKHUV�ZLWK�SKDUPDFRORJ\��
IRRG�� FKHPLFDO�� DQG� FOLQLFDO� EDFNJURXQGV� DQG� SURPRWH� LQWHUGLVFLSOLQDU\�
UHVHDUFK��)XUWKHUPRUH��WKLV�ERRN�YROXPH�SURYLGHV�DQ�RSSRUWXQLW\�WR�PHHW�WKH�
SUHVHQW�VFHQDULR�RI�EXVLQHVV�UHODWHG�WR�KHUEDO�PHGLFLQHV�DQG�SK\WRFKHPLFDOV�

,� H[SUHVV� WKDQNV� WR� 3URI��0HJK� 5�� *R\DO�� 6HQLRU� (GLWRU�LQ�&KLHI�� IRU�
SURYLGLQJ� PH� WKH� RSSRUWXQLW\� WR� MRLQ� KLV� WHDP�� ,Q� P\� EXGGLQJ� VWDJH� RI�
SURIHVVLRQDO� OLIH��KLV� FRQVWDQW� HQFRXUDJHPHQW�DQG�DYDLODELOLW\� WR�FRPSOHWH�
WKLV�WDVN�KDV�KHOSHG�PH�WR�PHHW�YDULRXV�DVSHFWV�RI�DFDGHPLF��SURIHVVLRQDO��
and management skills, and help to bring about an exceptional book in plant 
VFLHQFH�DQG�KXPDQ�KHDOWK��7KLV�ERRN�SUHSDUDWLRQ�R൵HUV�D�QHZ�VKDSH�LQ�P\�
academic and research career.

0\�VSHFLDO�WKDQNV�WR�P\�SDUHQWV�DQG�EHORYHG�VLVWHU�IRU�WKHLU�LQVSLUDWLRQ�
DQG�PRWLYDWLRQ��,�DP�WKDQNIXO�WR�$OPLJKW\�6XSUHPH�*RG��ZKR�DOZD\V�SXW�
PH� LQ�+LV�SDOP�� ,� FDQQRW� IRUJHW� WR� DFNQRZOHGJH�'U��/DZUHQFH�$EHOOR��6��
-�� �UHQRZQHG� SURIHVVRU�� LQYHQWRU�� DQG� D� GHYRXW� FRPSDQLRQ� RI� 6W��0RWKHU�
7HUHVD��IRU�KLV�EOHVVLQJV�DQG�HQFRXUDJHPHQW��,I�WKLV�ERRN�IXO¿OOV�WKH�H[SHFWD-
WLRQV�RI�FRRSHUDWLQJ�DXWKRUV�DQG�UHDGHUV��WKHQ�,�FDQ�FRQVLGHU�LW�D�JUHDW�WULEXWH�
WR�$OPLJKW\�6XSUHPH�*RG��3URI��0HJK�5��*R\DO��P\�SDUHQWV��'U��/DZUHQFH�
$EHOOR��6��-�

—Arijit Nath, PhD
Co-Editor
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PART I
Plant-Based Functional Foods
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CHAPTER 1

SOYBEAN-BASED FUNCTIONAL 
FOODS THROUGH MICROBIAL 
FERMENTATION: PROCESSING AND 
BIOLOGICAL ACTIVITIES

ARIJIT NATH, TITAS GHOSH, ABINIT SAHA,  
KLÁRA PÁSZTORNÉ HUSZÁR, SZILVIA BÁNVÖLGYI,  
RENÁTA GERENCSÉRNÉ BERTA, ILDIKÓ GALAMBOS, EDIT MÁRKI, 
GYULA VATAI, ANDRAS KORIS, and ARPITA DAS

ABSTRACT

Leguminous soybean (Glycine max�� KDV� D� KLJK� FRQFHQWUDWLRQ� RI� HGLEOH�
SURWHLQ�DQG�WKHLU�ELRDYDLODELOLW\��LQ�DGGLWLRQ�WR�LQRUJDQLF�PLQHUDOV��YLWDPLQ�&��
YLWDPLQ�.��DQG�LVRIODYRQHV��6R\EHDQ�LV�SRSXODU�IRU�LWV�IXQFWLRQDO�LQJUHGLHQWV�
DQG�PHDW�OLNH�WH[WXUH�DQG�IODYRU��GHVSLWH�D�PXFK�ORZHU�HQHUJ\�GHQVLW\�WKDQ�
WKH�PHDW��7UDGLWLRQDO�QRQ�IHUPHQWHG�IRRG�SURGXFWV�PDGH�IURP�VR\EHDQ�DUH��
VR\PLON�� WRIX�� RNDUD�� VR\� IORXU�� DQG�\XED��ZKHUHDV� WKH� FRPPRQ� VR\EHDQ�
EDVHG� IHUPHQWHG� IRRGV� LQFOXGH� WHPSHK�� QDWWR�� VR\� VDXFH�� PLVR�� GRXFKL��
kinema, cheonggukjang, doenjang, kanjang, gochujang, and soy yogurt. 
9DULRXV� EDFWHULD�� IXQJXV�� \HDVW�� DQG� PROG� DUH� XVHG� WR� SUHSDUH� VR\EHDQ�
EDVHG�IHUPHQWHG�SURGXFWV��1XPHURXV�UHVHDUFK�VWXGLHV�KDYH�FRQILUPHG�WKDW�
VR\EHDQ�EDVHG�IHUPHQWHG�IRRGV�DQG�SHSWLGHV�RIIHU�DQWL�REHVLW\��DQWL�GLDEHWLF��
DQWL�DQJLRWHQVLQ�FRQYHUWLQJ�HQ]\PH��DQWL�R[LGDQW��DQWL�PLFURELDO��DQG�DQWL�
FDQFHU� DFWLYLWLHV��7KLV� FKDSWHU� IRFXVHV� RQ� WHFKQRORJLHV� IRU� SUHSDUDWLRQ� RI�
VR\EHDQ�EDVHG� IRRGV� WKURXJK� PLFURELDO� IHUPHQWDWLRQ� SURFHVV�� %LRORJLFDO�
DFWLYLWLHV�RI�VR\EHDQ�EDVHG�IRRGV��SURGXFHG�E\�PLFURELDO�IHUPHQWDWLRQ��KDYH�
also been described.
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4 Plant-Based Functional Foods and Phytochemicals

1.1 INTRODUCTION

Leguminous soybean (Glycine max��LV�FXOWLYDWHG�DURXQG�WKH�ZRUOG�GXH�WR�LWV�
XQLTXH�QXWULWLRQDO�DQG�WKHUDSHXWLF�YDOXHV�DQG�HFRQRPLF�LPSRUWDQFH�>������@��
$FFRUGLQJ� WR� )RRG� DQG�$JULFXOWXUDO� 2UJDQL]DWLRQ� RI� WKH� 8QLWHG� 1DWLRQV�
>���@�� UHPDUNDEOH� SURGXFHUV� RI� VR\EHDQ� DUH� 7KH� 8QLWHG� 6WDWHV�� &DQDGD��
%UD]LO��$UJHQWLQD��3DUDJXD\��8UXJXD\��&KLQD��DQG�,QGLD�>���@�

6R\EHDQ�VHHGV�DUH�KXJH�VRXUFH�RI�QXWULHQWV�>��@��,W�FRQVLVWV�RI�FDUERK\-
GUDWHV��a����Z�Z���IDW��a����Z�Z���SURWHLQ��a����Z�Z���DQG�ZLGH�UDQJH�RI�
HVVHQWLDO�PLQHUDOV��LURQ��FDOFLXP��VRGLXP��PDJQHVLXP��]LQF��PDQJDQHVH��VHOH-
QLXP���)XUWKHUPRUH��YLWDPLQ�&��a��PJ�LQ�����J��DQG�YLWDPLQ�.�RU�SK\OORTXL-
QRQH��a����J�LQ�����J��DUH�DEXQGDQW�LQ�VR\EHDQ�>�������@��)RXU�GL൵HUHQW�W\SHV�
RI�VR\EHDQ�SURWHLQV�ZLWK�ELRFKHPLFDO�DFWLYLWLHV�DUH��JO\FLQLQ��ȕ�FRQJO\FLQLQ��
OXQDVLQ��DQG�OHFWLQ�>������@��%HFDXVH�RI�KLJK�DPRXQW�RI�SURWHLQV��VR\EHDQ�LV�
DFFHSWHG�DV�VRXUFH�RI�HGLEOH�SURWHLQ����±�����>���@��*HQHWLF�PRGL¿FDWLRQ�
KDV� LPSURYHG� WKH�SURGXFWLYLW\�RI� VR\EHDQ�DQG�SURWHLQ�FRQWHQW� DQG�RLO� >����
�������@��6R\EHDQ�FRQWDLQV�WKUHH�JURXSV�RI�LVRÀDYRQHV��VXFK�DV��GDLG]HLQV��
JHQLVWHLQV��DQG�JO\FLWHLQV��DQG�WKHLU�UHVSHFWLYH�ȕ�JO\FRVLGHV��GDLG]LQ��JHQLVWLQ��
DQG�JO\FLWLQ��7KHVH�DUH�UHIHUUHG�WR�SK\WRHVWURJHQ�ZLWK�HVWURJHQLF�SURSHUWLHV��
$IWHU�FRQVXPSWLRQ�RI�VR\EHDQ��LQWHVWLQDO�PLFURÀRUD�DQG�JOXFRVLGDVHV�K\GUR-
O\]H� LVRÀDYRQHV�DQG�SURGXFH�DJO\FRQHV��GDLG]HLQ��JHQLVWHLQ�� DQG�JO\FLWHLQ��
/DWHU��WKHVH�FRPSRXQGV�DUH�DEVRUEHG�LQ�WKH�JXW�ZDOO�RU�PHWDEROL]HG�WR�RWKHU�
PHWDEROLWHV��VXFK�DV��HTXRO��DQG�S�HWK\OSKHQRO��7KH�ELRDYDLODELOLW\�RI�LVRÀD-
YRQHV�FDQ�EH�LQFUHDVHG�E\�SURFHVVLQJ�WHFKQLTXHV��VXFK�DV��VWHDPLQJ��URDVWLQJ��
FRRNLQJ��DQG�IHUPHQWDWLRQ�ZLWK�PLFURELDO�FRQVRUWLD�>���@�

%HFDXVH� RI� QXWULWLRQDO� LPSRUWDQFH� DQG� WDVWH�� VHYHUDO� QRQ�IHUPHQWHG�
VR\EHDQ�EDVHG� IRRG� SURGXFWV� �VXFK� DV�� VR\PLON�� WRIX�� DQG� \XED�� DQG�
FRPPRQ�VR\EHDQ�EDVHG�IHUPHQWHG�IRRGV��VXFK�DV��WHPSHK��QDWWR��VR\�VDXFH��
miso, douchi, kinema, cheonggukjang, doenjang, kanjang, gochujang, and 
VR\�\RJXUW��DUH�SRSXODU�RU�VHYHUDO�KHDOWK�EHQH¿WV�>��@��3HSWLGHV�ZLWK�ORZHU�
PROHFXODU�ZHLJKW�DQG�PRGL¿HG�SURWHLQV�ZLWK�ODUJH�PROHFXODU�ZHLJKW�WKURXJK�
PLFURELDO� IHUPHQWDWLRQ� SURFHVV� SURYLGH� H[FOXVLYH� ELRORJLFDO� DFWLYLWLHV� RI�
VR\EHDQ�EDVHG� IHUPHQWHG� IRRGV��7KH\� R൵HU� DQWL�REHVLW\�� DQWL�DQJLRWHQVLQ�
FRQYHUWLQJ�HQ]\PH� �$&(��DFWLYLW\�� DQWL�R[LGDQW�� DQWL�PLFURELDO�� DQG�DQWL�
FDQFHU�DFWLYLWLHV�>�����������������������@��+RZHYHU��ELRDFWLYH�SHSWLGHV�FDQ�
DOVR� EH� REWDLQHG� WKURXJK� HQ]\PDWLF� K\GURO\VLV� RI� SURWHLQV� IURP� KXPDQ�
PLON�>�@��¿VK��HJJ��R\VWHU��FHUHDOV�� OHJXPHV��DQG�RLOVHHGV�>����������������
��������@�GXH�WR�SUHVHQFH�RI�DOO�HVVHQWLDO�DPLQR�DFLGV�LQ�VR\EHDQ�GHULYHG�
SHSWLGHV�>�������@�
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Soybean-Based Functional Foods Through Microbial Fermentation 5

,Q� WKLV� FKDSWHU�� WHFKQRORJLHV� KDYH� EHHQ� GLVFXVVHG� IRU� SUHSDUDWLRQ� RI�
IRRGV�IURP�VR\EHDQ�WKURXJK�PLFURELDO�IHUPHQWDWLRQ�SURFHVV��7KH�ELRORJLFDO�
DFWLYLWLHV�DQG�QXWULWLRQDO�DVSHFWV�RI�VR\EHDQ�EDVHG�IRRGV��SURGXFHG�WKURXJK�
PLFURELDO�IHUPHQWDWLRQ�SURFHVV��DUH�DOVR�GLVFXVVHG�

1.2 ROLE OF MICROBES IN SOYBEAN PROTEIN FERMENTATION

)RU� SURGXFWLRQ� RI� VR\EHDQ�EDVHG� IHUPHQWHG� IRRGV� �)LJXUH� ������ YDULHW\� RI�
PLFUREHV� KDYH� EHHQ� XVHG�� VXFK� DV�� +RPR�IHUPHQWDWLYH� ODFWLF� DFLG� EDFWHULD�
(LAB) (Lactobacillus bulgaricus, Lactobacillus acidophilus, Streptococcus 
thermophilus��DQG�KHWHUR�IHUPHQWDWLYH��Lactobacillus plantarum, Lactobacillus 
casei), Bacillus coagulans, Bacillus subtilis >�����@��\HDVW��Zygosaccharomyces 
rouxii��>��@, and molds (Candida etchellsii, Clavaria versatilis, and Aspergillus 
oryzae��>���������������@�

FIGURE 1.1 'LIIHUHQW�VR\EHDQ�EDVHG�IRRGV��SURGXFHG�WKURXJK�WKH�PLFURELDO�IHUPHQWDWLRQ�
process.
Source: 6HOI�GHYHORSHG�ZLWK�FRQFHSWV�IURP�5HIV��>������@�

'XULQJ� IHUPHQWDWLRQ�� PLFURRUJDQLVPV� EUHDN� DQG� FRQYHUW� WKH� VR\EHDQ�
SURWHLQV��0RVW�RI�WKHVH�PLFURRUJDQLVPV�DUH�ZLGHO\�SUHVHQW�LQ�QDWXUH�>���@��
HYHQ� LQ�KXPDQ�GLJHVWLYH� V\VWHP� >�����@��7KH\�DUH� UHFRJQL]HG�DV� VDIH� DQG�
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6 Plant-Based Functional Foods and Phytochemicals

SURYLGH�VHYHUDO�KHDOWK�EHQH¿WV�WR�FRQVXPHUV��7KH\�DUH�ZHOO�NQRZQ�IRU�WKHLU�
SK\VLRORJLFDO� VLJQL¿FDQFH� DQG� WHFKQRORJLFDO� LPSRUWDQFH� IRU� WKH� GHYHORS-
PHQW�RI�WH[WXUH��WHVW��DQG�ÀDYRU�RI�VR\EHDQ�EDVHG�IHUPHQWHG�IRRG�SURGXFWV�
>���������������@�

,Q�)LJXUH������PHWDEROLF�SDWKZD\�LQ�PLFUREHV�IRU�VR\EHDQ�SURWHLQ�IHUPHQ-
WDWLRQ� LV� SUHVHQWHG�� $UUD\V� RI� LQWUDFHOOXODU� DQG� H[WUDFHOOXODU� ELRFKHPLFDO�
UHDFWLRQV�SURPRWH�PLFURELDO�IHUPHQWDWLRQ�SURFHVV�DQG�V\QWKHVLV�RI�ELRDFWLYH�
SHSWLGHV��%RWK�H[RSHSWLGDVH�DQG�HQGRSHSWLGDVH�DUH�UHVSRQVLEOH�IRU�VR\EHDQ�
protein hydrolysis. When exopeptidase breaks the soybean proteins or poly-
SHSWLGHV�LQ�D�UDQGRP�EDVLV�� WKHQ�WKHUH�LV�D�SURGXFWLRQ�RI�PRUH�IUHH�DPLQR�
DFLGV��$QG� HQGRSHSWLGDVH� FOHDYHV� WKH� SDUWLFXODU� RU� VSHFL¿F� DPLQR� DFLG� LQ�
SHSWLGH� FKDLQ� DQG� SURGXFHV� VPDOO� SHSWLGHV� >���� ���� ���� ���� ���@�� 6PDOOHU�
SHSWLGHV�FDQ�EH�XSWDNHQ�E\�PLFUREHV�DQG�IUHH�DPLQR�DFLGV�DUH�SURGXFHG�E\�
LQWUDFHOOXODU�K\GURO\VLV��$PLQR�DFLGV�DUH�FDSDEOH�WR�HQWHU�IURP�DELRWLF�SKDVH�
WR�ELRWLF�SKDVH�WKURXJK�PHPEUDQH�SURWHLQ�WUDQVSRUWHUV�>����������@�

FIGURE 1.2 0HWDEROLF�SDWKZD\�IRU�VR\EHDQ�SURWHLQ�IHUPHQWDWLRQ�LQ�PLFUREHV�
Source:�6HOI�GHYHORSHG�ZLWK�FRQFHSWV�IURP�5HIV��>������@�
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Soybean-Based Functional Foods Through Microbial Fermentation 7

%HIRUH� DGGLWLRQ� RI� PLFUREHV� LQ� IHUPHQWDWLRQ� FRQWDLQHUV�� FOHDQHG�� DQG�
VRDNHG�VR\EHDQ�VHHGV�DUH�JHQHUDOO\�XVHG�>��@��0LFUREHV��LQ�WKHLU�H[SRQHQWLDO�
JURZWK�SKDVH��DUH�DSSOLHG�DV�VWDUWHU�LQRFXOXP�IRU�WKH�IHUPHQWDWLRQ�SURFHVV��
7KH�\LHOG�RI�IHUPHQWDWLRQ�SURFHVV�GHSHQGV�RQ�VRPH�IDFWRUV��VXFK�DV�>��������
���@���D��GXUDWLRQ�RI�WKH�IHUPHQWDWLRQ���E��IHUPHQWDWLRQ�FRQGLWLRQ���F��W\SH�RI�
PLFURELDO�VWUDLQ�DQG�WKH�DFWLYLW\�RI�WKHLU�V\QWKHVL]HG�HQ]\PHV�DQG��G��VRXUFH�
RI�VR\EHDQ�SURWHLQV�

1.3 SOYBEAN PRODUCTS THROUGH FERMENTATION

6R\EHDQ�SURGXFWV�WKURXJK�IHUPHQWDWLRQ�KDYH�EHHQ�XVHG�PRVWO\�LQ�HDVWHUQ�
$VLDQ� FRXQWULHV� >���� ��@�� 6R\EHDQ�EDVHG� IHUPHQWHG� IRRGV� DUH� HQULFKHG�
ZLWK�ELRORJLFDOO\�DFWLYH�SHSWLGHV��DPLQR�DFLGV��DQG�ELRJHQLF�DPLQHV�>����
���� ����� ���@��7KH� WUDGLWLRQDO�PLFURELDO� IHUPHQWHG� VR\EHDQ�EDVHG� IRRGV�
DUH�FODVVLILHG�DV�

• 6DOW�IHUPHQWHG�VR\EHDQ�EDVHG�IRRG�SURGXFWV��NDQMDQJ��GRXFKL��NRPH�
PLVR��JRFKXMDQJ��DQG�VR\�VDXFH�

• 1RQ�VDOWHG� VR\EHDQ�EDVHG� IHUPHQWHG� IRRG�SURGXFWV�� VXFK� DV�� QDWWR��
tempeh, kinema, chungkkjang, soy yogurt and doejang.

1.3.1 NATTO

1DWWR� LV�RQH�RI� WKH� WUDGLWLRQDO� IRRGV� LQ� WKH� -DSDQHVH�FRPPXQLW\� >������@��
3ULPDULO\�� VR\EHDQ� VHHGV� DUH� FOHDQHG�ZLWK�ZDWHU� DQG� VRDNHG� LQ�ZDWHU� IRU�
��±���KRXUV��7KHQ��VR\EHDQ�VHHGV�DUH�ERLOHG�RU�VWHDPHG�IRU���±���PLQXWHV��
6XEVHTXHQWO\��VWHDPHG�VR\EHDQ�VHHGV�DUH�PL[HG�ZLWK�DQ�LQRFXOXP�RI�Bacillus 
subtilis spores (104±��6 spores g±���DQG�DUH�NHSW�DW�WHPSHUDWXUH���±���&�IRU�
��±���KRXUV�IRU�IHUPHQWDWLRQ�>������@��7KH�VDPSOH�LV�DOORZHG�WR�FRRO�DQG�LV�
NHSW�LQ�D�UHIULJHUDWRU�IRU�WKH�DJLQJ�SURFHVV��,Q�WKLV�SURFHVV��WKH�VPDOOHU�VL]H�
RI�VR\EHDQ�VHHGV�LV�SUHIHUUHG��EHFDXVH�Bacillus subtilis has more opportunity 
WR�IHUPHQW�WKH�HQWLUH�EHDQV�>��������������@��,Q�)LJXUH������WKH�PHWKRGRORJ\�
IRU�SUHSDUDWLRQ�RI�QDWWR�IURP�VR\EHDQ�LV�SUHVHQWHG�

1.3.2 TEMPEH

7HPSHK�LV�RQH�RI�WKH�WUDGLWLRQDO�,QGRQHVLDQ�GLVKHV�ZLWK�YHU\�KLJK�FRQFHQWUD-
WLRQ� RI� YLWDPLQ�%12��7KH� IRXU�PDMRU� VWHSV� IRU� WHPSHK� SUHSDUDWLRQ� DUH�� �D��
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8 Plant-Based Functional Foods and Phytochemicals

ERLOLQJ�� �E��VRDNLQJ�� �F�� LQRFXODWLRQ�RI�PLFUREHV�DQG��G�� LQFXEDWH�DW� URRP�
WHPSHUDWXUH� �a���&�� >��@�� 3ULPDULO\�� VR\EHDQ� VHHGV� DUH� ERLOHG� IRU� �±���
PLQXWHV�DQG�VXEVHTXHQWO\� WKH\�DUH� VRDNHG� LQ�FROG�ZDWHU� IRU���±���KRXUV��
$IWHU�VRDNLQJ��ZDWHU�LV�GUDLQHG�RXW�DQG�LV�IROORZHG�E\�GHKXOOLQJ�RI�WKH�ERLOHG�
soybean seeds. Lastly, sample is inoculated with Rhizopus VS��DQG�IHUPHQWD-
WLRQ� LV� SHUIRUPHG� IRU� ��±��� KRXUV� XQGHU� WKH� SXQFWXUHG� SRO\PHU� FRYHU� DW�
URRP�WHPSHUDWXUH��)HUPHQWDWLRQ�RI�VR\EHDQ�VHHGV�ZLWK�Rhizopus generates 
IODYRU��LPSURYHV�WKH�WH[WXUH�DQG�QXWULWLRQDO�YDOXH�RI�WHPSHK�>��@��:LGH�UDQJH�
RI� ILODPHQWRXV� IXQJDO� VSHFLHV�ZDV�DOVR� LVRODWHG� LQ� WHPSHK�� VXFK�DV� >���@��
Rhizopus oligosporus, Rhizopus stolonifer, Rhizopus arrhizus, Rhizopus 
oryzae, Rhizopus formosaensis, and Fusarium�VS��6RPH�EDFWHULD��VXFK�DV��
non-pathogenic Klebsiella pneumoniae and Citrobacter freundii) are key 
SURGXFHUV�RI�YLWDPLQ�%12�LQ�WHPSHK�>������@��&RRNHG�WHPSHK�LV�HDWHQ�LQVWHDG�
RI� LWV� QDWLYH� IRUP�� ,Q� )LJXUH� �����PHWKRGRORJ\� IRU� SUHSDUDWLRQ� RI� WHPSHK�
IURP�VR\EHDQ�LV�SUHVHQWHG�

FIGURE 1.3 0HWKRGRORJ\�IRU�SUHSDUDWLRQ�RI�QDWWR�IURP�VR\EHDQ�
Source: 6HOI�GHYHORSHG�ZLWK�FRQFHSWV�IURP�5HIV��>������������������@�

FIGURE 1.4 0HWKRGRORJ\�IRU�SUHSDUDWLRQ�RI�WHPSHK�IURP�VR\EHDQ�
Source: 6HOI�GHYHORSHG�ZLWK�FRQFHSWV�IURP�5HIV��>����������@�

1.3.3 SOY SAUCE

6R\�VDXFH�RULJLQDWHG�LQ�&KLQD�SULRU�WR�a����\HDUV�%��&��>��@��,Q�ILUVW�VWHS��
VWHDPHG��DQG�SUHVRDNHG�VR\EHDQ�VHHGV�DUH�PL[HG�ZLWK�URDVWHG�ZKHDW�IORXU��
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Soybean-Based Functional Foods Through Microbial Fermentation 9

)RU� &KLQHVH� DQG� -DSDQHVH� YDULDQWV�� WKHLU� PL[LQJ� UDWLRV� DUH� ���� DQG� �����
UHVSHFWLYHO\��6XEVHTXHQWO\�� WKH�PL[WXUH�LV�IHUPHQWHG�ZLWK�IXQJDO�FRQVRUWLD�
�VXFK�DV��Aspergillus oryzae or Aspergillus sojae��WR�SUHSDUH�µ.RML�¶�WKH�ILUVW�
IHUPHQWHG�SURGXFW�>��@��,Q�WKH�QH[W�VWHS��VRGLXP�FKORULGH�VROXWLRQ�DW�D�FRQFHQ-
WUDWLRQ���±����Z�Y�LV�PL[HG�ZLWK�NLRML�DQG�PL[WXUH�LV�DOORZHG�WR�IHUPHQW��
,Q� WKLV�IHUPHQWDWLRQ�VWHS��NRMLLV�FRQYHUWHG�WR�PRURPL�>����������@��'XULQJ�
WKH�PRURPL�SKDVH�� WKH�PLFURELDO�FRPPXQLW\� LV�FKDQJHG�IURP�ILODPHQWRXV�
IXQJL�WR�VDOW�WROHUDQW�/$%�DQG�DFLGRSKLOLF�\HDVW��/DFWLF�DFLG�EDFWHULD��VXFK�
DV��Weissella sp., Lactobacillus sp., Streptococcus sp. and Tetragenococcus 
VS���KDYH�EHHQ�JHQHUDOO\�GHWHFWHG�LQ�PRURPL��7KHVH�EDFWHULD�UHGXFH�WKH�S+�
RI�PRURPL��ZKLFK�VXSSRUWV�WKH�JURZWK�RI�VHYHUDO�DFLGRSKLOLF�\HDVWV��VXFK�DV�
Candida etchellsii, Zygosaccharomyces rouxii, and Candida versatilis�>����
���@��,Q�WKH�IHUPHQWDWLRQ�SURFHVV��\HDVW�SURGXFHV�DOFRKRO�DQG�YRODWLOH�IODYRU�
FRPSRXQGV�>�����������@��6R\�VDXFH�SUHSDUDWLRQ�IURP�VR\EHDQ�LV�SUHVHQWHG�
in Figure 1.5.

FIGURE 1.5 0HWKRGRORJ\�IRU�SUHSDUDWLRQ�RI�VR\�VDXFH�IURP�VR\EHDQ�
Source: 6HOI�GHYHORSHG�ZLWK�FRQFHSWV�IURP�5HIV��>���������������@�

1.3.4 KOME MISO

.RPH� PLVR� LV� D� WUDGLWLRQDO� -DSDQHVH� IRRG�� ZKLFK� LV� D� VDOW�IHUPHQWHG�
VR\EHDQ�EDVHG�IRRG�>��@��3ULPDULO\��NRML�LV�SUHSDUHG�E\�PL[LQJ�ERLOHG�ULFH�
ZLWK� ILODPHQWRXV� IXQJXV�� VXFK� DV��Aspergillus oryzae. ,W� SURGXFHV� YDULRXV�
SURWHRO\WLF� HQ]\PHV� WKDW� EUHDN� WKH� H[LVWLQJ� VR\� SURWHLQ� DQG� SURGXFH�
ELRDFWLYH� SHSWLGHV�� ,Q� D� VXEVHTXHQW� SURFHVV�� VWHDPHG� VR\EHDQ� LV� DGGHG� WR�
NRML� IRU� IXUWKHU� IHUPHQWDWLRQ��$IWHU� VXIILFLHQW� IHUPHQWDWLRQ� E\�Aspergillus 
oryzae�� IHUPHQWDWLRQ�SURGXFW� LV� FRQVLGHUHG� IRU� DJLQJ� WR�SUHSDUH� WKH�NRPH�
PLVR�>������@��,Q�)LJXUH������WKH�PHWKRGRORJ\�IRU�WKH�SUHSDUDWLRQ�RI�NRPH�
miso is presented.
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10 Plant-Based Functional Foods and Phytochemicals

FIGURE 1.6 0HWKRGRORJ\�IRU�SUHSDUDWLRQ�RI�.RPH�PLVR�IURP�VR\EHDQ�
Source: 6HOI�GHYHORSHG�ZLWK�FRQFHSWV�IURP�5HIV��>������@�

1.3.5 DOUCHI

'RXFKL�LV�D�WUDGLWLRQDO�VR\EHDQ�EDVHG�IHUPHQWHG�&KLQHVH�IRRG�>��@��7KHUH�
DUH�WKUHH�W\SHV�RI�PLFURRUJDQLVPV�DUH�XVHG�IRU�GRXFKL�SUHSDUDWLRQ��VXFK�DV��
Mucor racemosus, bacteria (Bacillus subtilis var. natto),�DQG�IXQJXV�(Rhizopus 
oligosporus and Aspergillus oryzae)��'RXFKL��IHUPHQWHG�E\�Aspergillus sp. 
LV�WKH�PRVW�DQFLHQW��7KLV�PHWKRG�LV�ZLGHO\�XVHG�LQ�&KLQD��'RXFKLLV�XVHG�DV�
D�FRPSOHPHQWDU\�DQG�DOWHUQDWLYH�PHGLFLQH�IRU�WKH�WUHDWPHQW�RI�KHDUW�UHODWHG�
GLVHDVHV��VXFK�DV��KHDUWEXUQ��LQIODPPDWLRQ��DQG�FRPPRQ�FROG�

7R� SURGXFH� GRXFKL�� VR\EHDQ� VHHGV� DUH� VRDNHG� LQ�ZDWHU� IRU� �� KRXUV� DW�
WHPSHUDWXUH�a���&��7KHQ��VR\EHDQV�DUH�VWHDPHG�DW�WHPSHUDWXUH�a����&�IRU�
50 minutes. Subsequently, temperature is reduced and a starter culture, i.e., 
Aspergillus sp. LV�DGGHG�WR�WKH�VR\EHDQV��7KH�PL[WXUH�LV�OHIW�IRU�IHUPHQWDWLRQ�
IRU����KRXUV�DW� WHPSHUDWXUH�a���&��7KHQ�WKH�SURGXFW�LV�ZDVKHG�ZLWK�����
ZDWHU�DQG�PL[HG�ZLWK�����NLWFKHQ�VDOW�>���@��$GGLWLRQDOO\��PL[WXUH�RI�JLQJHU��
VKDOORW��DQG�JDUOLF�LV�DGGHG��7KH�PL[WXUH�LV�WKHQ�VHDOHG�DQG�NHSW�IRU�DJLQJ�IRU�
���GD\V�DW�URRP�WHPSHUDWXUH��a���&���$IWHU����GD\V��GRXFKH�LV�SURGXFHG��
$GGLWLRQ�RI�VDOW�LV�JHQHUDOO\�GRQH�DIWHU�WKH�IHUPHQWDWLRQ��,W�FKDQJHV�WKH�WDVWH�
RI�WKH�SURGXFW�DQG�FRQWURO�WKH�PLFURELDO�JURZWK�LQ�GRXFKL�>����������������@��
,Q�)LJXUH������SUHSDUDWLRQ�RI�GRXFKL�IURP�VR\EHDQ�LV�SUHVHQWHG�

1.3.6 KINEMA

.LQHPD�LV�D�VR\EHDQ�EDVHG�IHUPHQWHG�IRRG�DPRQJ�HWKQLF�FRPPXQLW\�LQ�1HSDO�
>���@��,W�KDV�D�VWLFN\�WH[WXUH��JUH\�FRORU��VOLJKWO\�DONDOLQH�DQG�DPPRQLDFDO�
IODYRU�>����������@��6HYHUDO�PLFURRUJDQLVPV��VXFK�DV��Bacillus licheniformis, 
Bacillus subtilis, Bacillus cereus, Bacillus thuringiensis, Bacillus circulans, 
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Soybean-Based Functional Foods Through Microbial Fermentation 11

Bacillus sphaericus, Enterococcus faecium, and Candida sp.��DUH�XVHG�IRU�
SUHSDUDWLRQ�RI�NLQHPD�>���@��,Q�1HSDO��IRU�WUDGLWLRQDO�SUHSDUDWLRQ�RI�NLQHPD��
VPDOO�VL]HG� �a�� PP�� \HOORZ� FXOWLYDU� VR\EHDQ� VHHGV� DUH� XVHG�� ,QLWLDOO\��
VR\EHDQ� VHHGV� DUH� ZDVKHG�ZLWK�ZDWHU� DQG� VRDNHG� LQ� ZDWHU� IRU� RYHUQLJKW�
�a�� KRXUV��� 6XEVHTXHQWO\�� VRDNHG� VHHGV� DUH� VHSDUDWHG� IURP�ZDWHU� DQG� DUH�
ERLOHG�ZLWK�SXUH�ZDWHU�IRU�a����KRXUV�XQWLO�WKH�WH[WXUH�EHFRPHV�VRIW��7KHQ�
ZDWHU�LV�UHPRYHG�DQG�VRIW�VR\EHDQ�VHHGV�DUH�FUDFNHG�OLJKWO\�XVLQJ�D�ZRRGHQ�
PRUWDU�DQG�D�ZRRGHQ�SHVWOH��7KLV�SURFHVV�PD\�LQFUHDVH�WKH�VXUIDFH�DUHD�RI�
VXEVWUDWH��ZKLFK�DFFHOHUDWHV�WKH�IHUPHQWDWLRQ�SURFHVV�>������@��)LUHZRRG�DVK�
(approximately 1%) is introduced to cracked soybeans to make it alkaline. 
6R\EHDQ� JUDYHOV� DUH� SODFHG� LQ� D� EDPERR� EDVNHW�� OLQHG� E\� OHDYHV� RI� IUHVK�
IHUQ��Glaphylopteriolopsis erubescens���7KLV�EDVNHW� LV�FRYHUHG�ZLWK�D� MXWH�
EDJ�DQG�QDWXUDO� LQGLJHQRXV�IHUPHQWDWLRQ� LV�DOORZHG�RQ�DQ�HDUWKHQ�RYHQ�DW�
WHPSHUDWXUH���±���&��,Q�WKH�VXPPHU�VHDVRQ��IHUPHQWDWLRQ�SURFHVV�PD\�EH�
FRPSOHWHG� LQ��±��GD\V�EHFDXVH�RI� KLJK�KHDW� GXULQJ�GD\� WLPH��ZKHUHDV� LQ�
ZLQWHU�VHDVRQ��IHUPHQWDWLRQ�SURFHVV�PD\�WDNH��±��GD\V��.LQHPD�LV�JHQHUDOO\�
HDWHQ�DV�D�FXUU\�ZLWK�VWHDPHG�ULFH��7R�SUHSDUH�NLQHPD�FXUU\��IUHVK�NLQHPD�
LV�PL[HG�ZLWK�FKRSSHG�YHJHWDEOHV�DQG�VSLFHV��RQLRQ��WRPDWR��DQG�WXUPHULF���
DQG�LV�IULHG�ZLWK�YHJHWDEOH�RLO�>������������@��)LJXUH�����VKRZV�WKH�PHWKRG-
RORJ\�IRU�SUHSDUDWLRQ�RI�NLQHPD�

FIGURE 1.7 0HWKRGRORJ\�IRU�SUHSDUDWLRQ�RI�GRXFKL�IURP�VR\EHDQ�
Source: 6HOI�GHYHORSHG�ZLWK�FRQFHSWV�IURP�5HIV��>�����������@�

FIGURE 1.8 0HWKRGRORJ\�IRU�SUHSDUDWLRQ�RI�NLQHPD�IURP�VR\EHDQ�
Source:�6HOI�GHYHORSHG�ZLWK�FRQFHSWV�IURP�5HIV��>��������������������@�
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12 Plant-Based Functional Foods and Phytochemicals

1.3.7 CHUNGKUKJANG (SOYBEAN PASTE)

&KXQJNXNMDQJ�LV�WUDGLWLRQDO�.RUHDQ�IHUPHQWHG�VR\EHDQ�EDVHG�IRRG�>������@��
7R�SUHSDUH�FKXQJNXNMDQJ��VR\EHDQ�VHHGV�DUH�FOHDQHG��DQG�DUH�VRDNHG�LQ�SXUH�
ZDWHU� IRU����KRXUV�DW����&��7KHQ��VRDNHG�VHHGV�DUH�FRRNHG�IRU����PLQ�DW�
a����&��$IWHU�FRROLQJ��VHHGV�DUH�LQRFXODWHG�ZLWK����Bacillus licheniformis 
DQG�LQFXEDWHG�DW�a���&�IRU���GD\V��7UDGLWLRQDOO\��IHUPHQWHG�FKXQJ�NXNMDQJ�
ZLWK�DQWL�GLDEHWLF�DFWLYLW\�FRQWDLQV�Bacillus subtilis, Bacillus amyloliquefa-
ciens, and Bacillus licheniformis >������@�

1.3.8 DOENJANG (KOREAN FERMENTED SOY PASTE)

.RUHDQ� WUDGLWLRQDO�VR\EHDQ�SDVWH� LV�NQRZQ�DV�GRHQMDQJ�>������@��6R\EHDQ�
VHHGV�DUH�ILUVW�IHUPHQWHG�DQG�WKHQ�ERLOHG�LQ�����Z�Y��VDOWHG�ZDWHU�DW�����&��
7KH�VROLG�PDVV�RI�VR\EHDQ��ZKLFK�LV�REWDLQHG�E\�GUDLQLQJ�WKH�ZDWHU��LV�NQRZQ�
DV�PHMX��'RHQMDQJ�LV�SUHSDUHG�E\�XWLOL]LQJ�WKLV�PHMX��%RLOLQJ�LQ�EULQH�FDXVHV�
WKH�GHJUDGDWLRQ�RI�VR\�SURWHLQV�DQG�SURGXFWLRQ�RI�RUJDQLF�DFLGV��DPLQR�DFLGV�
DQG�PLQHUDOV�>������@��7R�FRQWLQXH�WKH�IHUPHQWDWLRQ�SURFHVV��PRUH�FRRNHG�
FHUHDOV��VXFK�DV��ULFH��ZKHDW��DUH�DGGHG�LQWR�PHMX�DQG�WKH�PL[WXUH�LV�DOORZHG�
WR�PDWXUDWH�IRU��±��PRQWKV��)XQJL�LV�SUROLIHUDWHG�LQ�PHMX�>��@�DQG�HQ]\PHV�
�V\QWKHVL]HG� E\�Bacillus VSS��� HQKDQFH� WKH� PDWXUDWLRQ� RI� GRHQMDQJ� >��@��
Freshly prepared doenjang is usually light brown and is turned to darker 
ZLWK�WLPH�>��@�

1.3.9 KANJANG

.DQMDQJ�LV�D�E\�SURGXFW�RI�.RUHDQ�IHUPHQWHG�VR\EHDQ�>������@��,W�LV�D�VDXFH�
IURP� VR\EHDQ��7UDGLWLRQDOO\�� GRHQMDQJ�� DQG� NDQMDQJ� DUH� SUHSDUHG� WKURXJK�
VLPLODU�SURFHVV��0HMX�LV�ERLOHG�LQ����RI�EULQH�DQG�LV�NHSW�IRU�LQFXEDWLRQ�DW�
a���&�IRU��±��PRQWKV�� WKHQ�WKH� OLTXLG�SDUW�RI� WKH�EULQH� LV�FDOOHG�NDQMDQJ��
1RUPDOO\�� IHUPHQWDWLRQ��DQG�PDWXUDWLRQ� WDNH�DERXW��±��PRQWKV��3URWHDVHV�
IURP�IXQJXV��Aspergillus sp. And Bacillus sp. breakdown soybean proteins 
WR�DPLQR�DFLGV��,W�FUHDWHV�XQLTXH�VDYRU\�W\SH�WDVWH�>�@��3URGXFHG�DPLQR�DFLGV�
UHDFW� ZLWK� VDFFKDULGHV�� DQG� PDODQRLGLQH� �D� EURZQ�FRORUHG� VXEVWDQFH�� LV�
JHQHUDWHG� >��@��+RZHYHU��NDQMDQJ� LV�SURGXFHG� IURP�GHIDWWHG� VR\EHDQ�DQG�
ZKHDW�IORXU��0DLQ�FRPSRQHQWV�RI�NDQMDQJ�DUH�VDFFKDULGHV��SHSWLGHV��DPLQR�
DFLGV�DQG�DOFRKRO��2UJDQLF�DFLGV�DIIHFW�WKH�RUJDQROHSWLF�SURSHUWLHV�RI�NDQMDQJ�
>����������@�
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Soybean-Based Functional Foods Through Microbial Fermentation 13

1.3.10 GOCHUJANG

*RFKXMDQJ� LV� D� WUDGLWLRQDO� .RUHDQ� VR\EHDQ� IRRG� VLPLODU� WR� NDQMDQJ�
�IHUPHQWHG� VR\� VDXFH�� DQG� GRHQMDQJ� �IHUPHQWHG� VR\� SDVWH��� 7R� SUHSDUH�
JRFKXMDQJ��JOXWLQRXV�ULFH��a����Z�Z��LV�FRQVLGHUHG�IRU�VRDNLQJ�LQ�ZDWHU�
IRU����KRXUV��6XEVHTXHQWO\��ZDWHU�LV�UHPRYHG�DQG�VRDNHG�ULFH�LV�JURXQGHG��
0DOW� LV� VRDNHG� LQ�ZDWHU� �a��Z�Z�� IRU���KRXUV�DQG� LV�ERLOHG�DW�a����&��
6XEVHTXHQWO\��ZDWHU� LV� ILOWUDWHG� IURP� WKH�ERLOHG�PDOW��$�PL[WXUH�RI�PDOW�
DQG�JOXWLQRXV�ULFH� LV�ERLOHG�ZLWK�ZDWHU� IRU����PLQXWHV��6XEVHTXHQWO\�� LWV�
WHPSHUDWXUH� LV� UHGXFHG� IURP� a����&WR� URRP� WHPSHUDWXUH� �a���&��� ,Q�
QH[W�VWHS��WKLV�LWHP�LV�KHDWHG�DW����&�WR�DOORZ�VDFFKDULILFDWLRQ�>���������@��
3RZGHUHG�PHMX� ������Z�Z�� >�@�� VDOW� �������Z�Z�� >��@� DQG� UHG� SHSSHU�
������Z�Z��>���@�DUH�DGGHG�WR�WKH�PL[WXUH��7KLV�PL[WXUH�LV�IHUPHQWHG�IRU�
�±��PRQWKV�>��@��0HMX�LV�XVHG�DV�D�VWDUWHU�FXOWXUH�IRU�JRFKXMDQJ�SUHSDUD-
WLRQ��7KH�LPSRUWDQW�EDFWHULD�LQ�PHMX�IRU�JRFKXMDQJ�SUHSDUDWLRQ�DUH�Bacillus 
licheniformis, Bacillus pumilus, and Bacillus subtilis. 7KH�PLFURRUJDQLVPV�
SUROLIHUDWH� LQ� PHMX� DQG� WKHLU� V\QWKHVL]HG� HQ]\PHV� K\GURO\]H� SURWHLQ� LQ�
VR\EHDQ�DQG�VWDUFK�LQ�ZKHDW��7KH�WLPH�IRU�QDWXUDO�IHUPHQWDWLRQ�ZLWK�ZLOG�
PLFURRUJDQLVPV� WR�SUHSDUH� WUDGLWLRQDO�JRFKXMDQJ�PHMX�XVXDOO\� WDNHV��±��
PRQWKV��$IWHU�IHUPHQWDWLRQ��WKH�UHPDLQLQJ�VROLG�SDUW�LV�GULHG�DQG�WKH�SXOYHU-
L]HG�VXEVWDQFHV�DUH�FRQVLGHUHG� IRU�SUHSDUDWLRQ�RI�JRFKXMDQJ��'XULQJ� WKH�
IHUPHQWDWLRQ��SURWHLQV��DQG�VWDUFK�DUH�FRQYHUWHG�WR�VHYHUDO�ELRPROHFXOHV��
WKXV�FUHDWLQJ�DQ�XPDPL��VDYRU\��DQG�VZHHW�IODYRU�>���������@��0HWKRGROR-
JLHV�IRU�SUHSDUDWLRQ�RI�FKXQJNXNMDQJ��GRHQMDQJ��JRFKXMDQJ��DQG�NDQMDQJ�
are presented in Figure 1.9.

1.3.11 SOY YOGURT

2QH�RI�PRVW�FRPPRQ�VR\EHDQ�EDVHG�IRRG� LV�VR\�\RJXUW��6R\EHDQ�PLON� LV�
SURGXFHG� E\� EODQFKLQJ� RI� FUXGH� VR\EHDQ� PLON�� GHKXOOLQJ�� EOHQGLQJ�� DQG�
VXEVHTXHQWO\� ILOWUDWLRQ� RI�PLON� WR� UHPRYH� WKH� VXVSHQGHG� VROLGV� DQG� VROLG�
SDUWV��6XEVHTXHQWO\��VR\�PLON�DORQJ�ZLWK�VXFURVH�DUH�SDVWHXUL]HG�DW�WHPSHUD-
WXUH����&�IRU����PLQXWHV�DQG�VXEVHTXHQWO\�LW�LV�FRROHG�WR����&�

6R\� \RJXUW� LV� SUHSDUHG� E\� IHUPHQWDWLRQ� RI� VR\EHDQ� PLON� ZLWK� DFLG�
IRUPLQJ�/$%��VXFK�DV��Lactobacillus bulgaricus and Streptococcus ther-
mophiles). During fermentation, LAB produce organic acids, which help 
to reduce the pH of milk. At isoelectric point, soybean proteins are coagu-
lated creating the gel >������@��7R�LPSURYH�WKH�WH[WXUH�RI�\RJXUW��VWDUFK�LV�
DGGHG�GXULQJ�SUH�IHUPHQWDWLRQ�RU�SRVW�IHUPHQWDWLRQ�SURFHVV��)HUPHQWDWLRQ�
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14 Plant-Based Functional Foods and Phytochemicals

SURFHVV�LV�SHUIRUPHG�IRU���KRXUV�ZLWK�VWDUWHU�FXOWXUH�DW����&��6XEVHTXHQWO\��
VRIW�JHO�RI�\RJXUW� LV�FRQVLGHUHG�IRU�PDWXUDWLRQ�RI� WH[WXUH�DW�a��&�IRU����
KRXUV�>��@��,Q�)LJXUH�������VWHSV�IRU�SUHSDUDWLRQ�RI�VR\EHDQ�EDVHG�\RJXUW�
are presented.

FIGURE 1.9 3URFHVV�IRU�SUHSDUDWLRQ�RI�FKXQJNXNMDQJ��NDQMDQJ��GRHQMDQJ��DQG�JRFKXMDQJ�
Source: 6HOI�GHYHORSHG�ZLWK�FRQFHSWV�IURP�5HIV��>���������@�

FIGURE 1.10 3UHSDUDWLRQ�RI�VR\�\RJXUW�
Source: 6HOI�GHYHORSHG�ZLWK�FRQFHSWV�IURP�5HIV��>����������@�
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Soybean-Based Functional Foods Through Microbial Fermentation 15

1.4 BIOLOGICAL ACTIVITIES OF SOYBEAN-BASED FERMENTED 
FOODS

&RQVXPSWLRQ�RI�VR\EHDQ�EDVHG�IHUPHQWHG�IRRGV�RIIHUV�PDQ\�SK\VLRORJLFDO�
HIIHFWV� WR� FRQVXPHUV��6R\EHDQ�EDVHG� IRRG�SURGXFWV� DUH�JHQHUDOO\�PDLQ�RU�
VLGH�GLVKHV�LQ�&KLQD��-DSDQ��DQG�.RUHD�>����������@��5HFHQWO\��VR\EHDQ�EDVHG�
IRRG� SURGXFWV� KDYH� EHHQ� LQWURGXFHG� LQ� GLHW� DPRQJ� ZHVWHUQ� FRPPXQLWLHV�
>���� ���@�� 7KH� LVRIODYRQHV� DQG� SHSWLGHV� LQ� VR\EHDQ�EDVHG� IHUPHQWHG�
IRRGV� DUH� UHVSRQVLEOH� IRU� RIIHULQJ� WKHUDSHXWLF� DFWLYLWLHV� >���� ���� ���� ����
��@��&RQVXPSWLRQ�RI� VR\EHDQ�EDVHG� IRRG�SURGXFWV� DUH� UHFRJQL]HG� IRU� WKH�
UHGXFWLRQ� RI� RFFXUUHQFH� RU� VHYHULW\� RI� VHYHUDO� GLVHDVHV� DQG� RIIHU� PRGHVW�
KHDOWK� EHQHILWV� >���� ���� ���� ���� ���� ���@��7KH� WKHUDSHXWLF� DFWLYLWLHV� �VXFK�
DV��DQWL�REHVLW\��DQWL�DQJLRWHQVLQ�FRQYHUWLQJ�HQ]\PH�DFWLYLW\��DQWL�R[LGDWLRQ�
DFWLYLW\��DQWL�PLFURELDO�DFWLYLW\�DQG�DQWL�FDQFHU�DFWLYLW\��KDYH�EHHQ�RIIHUHG�
E\�VR\EHDQ�EDVHG�IHUPHQWHG�IRRGV�DQG�SHSWLGHV�DUH�GLVFXVVHG�LQ�WKLV�VHFWLRQ�
(Figure 1.11).

FIGURE 1.11 %LRORJLFDO�DFWLYLWLHV��SURYLGHG�E\�GLIIHUHQW�W\SHV�RI�VR\EHDQ�EDVHG�IHUPHQWHG�
IRRG�SURGXFWV�
Source: 6HOI�GHYHORSHG�ZLWK�FRQFHSWV�IURP�5HIV��>��������������������������@�
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16 Plant-Based Functional Foods and Phytochemicals

1.4.1 ANTI-OBESITY ACTIVITY

2EHVLW\�RU�RYHUZHLJKW�LV�VWURQJO\�FRUUHODWHG�ZLWK�WKH�FRQVXPSWLRQ�RI�KLJK�
FDORULF� IRRG�� G\VOLSLGHPLD� �DFFXPXODWLRQV� RI� WULJO\FHULGH� DQG� FKROHVWHURO�
LQ� V\VWHPV�DQG�RUJDQV��DQG�GLDEHWHV�� ,W� LV� DOVR� UHODWHG� WR�KHUHGLW\� >�����@��
ODFN�RI�SK\VLFDO�PRYHPHQW��HQGRFULQH�GLVRUGHUV�DQG�PHGLFDWLRQV��,I�REHVLW\�
DVVRFLDWHG�GLVRUGHUV�DUH�QRW�FRQVLGHUHG�DV�VHULRXV�LVVXH��LW�FDQ�OHDG�WR�OLIH�
WKUHDWHQLQJ�VLWXDWLRQV�>��������@�

1.4.2 OPIOID ACTIVITY

6R\EHDQ�GHULYHG� SHSWLGHV� KDYH� DFWLYLW\� RQ� QHUYHV� V\VWHP�� 7KH� ȕ�VXEXQLW�
RI� VR\EHDQ� SURWHLQ� ȕ�FRQJO\FLQLQ� FRQWDLQV� WKH� VHTXHQFH� 7KU�3UR�3KH�9DO�
�DQ� RSLRLG� SHSWLGH�ZLWK�PRUSKLQH�OLNH� DFWLYLW\��� 7KUHH� SHSWLGHV� �VXFK� DV��
7KU�3UR�3KH�9DO�9DO�� 7KU�3UR�3KH�9DO�9DO�$VQ�� DQG� 7KU�3UR�3KH�9DO�9DO�
$VQ�$OD��ZLWK�DQ[LRO\WLF�DFWLYLW\�KDYH�EHHQ�LGHQWLILHG��7KHVH�SHSWLGHV�FDQ�
VXSSUHVV� WKH�XUJH�RI� IRRG� LQWDNH�DQG�VPDOO� LQWHVWLQDO� WUDQVLW��)XUWKHUPRUH��
7KU�3UR�3KH�9DO�9DO�KDV� LQIOXHQFH�RQ�RUDO� IRRG� LQWDNH��EORRG�JOXFRVH�DQG�
WULJO\FHULGH� OHYHOV�� 6LPLODUO\�� ȕ�FRQJO\FLQLQ�GHULYHG� SHSWLGH� �9DO�$UJ�,OH�
$UJ�/HX�/HX�*OQ�$UJ�3KH�$VQ�/\V�$UJ�6HU�� FDQ� VXSSUHVV� WKH� XUJH� IRU�
IRRG�LQWDNH�DQG�JDVWULF�HPSW\LQJ�>�����@�

1.4.3 ANTI-DYSLIPIDEMIC ACTIVITY

7KH�VR\EHDQ�GHULYHG�ELRDFWLYH�SHSWLGHV�FDQ�UHGXFH�WKH�ULVN�RI�G\VOLSLGHPLD�
�DFFXPXODWLRQ� RI� FKROHVWHURO� DQG� WULJO\FHULGHV�� 7KHLU� DFFXPXODWLRQV� DUH�
UHFRJQL]HG�DV�RQH�RI�WKH�FDXVHV�RI�REHVLW\�>������������������@�

6R\EHDQ�GHULYHG�SHSWLGHV�FDQ�UHGXFH�OLSLG�V\QWKHVLV�DQG�OLSLG�DFFXPXOD-
WLRQ�WKURXJK�YHUVDWLOH�PHFKDQLVPV��)ROORZLQJ�SHSWLGHV�KDYH�EHHQ�LGHQWL¿HG�
IRU�ELRFKHPLFDO�DFWLYLWLHV�>��������������@��VXFK�DV�

• 5HGXFH�OLSRSURWHLQ�OLSDVH�DFWLYLW\�
• /RZHU�DFWLYLW\�RI�IDWW\�DFLGV�V\QWKDVH�
• 6XSSUHVV�WKH�R[LGDWLYH�VWUHVV�
• 5HGXFH�WKH�JURZWK�RI�SUHDGLSRF\WHV�
• 5HGXFH� WKH�DFWLYLWLHV�RI� VWHURO� UHJXODWRU\�HOHPHQW�ELQGLQJ�SURWHLQV�

�F��SHUR[LVRPH�SUROLIHUDWRU�DFWLYDWHG�UHFHSWRU�JDPPD�DQG�IDWW\�DFLG�
V\QWKDVH�VHYHUDO�GL�SHSWLGHV��VXFK�DV��/\V�$OD��9DO�/\V��DQG�6HU�7\U�
>��@�� WUL�SHSWLGH� 3UR�*O\�3UR� >��@�� WHWUD�SHSWLGH� /HX�3UR�7\U�3UR�
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Soybean-Based Functional Foods Through Microbial Fermentation 17

>��@�� DQG� ORQJ�FKDLQ� SHSWLGH� �VXFK� DV�� /HX�3UR�7\U�3UR�$UJ� >��@��
,OH�$OD�9DO�3UR�*O\�*OX�9DO�$OD�� ,OH�$OD�9DO�3UR�7KU�*O\�9DO�$OD�
>������@��

,Q� )LJXUH� ������ ELRFKHPLFDO� PHFKDQLVPV� RI� DQWL�G\VOLSLGHPLF� DFWLYLW\�
GXH�WR�VR\EHDQ�GHULYHG�SHSWLGHV�DUH�SUHVHQWHG�

FIGURE 1.12 %LRFKHPLFDO�PHFKDQLVPV�RI�DQWL�G\VOLSLGHPLF�DFWLYLW\�RIIHUHG�E\�VR\EHDQ�
GHULYHG�SHSWLGHV�
Source: 6HOI�GHYHORSHG�ZLWK�FRQFHSWV�IURP�5HIV��>�������������@�

1.4.4 ANTI-DIABETIC ACTIVITY

6HYHUDO�VR\EHDQ�GHULYHG�SHSWLGHV�KDYH�DQWL�GLDEHWLF�DFWLYLW\�LQ�DGGLWLRQ�WR�
WKHLU�DQWL�REHVLW\�DFWLYLW\�>����������@��6R\EHDQ�GHULYHG�SHSWLGHV��VXFK�DV��
/HX�3UR�7\U�3UR�� ,VR�$OD�9DO�3UR�*O\�*OX�9DO�DOD�� DQG� ,VR�$OD�9DO�3UR�
7KU�*O\�9DO�$OD�� KHOS� JOXFRVH�PHWDEROLVP� E\� VXSSRUWLQJ� JOXFRVH� XSWDNH�
LQ� OLYHU� FHOOV� E\� DFWLYDWLRQ� RI� JOXFRVH� WUDQVSRUWHUV� �*/87� �� DQG� */87�
��� >�@�� 7KH� SHSWLGH�� ,VR�$OD�9DO�3UR�7KU�*O\�9DO�$OD�� LQKLELWV� DFWLYLW\� RI�
GLSHSWLG\O�SHSWLGDVH�,9�WKDW�LV�UHVSRQVLEOH�IRU�K\GURO\VLV�RI�SHSWLGH�KRUPRQH�
glucagon-like peptide-1 and glucose-dependent insulinotropic polypeptide 
>��@�� )XUWKHUPRUH�� VR\EHDQ�GHULYHG� SHSWLGHV� FDQ� VXSSUHVV� WKH� DFWLYLW\� RI�
Į�JOXFRVLGDVH�WKDW�LV�ORFDWHG�DW�EUXVK�ERUGHU�RI�WKH�HQWHURF\WHV�RI�MHMXQXP�LQ�
VPDOO�LQWHVWLQH��,W�LV�D�NH\�HQ]\PH�IRU�SURGXFLQJ�PRQRVDFFKDULGH�DQG�WKHLU�
absorption on the gut-wall.
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18 Plant-Based Functional Foods and Phytochemicals

,QKLELWLRQ� RI� Į�JOXFRVLGDVH� DFWLYLW\� D൵HFWV� VHFUHWLRQ� DQG� DFWLYLW\� RI�
JOXFDJRQ�OLNH�SURWHLQ����7KHUHIRUH�� LW� FDQ� VXSSUHVV�SRVWSUDQGLDO�K\SHUJO\-
FHPLD� >�@�� 6R\EHDQ�GHULYHG� SHSWLGHV� FRQWURO� WKH� GLDEHWHV� E\� FRQWUROOLQJ�
DSSHWLWH�WKURXJK�UHJXODWLQJ�WKH�KRUPRQHV��VXFK�DV��JKUHOLQ��&&.��DQG�SHSWLGH�
<<�>����������@��$OVR��VR\EHDQ�GHULYHG�SHSWLGHV�FDQ�SURWHFW�SDQFUHDV�DQG�LWV�
DFWLYLW\�IURP�LQÀDPPDWLRQ�DQG�R[LGDWLYH�VWUHVV�>�@��,W�KDV�EHHQ�UHSRUWHG�WKDW�
VR\EHDQ�EDVHG�IHUPHQWHG�IRRG�SURGXFWV��VXFK�DV��QDWWR�>���@��FKXQJNRRN-
MDQJ�>����������@��DQG�WDXFKL�>��@��ZHUH�DEOH�WR�UHGXFH�WKH�ULVNV�RI�GLDEHWHV�
LQ�KXPDQV�DQG�PRXVH�PRGHOV��,Q�)LJXUH�������ELRFKHPLFDO�PHFKDQLVPV�RI�
DQWL�GLDEHWLF�DFWLYLW\�GXH�WR�VR\EHDQ�GHULYHG�SHSWLGHV�DUH�SUHVHQWHG�

FIGURE 1.13 %LRFKHPLFDO�PHFKDQLVPV�RI�DQWL�GLDEHWLF�DFWLYLW\�RIIHUHG�E\�VR\EHDQ�GHULYHG�
peptides.
Source: 6HOI�GHYHORSHG�ZLWK�FRQFHSWV�IURP�5HIV��>�������������@�

1.4.5 ANTI-ANGIOTENSIN CONVERTING ENZYME ACTIVITY

'XH� WR� SUHVHQFH� RI� DQ� DQJLRWHQVLQ�FRQYHUWLQJ� HQ]\PH� �$&(�� LQ� VR\EHDQ�
SURGXFWV��$QJLRWHQVLQ�,�LV�FRQYHUWHG�WR�$QJLRWHQVLQ�,,�LQ�WKH�UHQQLQ�DQJLR-
WHQVLQ�SDWKZD\��ZKLFK�SURPRWHV�YDVRFRQVWULFWLRQ�DQG�KLJK�EORRG�SUHVVXUH�
�%3���$OVR��$&(� VXSSRUWV� WKH� WUDQVIRUPDWLRQ� RI� EUDG\NLQLQ� LQWR� LQDFWLYH�
PHWDEROLWHV�>��@�

6HYHUDO�GL�SHSWLGHV��VXFK�DV��$OD�7US��*O\�7US��$OD�7\U��6HU�7\U��*O\�7\U��
$OD�3KH�� 9DO�3UR�� $OD�,OH�� DQG� 9DO�*O\� >��@�� DQG� WUL�SHSWLGHV� �VXFK� DV��
9DO�3UR�3UR��,OH�3UR�3UR��$OD�3KH�+LV��,OH�3KH�/HX��,OH�3KH�7\U��/HX�3KH�
7\U��+LV�+LV�/HX�>�����@��ZLWK�DQJLRWHQVLQH�FRQYHUWLQJ�LQKLELWRU\�DFWLYLW\�
KDYH� EHHQ� LGHQWL¿HG� LQ� VHYHUDO� VR\EHDQ�EDVHG� IHUPHQWHG� IRRG� SURGXFWV�

A
pp

le
 A

ca
de

m
ic

 P
re

ss

A
ut

ho
r C

op
y

Non Commercial Use



Soybean-Based Functional Foods Through Microbial Fermentation 19

>���������@��)XUWKHUPRUH��WKH�DQJLRWHQVLQ�FRQYHUWLQJ�LQKLELWRU\�DFWLYLW\�RI�
VHYHUDO�ORQJ�FKDLQ�SHSWLGHV��H�J���$OD�$VS�3KH�9DO�/HX�$VS�$VQ�*OX�*O\�
$VQ�3KH�/HX�*OX�$VQ*O\�*O\�7KU�7\U�7\U�,OH��3KH�3KH�7\U�7\U��7\U�9DO�
9DO�3KH�/\V��DQG�/OH�3UR�3UR�*O\�9DO�3UR�7U\�7US�7KU��LQ�VR\EHDQ�EDVHG�
IHUPHQWHG� IRRGV� KDYH� EHHQ� LQYHVWLJDWHG� >��@�� ,Q� SHSWLGH� FKDLQ�� SUHVHQFH�
RI�9DO��$OD��,OH�DW� WKH�1�WHUPLQDO�HQG�DQG�3UR�DW� WKH�&�WHUPLQDO�HQG�KDYH�
EHHQ� UHFRJQL]HG� IRU�SRWHQWLDO�RI�$&(� LQKLELWRU\�DFWLYLW\� >�@��)LJXUH������
VKRZV�ELRFKHPLFDO�PHFKDQLVPV�RI�YDVRGLODWLRQ�DQG�YDVRFRQVWULFWLRQ� WKDW�
DUH�R൵HUHG�E\�VR\EHDQ�GHULYHG�SHSWLGHV�

FIGURE 1.14 %LRFKHPLFDO�PHFKDQLVPV�RI� YDVRGLODWLRQ� DQG� YDVRFRQVWULFWLRQ� RIIHUHG� E\�
VR\EHDQ�GHULYHG�SHSWLGHV�
Source: 6HOI�GHYHORSHG�ZLWK�FRQFHSWV�IURP�5HIV��>�����������������@�

1.4.6 ANTI-OXIDATION ACTIVITY

$QWLR[LGDQWV�KHOS�WR�SURWHFW�FHOOV�DJDLQVW�R[LGDWLYH�VWUHVV��)UHH�UDGLFDOV��VXFK�
DV��UHDFWLYH�R[\JHQ�VSHFLHV�SHUR[LGHV��VXSHUR[LGH��K\GUR[\O�UDGLFDO��VLQJOHW�
R[\JHQ�� DQG�DOSKD�R[\JHQ��DQG� UHDFWLYH�QLWURJHQ� VSHFLHV� �QLWULF�R[LGH�� DV�
PHWDEROLF� E\SURGXFWV� DUH� SURGXFHG� GXH� WR� XQKHDOWK\� OLIHVW\OH�� VPRNLQJ��
KLJK�DOFRKRO�FRQVXPSWLRQ��RYHU�VWUHVV��LQIODPPDWLRQ��VXIIHULQJ�ZLWK�FKURQLF�
PHWDEROLF�GLVHDVH��7KHLU�JHQHUDWLRQ�DQG�DFFXPXODWLRQ�DUH�FDXVH�RI�R[LGDWLYH�
GDPDJH� RI� FHOO� RUJDQHOOHV�� LQFOXGLQJ�'1$��$QWLR[LGDQWV� RSHUDWH� E\� WULJ-
JHULQJ� DQG�QHXWUDOL]LQJ� IUHH� UDGLFDOV� LQ� FHOO� WKURXJK� �D�� GRQDWLQJ� HOHFWURQ�
DQG��E��DFWLYDWLRQ�RI�WUDQVFULSWLRQ�IDFWRU�'$)����>�����@�

6R\EHDQ�GHULYHG�ELRDFWLYH�SHSWLGHV�SOD\DV�DQWL�R[LGDQWV�LQ�GDPDJHG�RU�
XQKHDOWK\�FHOOV�WKDW�DUH�XQGHU�R[LGDWLYH�VWUHVV��$V�DQWLR[LGDQWV��LVRÀDYRQHV��
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20 Plant-Based Functional Foods and Phytochemicals

DQG� OXQDVLQ�PD\� VXSSUHVV� ULVN� RI� FDQFHU� E\� LQKLELWLQJ�'1$� GDPDJH� >�@��
*HQLVWHLQ�DPRQJ�DOO�RI�VR\EHDQ�LVRÀDYRQHV�PLJKW�VXSSRUW�WKH�V\QWKHVLV�DQG�
DFWLYLW\�RI�DQWLR[LGDQW�HQ]\PH�VXSHUR[LGH�GLVPXWDVH��62'���ZKLFK�LQKLELW�
DFFXPXODWLRQV�DQG�DFWLYLWLHV�RI�IUHH�UDGLFDOV�>��@��'XH�WR�HQ]\PDWLF�K\GUR-
O\VLV�RI�VR\�SURWHLQ��PRUH�5�JURXSV�LQ�SHSWLGH�FKDLQ�DUH�H[SRVHG��ZKLFK�R൵HU�
IUHH�UDGLFDO�VFDYHQJLQJ��7KH�&��RU�1�WHUPLQDO�HQG�DPLQR�DFLGV�LQ�ELRDFWLYH�
SHSWLGH�VHTXHQFH�GRQDWH�HOHFWURQV�WR�IUHH�UDGLFDOV�DQG�QHXWUDOL]H�WKH�DFWLYLW\�
RI�UHDFWLYH�R[\JHQ�VSHFLHV�DQG�SURWHFW�WKH�FHOOV�DQG�WLVVXHV�IURP�R[LGDWLYH�
GDPDJH�>������@��$QWL�R[LGDWLRQ�DFWLYLW\�LQ�VHYHUDO�VR\EHDQ�EDVHG�IHUPHQWHG�
IRRG�SURGXFWV��VXFK�DV��VR\�PLON�>���@��JRFKXMDQJ�>���@��NLQHPD�>��@��VR\�
VDXFH�>��@��GDXFKL�>���@��DQG�NDQMDQJ�>��@��KDYH�EHHQ�YDOLGDWHG��)LJXUH������
LQGLFDWHV�ELRFKHPLFDO�PHFKDQLVPV�RI�DQWL�R[LGDWLRQ�DFWLYLW\�WKDW�DUH�EHLQJ�
R൵HUHG�E\�VR\EHDQ�GHULYHG�SHSWLGHV�

FIGURE 1.15 %LRFKHPLFDO�PHFKDQLVP�RI�DQWL�R[LGDWLRQ�DFWLYLW\�RI�VR\EHDQ�GHULYHG�SHSWLGHV�
Source: 6HOI�GHYHORSHG�ZLWK�FRQFHSWV�IURP�5HIV��>���������@�

1.4.7 ANTI-MICROBIAL ACTIVITY

0XOWLGUXJ�UHVLVWDQW� PHFKDQLVPV� E\� FKHPLFDOO\� V\QWKHVL]HG� DQWLPLFURELDO�
FRPSRXQGV�DUH�>�������@�DUH�

• *HQHWLF� PRGLILFDWLRQV�� VXFK� DV�� �L�� PXWDWLRQDO� UHVLVWDQFH�� DQG� �LL��
KRUL]RQWDO�JHQH�WUDQVIHU�

• 0HFKDQLVWLF�EDVHG�PRGLILFDWLRQV��VXFK�DV���L��SDUWLDOO\�PRGLILFDWLRQV�LQ�
WKH�DQWLELRWLF�PROHFXOH���LL��GHFUHDVH�DQWLELRWLF�SHQHWUDWLRQ�DQG�HIIOX[��
�LLL��FKDQJHV�LQ�WDUJHW�VLWHV��DQG��LY��JOREDO�FHOO�DGDSWDWLRQV�

%LRDFWLYH� SHSWLGHV� GLVSOD\� DQWL�EDFWHULDO�� DQWL�YLUDO�� DQWL�IXQJDO�� DQG�
RU�DQWL�SDUDVLWLF�DFWLYLWLHV��7KH\�RIWHQ�SOD\�D�PDMRU�UROH�LQ�LQQDWH�LPPXQLW\�
>��@��6RPH�VR\EHDQ�EDVHG�SHSWLGHV�R൵HU�DQWL�PLFURELDO�DFWLYLWLHV��6LPLODU�WR�
WKH� DQWL�PLFURELDO�PHFKDQLVP� RI� DQWLELRWLFV�� DQWL�EDFWHULDO� SHSWLGHV� GR� QRW�
LQKLELW�EDFWHULDO�SHSWLGRJO\FDQ�V\QWKHVLV�RU�JHQHWLF�WUDQVIRUPDWLRQ��,QVWHDG��
they bind with membrane proteins and create complex as a primary step in 
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WKH�DQWLPLFURELDO�PHFKDQLVP�>���@��7KH\�PDNH�SRUHV�LQ�FHOO�OD\HU�PHPEUDQH�
IURP�FHOOXODU�LWHPV��FHOO�RUJDQHOOHV��DQG�DUH�OHDNHG�WR�DELRWLF�SKDVH�>��������@��
,W� KDV� EHHQ� UHSRUWHG� WKDW� WKH� DQWL�EDFWHULDO�PHFKDQLVP� RI� VR\EHDQ�GHULYHG�
peptide is detergent-like. Phospholipids in cellular membrane, teichoic acid 
DQG�OLSRWHLFKRLF�DFLGV�LQ�SHSWLGRJO\FDQV�RI�*UDP�SRVLWLYH�EDFWHULD�SDUWLFLSDWH�
LQ�HOHFWURVWDWLF�LQWHUDFWLRQ�ZLWK�IXQFWLRQDO�JURXSV�RI�SHSWLGHV�IURP�VR\EHDQ�
>��@��,QWHUDFWLRQ�EHWZHHQ�DQWL�EDFWHULDO�SHSWLGHV�ZLWK�F\WRSODVPLF�PHPEUDQH�
IUHTXHQWO\�OHDG�WR�OLSLG�VHJUHJDWLRQ�LQ�FHOO�PHPEUDQH��ZKLFK�D൵HFWV�PHPEUDQH�
SHUPHDELOLW\�� LQKLELWV� FHOO� GLYLVLRQ� DQG� OHDGV� WR� GHORFDOL]DWLRQ� RI� HVVHQWLDO�
PHPEUDQH�SURWHLQV�>���@��,W�ZDV�UHSRUWHG�WKDW�WKH�OHYHO�RI�ELQGLQJ�RI�SHSWLGHV�
ZLWK�EDFWHULDO�FHOO�PHPEUDQH�GHSHQGV�RQ�WKH�VHTXHQFH�DQG�FRQFHQWUDWLRQ�RI�
DQWLPLFURELDO�SHSWLGHV�DQG�QDWXUH�RI�WKH�EDFWHULDO�FHOO�PHPEUDQH�>��@�

$QWL�PLFURELDO�DFWLYLW\�RI�FRQJO\FLQLQ��DQG�JO\FLQLQ�GHULYHG�SHSWLGHV�KDV�
EHHQ�SURYHQ�DJDLQVW�ERWK�*UDP�QHJDWLYH�DQG�*UDP�SRVLWLYH�EDFWHULD� >���@��
'KD\DNDUDQ�HW�DO��>��@�IRXQG�WKDW�VR\EHDQ�EDVHG�SHSWLGHV��VXFK�DV��SUR�JO\�
WKU�DOD�YDO�SKH�O\V�DQG�LVR�O\V�DOD�SKH�O\V�JOX�DOD�WKU�O\V�YDO�DVS�O\V�YDO�YDO�
YDO�OXF�WU\�WKU�DOD�� KDYH� VLJQL¿FDQW� H൵HFWV� DJDLQVW� Listeria monocytogenes 
and Pseudomonas aeruginosa�>��@��$QWL�EDFWHULDO�DFWLYLW\�RI�WHPSHK�>��@�DQG�
PLVR�>��@�KDYH�EHHQ�SURYHQ��)LJXUH������VKRZV�WKH�ELRFKHPLFDO�PHFKDQLVP�RI�
DQWL�PLFURELDO�DFWLYLW\��R൵HUHG�E\�VR\EHDQ�GHULYHG�SHSWLGHV�

FIGURE 1.16 %LRFKHPLFDO�PHFKDQLVP�RI�DQWL�PLFURELDO�DFWLYLW\��RIIHUHG�E\�VR\EHDQ�GHULYHG�
peptides.
Source: 6HOI�GHYHORSHG�ZLWK�FRQFHSWV�IURP�5HIV��>�������@�
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1.4.8 ANTI-CANCER ACTIVITY

&DQFHU� LV� SDUWLDOO\� UHODWHG� WR� DFWLYDWLRQ� RI� SUR�LQIODPPDWRU\� DJHQWV�� SUR�
R[LGDQW�� DQG� LPPXQRVXSSUHVVLYH�PHFKDQLVPV� WKDW� DUH�SURQH� WR�JURZWK�RI�
WLVVXHV�LQ�DQ�DEQRUPDO�ZD\�DQG�RIWHQ�IRUPDWLRQ�RI�WXPRU�>���������@��6HYHUDO�
UHVHDUFK�VWXGLHV�KDYH�VKRZQ�WKDW�VRPH�VR\EHDQ�GHULYHG�SHSWLGHV�RIIHU�DQWL�
FDQFHU�DFWLYLW\�>������������������@��0DLQO\�WZR�SHSWLGHV��NQRZQ�DV�OXQDVLQ�
>������������������@�DQG�%RZPDQ�%LUN�LQKLELWRU�>����������@��KDYH�VKRZQ�WR�
KDYH�DQWL�FDQFHU�SURSHUWLHV�

%RZPDQ�%LUN�LQKLELWRU�VXSSUHVVHV�UHDFWLYH�R[\JHQ�VSHFLHV�LQGXFHG�PLWR-
FKRQGULDO�GDPDJH�DIWHU�SURWHDVRPDO�LQKLELWLRQ�DQG�DQJLRJHQHVLV�>����������@��
Amino acid sequence in lunasin peptide is almost similar to Bowman-Birk 
LQKLELWRU��6WUXFWXUDOO\��OXQDVLQ�LV����DPLQR�DFLG�KDYLQJ�QLQH�DVSDUWLF�DFLG�UHVLGXHV�
DW�WKH�&�WHUPLQDO�HQG�ZLWK�D�FHOO�DGKHVLRQ�PRWLI�SUHFHGLQJ�WR�LW��7UL�SHSWLGH�5*'�
�$UJ�*O\�$VS��IURP�WKH�VHTXHQFH�KHOSV�LWV�ELQGLQJ�ZLWK�WKH�QRQ�DFHW\ODWHG�+��
DQG�+��KLVWRQHV�WR�SUHYHQW�WKHLU�DFHW\ODWLRQ�DQG�DQWL�FDUFLQRJHQLF�DFWLYLW\�>����
��@��,W�KDV�EHHQ�UHSRUWHG�WKDW�%RZPDQ�%LUN�LQKLELWRU�KDV�D�UROH�LQ�WKH�SURWHFWLRQ�
RI�OXQDVLQ�IURP�JDVWURLQWHVWLQDO�GHJUDGDWLRQ�>������@�

6R\EHDQ�GHULYHG� SHSWLGH� KDV� DQWL�FDQFHU� DQG� DQWL�R[LGDWLRQ� DFWLYL-
WLHV� >���� ���� ��@�� 3UHVHQFH� RI� VPDOO� DPRXQW� RI� IUHH� UDGLFDOV� LQ� WLVVXHV�
LQFUHDVHV� WKH� ULVN� RI� FHOO� GDPDJH� LQ�'1$��ZKLFK� OHDGV� WR� LQFUHDVH� WKH�
ULVNV� RI� FDQFHU� >��@�� 6R\EHDQ�EDVHG� IHUPHQWHG� IRRG� SURGXFWV� �VXFK� DV��
VR\� VDXFH�� QDWWR�� HWF���� LQFUHDVH� WKH� DFWLYLW\� RI� QDWXUDO� NLOOHU� FHOOV� DQG�
F\WRNLQH� UHJXODWLRQ� >��@�� 6R\EHDQ�GHULYHG� SHSWLGHV� �VXFK� DV�� OXQDVLQ��
DQG� RWKHU� VLPLODU� SHSWLGHV� LQKLELW� LQÀDPPDWLRQ� LQ� OLSRSRO\VDFFKDULGH�
LQGXFHG�PDFURSKDJHV��,W�VXSSUHVVHV�WKH�QXFOHDU�IDFWRU�NDSSD�%�IRUPDWLRQ�
SDWKZD\�� )XUWKHUPRUH�� LW� KDV� EHHQ� SURYHQ� WKDW� SHSWLGH� �ZLWK�PROHFXODU�
ZHLJKW���N'D��PD\�LQKLELW�WKH�IRUPDWLRQ�RI�PRVW�SRWHQW�SUR�LQÀDPPDWRU\�
PDUNHUV�� LQFOXGLQJ� IRUPDWLRQV�DQG�H[SUHVVLRQV�RI� LQWHUOHXNLQ����QXFOHDU�
IDFWRU�NDSSD� %�� QLWULF� R[LGH�� F\FORR[\JHQDVH���� QLWULF� R[LGH� V\QWKDVH�
�126���QXFOHDU�WUDQVORFDWLRQ��DQG�S���QXFOHDU�WUDQVORFDWLRQ�>������@��7KH�
UHVHDUFK� VWXG\� KDV� EHHQ� DWWHPSWHG� WR� SURYH� WKH� SRWHQWLDOLW\� RI� VR\EHDQ�
LVRÀDYRQHV�WR�WKH�VXSSUHVVLRQ�RI�EUHDVW�FDQFHU�>��@��GXH�WR�VR\EHDQ�EDVHG�
IRRGV�>���@��6R\�LVRÀDYRQH�VXSSOHPHQWDWLRQ�UHGXFHV�WKH�LQFUHDVH�RI�WKH�
FRQFHQWUDWLRQ�RI�VHUXP�SURVWDWH�VSHFL¿F�DQWLJHQ��36$��DORQJ�ZLWK�JURZWK�
RI�WXPRU�LQ�SURVWDWH�DQG�FDQFHU�LQ�SDWLHQWV�>���@�

7KH� ELRFKHPLFDO� DFWLYLWLHV� RI� GL൵HUHQW� VR\EHDQ�EDVHG� IHUPHQWHG� IRRG�
SURGXFWV�DUH�SUHVHQWHG�LQ�7DEOH�����
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1.5 SUMMARY

6R\EHDQ�EDVHG� IRRG� SURGXFWV� DUH� JRRG� VRXUFH� RI� HGLEOH� SURWHLQV� GXH� WR�
SUHVHQFH� RI� DOO� W\SHV� RI� HVVHQWLDO� DPLQR� DFLGV� IRU� KXPDQ� QXWULWLRQ�� 7KH�
IHUPHQWHG�VR\EHDQ�IRRGV�DUH�WHPSHK��QDWWR��VR\�VDXFH��PLVR��GRXFKL��NLQHPD��
FKHRQJJXNMDQJ��GRHQMDQJ��NDQMDQJ��JRFKXMDQJ��DQG�VR\�\RJXUW��7KH�EDFWHULD��
IXQJXV�� \HDVW�� DQG� PROG� DUH� XVHG� WR� SUHSDUH� WKHVH� SURGXFWV�� $OVR�� VXFK�
SURGXFWV� RIIHU� DQWL�REHVLW\�� DQWL�DQJLRWHQVLQ�� DQWL�R[LGDQW�� DQWL�PLFURELDO��
DQG�DQWL�FDQFHU�DFWLYLWLHV�

ACKNOWLEDGMENTS
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.RONDWD�� ,QGLD� IRU� WKH� LQIUDVWUXFWXUH� DQG� IDFLOLWLHV��7KH\� DOVR� WKDQN�5DMLE�
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HONEY-BASED POLYPHENOLS: 
EXTRACTION, QUANTIFICATION, 
BIOAVAILABILITY, AND BIOLOGICAL 
ACTIVITIES

CSILLA BENEDEK, JOHN-LEWIS ZINIA ZAUKUU, ZSANETT BODOR, 
and ZOLTAN KOVACS

CHAPTER 2

ABSTRACT

7KLV� FKDSWHU� IRFXVHV� RQ� KHDOWK�SURPRWLQJ� SK\WRFKHPLFDOV� LQ� KRQH\��
ZLWK� VSHFLDO� HPSKDVLV�RQ�SRO\SKHQROV��3RO\SKHQRO�ULFK� IRRGV�FDQ� VKLHOG�
FRQVXPHUV� IURP� ULVNV� RI� VHYHUDO� GLVHDVHV�� UHODWHG� WR� R[LGDWLYH� VWUHVV�
WKURXJK�GLYHUVH�PHFKDQLVPV��GLUHFW�DQG�LQGLUHFW���+RQH\�KDV�EHHQ�SURYHQ�
WR� KDYH� D� YDULHW\� RI� SK\WRFKHPLFDOV� WKDW� KDYH� WKH� SRWHQWLDO� WR�PRGXODWH�
physiological and biochemical routes and to redirect pathological processes. 
3RO\SKHQROV� DQG� WKHLU� VXEFODVVHV� �HVSHFLDOO\� IODYRQRLGV�� SKHQROLF� DFLGV��
DQG� WKHLU� GHULYDWLYHV�� DUH� WKH�PRVW� SRZHUIXO� QXWUDFHXWLFDOV� LQ� KRQH\��7R�
H[SORUH�SRWHQWLDO�EHQHILWV��RQH�PXVW�KDYH�D�FOHDU�RYHUYLHZ�RI� WKH�RFFXU-
UHQFH�� ELRDYDLODELOLW\�� DQG� KHDOWK� EHQHILWV� RI� WKHVH� SK\WRFKHPLFDOV� LQ�
GLIIHUHQW�KRQH\�W\SHV�ZRUOGZLGH��6HYHUDO�WUDGLWLRQDO�DQG�HQYLURQPHQWDOO\�
IULHQGO\�H[WUDFWLRQ�PHWKRGV��H�J���VXSHUFULWLFDO�IOXLG�H[WUDFWLRQ��DFFHOHUDWHG�
VROYHQW� H[WUDFWLRQ�� KDYH� EHHQ� DGDSWHG� IRU� WKH� H[WUDFWLRQ� RI� SRO\SKHQROV�
IURP� KRQH\�� $QDO\WLFDO� WHFKQLTXHV� �VXFK� DV�� KLJK�SHUIRUPDQFH� OLTXLG�
chromatography and capillary electrophoresis with diode array detection, 
XOWUD�KLJK�SHUIRUPDQFH� OLTXLG� FKURPDWRJUDSK\� ZLWK� PDVV� VSHFWURPHWU\�
detection, liquid chromatography coupled with tandem mass spectrometry) 
DUH�XVHG�WR�TXDQWLI\�WKH�SRO\SKHQROV�IURP�KRQH\��$VSHFWV�RI�ELRDYDLODELOLW\�
RI�WKH�SRO\SKHQROV�SUHVHQW�LQ�KRQH\�DUH�DOVR�RXWOLQHG��DORQJ�ZLWK�LWV�PDLQ�
health-related properties.
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2.1 INTRODUCTION

7KH� KRQH\� LV� D� FRPSOH[� IRRG�PDWUL[� DQG� DQ� RXWVWDQGLQJ� QDWXUDO� SURGXFW�
WKDW� LV�FRQVXPHG�PDLQO\� LQ� LWV�QDWLYH� IRUP�� ,W�KDV�ZLGH� UDQJH�RI�SKHQROLF�
compounds. Polyphenols are secondary plant metabolites that are charac-
WHUL]HG� E\�PXOWLSOH� FRPSOH[� RUJDQLF� VWUXFWXUHV� FRQWDLQLQJ� SKHQROLF� ULQJV��
7KHVH� QDWXUDOO\� RFFXUULQJ� SURGXFWV� H[KLELW� GLIIHUHQW� IXQFWLRQV�� GHSHQGLQJ�
RQ� WKHLU� VWUXFWXUH��7KH\� FDQ�PDLQO\� EH� JURXSHG� LQWR� IODYRQRLGV� DQG� QRQ�
IODYRQRLG�SRO\SKHQROV��ZKLFK�LQFOXGH�SKHQROLF�DFLGV��VWLOEHQHV��FRXPDULQV��
DQG�OLJQDQV��)ODYRQRLGV�DUH�ZDWHU�VROXEOH�FRPSRXQGV�KDYLQJ�ORZ�PROHFXODU�
ZHLJKW�ZLWK�DW�OHDVW�WZR�SKHQROLF�JURXSV��2+��>��@�

7KHVH� DUH� PRVWO\� SUHVHQW� LQ� QDWXUH� DV� WKH� DJO\FRQH� SDUW� RI� GL൵HUHQW�
JO\FRVLGHV�� IRUPHG�ZLWK� YDULRXV� VXJDUV�� 3KHQROLF� DFLGV� DUH� GHULYDWLYHV� RI�
HLWKHU�K\GUR[\EHQ]RLF�RU�K\GUR[\FLQQDPLF�DFLGV��FRQVWLWXWLQJ�D�VLJQL¿FDQW�
SRUWLRQ�RI�WKH�WRWDO�SKHQROLF�FRPSRXQGV�>��@��7KH�SRWHQWLDO�KHDOWK�EHQH¿WV�
DQG�QDWXUDO�H[LVWHQFH�RI�SRO\SKHQROV�LQ�KRQH\�R൵HU�RSSRUWXQLWLHV�WR�PDQ\�
researches communities sand open a new arena in diet and nutrition, phar-
maceuticals, and medicine. In botany, these compounds are mostly present 
DV�GHULYDWLYHV�RI�JO\FRVLGHV�WKDW�FDQ�EH�WUDQVIRUPHG�LQWR�DJO\FRQH�IRUPV�LQ�
KRQH\�LQ�WKH�SUHVHQFH�RI�JOXFRVLGDVH��NQRZQ�DV�EHH�HQ]\PH��>�@��)LJXUH�����
VKRZV�VRPH�FRPPRQ�H[DPSOHV�RI�SKHQROLF�DFLGV�DQG�ÀDYRQRLGV��LGHQWL¿HG�
LQ�GLYHUVH�W\SHV�RI�KRQH\V�

Polyphenols are regarded as important markers in honey because their 
SUHVHQFH�LQ�KRQH\�LV�GHSHQGHQW�RQ�PDQ\�IDFWRUV��VXFK�DV��ERWDQLFDO�RULJLQ��
HQ]\PDWLF�DFWLYLW\�IURP�GL൵HUHQW�EHH�VSHFLHV��DQG�HQYLURQPHQWDO�FRQGLWLRQV��
7KH� FRPSOH[LW\� RI� KRQH\� DV� D� PDWUL[�� ZKHUH� WKH� WDUJHW� DQDO\WHV� �L�H���
SRO\SKHQROV���DUH�SUHVHQW�LQ�UDWKHU�ORZ�FRQFHQWUDWLRQV����±�����J�J±�), demands 
PXOWL�VWHS� DQDO\WLFDO� SURFHGXUHV� WR� SURYLGH� DQ� DFFXUDWH� GHWHUPLQDWLRQ�� $�
ZHOO�DFFHSWHG�SURWRFRO�IRU�WKH�HQWLUH�DQDO\VLV�SURFHVV�LQ�RUGHU�WR�JDLQ�UHOLDEOH�
DQDO\WLFDO� UHVXOWV� LV� JHWWLQJ� LPSRUWDQFH� QRZDGD\V� WKDQ� EHIRUH�� $V� KHDOWK�
LPSDFWV�RI�SRO\SKHQROV�DUH�VWURQJO\�OLQNHG�WR�WKHLU�RFFXUUHQFH�DQG�DPRXQW�
LQ�IRRG�� WKHUHIRUH� LW� LV� LPSRUWDQW� WR�SURYLGH�DQ�LQFOXVLYH�NQRZOHGJH�RQ�WKH�
GHWHFWLRQ�DQG�TXDQWL¿FDWLRQ�RI�SRO\SKHQROV� LQ�KRQH\��0XOWL�VWHS�DQDO\WLFDO�
SURFHGXUHV�LQFOXGH�H[WUDFWLRQ�RI�SRO\SKHQROV�IURP�KRQH\�IRU�LWV�TXDQWL¿FDWLRQ�
WKURXJK�DGYDQFHG�KLJK�WKURXJKSXW�HTXLSPHQW�RU�GHYLFH��+RZHYHU��LWV�ZLGH�
WKHUDSHXWLF� DSSOLFDWLRQ� LV� VFDQW\� GXH� WR� D� ODFN� RI� WHFKQRORJLFDOO\�QHHGHG�
LQIRUPDWLRQ�

7KLV� FKDSWHU� SURYLGHV� FXUUHQW� LQIRUPDWLRQ� RQ� H[WUDFWLRQ�� VHSDUDWLRQ�
WHFKQLTXHV�� DQG� GHWHFWLRQ� RI� SRO\SKHQROV� LQ� KRQH\�� 7KH� ELRDYDLODELOLW\� RI�
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SRO\SKHQROV�LV�DQ�LPSRUWDQW�IDFWRU�IRU�WKH�QXWUDFHXWLFDO�SURSHUWLHV�RI�KRQH\��
7KHUHIRUH��LQIRUPDWLRQ�RQ�WKH�ELRDYDLODELOLW\�RI�KRQH\�EDVHG�SRO\SKHQROV�KDV�
EHHQ�UHSUHVHQWHG�LQ�D�MXGLFLRXV�ZD\��$V�D�IXQFWLRQDO�IRRG��WKH�KHDOWK�LPSDFWV�
DQG�WKH�SUHYHQWLYH�UROH�RI�KRQH\�DJDLQVW�VHYHUDO�GLVHDVHV�DUH�DOVR�RXWOLQHG�

2.2 TECHNIQUES FOR EXTRACTION OF POLYPHENOLS

According to most published procedures, phenolic compounds in honey are 
LVRODWHG� WKURXJK�DQ�H[WUDFWLRQ�DQG�FOHDQ�XS�SKDVH��EHIRUH� VDPSOHV� FDQ�EH�
VXEPLWWHG� IRU� WKH� VHSDUDWLRQ�DQG� WKH� LGHQWLILFDWLRQ�VWHSV��([WUDFWLRQ� LV� WKH�
PDLQ�VDPSOH�SUHSDUDWLRQ�SURFHGXUH�QHFHVVDU\�IRU�LGHQWLI\LQJ�DQG�TXDQWLI\LQJ�
SRO\SKHQROV� LQ�PRQRIORUDO� KRQH\V��7KH�REMHFWLYH� LV� WR� REWDLQ� DQ� HOHYDWHG�
OHYHO� RI� WKH� WDUJHW� FRPSRXQG� DQG� WR� HOLPLQDWH� DQ\� SRWHQWLDO� GLVWXUELQJ�
FRPSRQHQWV��VXFK�DV��PDLQO\�VXJDUV�DQG�RWKHU�SRODU�FRPSRXQGV���([WUDFWLRQ�
DQG�VHSDUDWLRQ�RI�SKHQROLF�FRPSRXQGV�XQGHU�GLIIHUHQW�FODVVHV�DUH�FUXFLDO�IRU�
DFKLHYLQJ�FRUUHFW�LGHQWLILFDWLRQ�DQG�TXDQWLILFDWLRQ�>��@�

7KH� FKRLFH�RI� DQ� H[WUDFWLRQ� WHFKQLTXH�GHSHQGV�RQ� WKH� VWUXFWXUH� RI� WKH�
WDUJHW�PROHFXOHV��SDUWLFOH�VL]H�LQ�WKH�VDPSOH��DQG�WKH�SUHVHQFH�RI�LQWHUIHULQJ�
VXEVWDQFHV�� 7KH� \LHOG� RI� H[WUDFWLRQ� LV� D൵HFWHG� E\� WHPSHUDWXUH�� VROYHQW�
WR�IHHG� UDWLR�� QXPEHU� RI� H[WUDFWLRQ� F\FOHV�� DQG� FKRLFH� RI� WKH� H[WUDFWLRQ�
VROYHQWV��K\GURSKLOLF�RU�K\GURSKRELF�QDWXUH���$OWKRXJK�WUDGLWLRQDO�PHWKRGV�
�FRQYHQWLRQDO�OLTXLG�OLTXLG�DQG�VROLG�OLTXLG�H[WUDFWLRQV��KDYH�EHHQ�VXFFHVV-
IXOO\�SUDFWLFHG�IRU�H[WUDFWLRQ�RI�SRO\SKHQROV�IURP�KRQH\��\HW�SUHVHQWO\�WKH\�
DUH�EHLQJ�UHSODFHG�E\�DGYDQFHG�WHFKQRORJLHV�>VXSHUFULWLFDO�ÀXLG�H[WUDFWLRQ�
�6)(��� DFFHOHUDWHG� VROYHQW� H[WUDFWLRQ� �$6(��� RU� HYHQ�PXOWL�ZDOOHG� FDUERQ�
QDQRWXEHV��0:&17V�@�>��@��,Q� WKLV�VHFWLRQ��GL൵HUHQW� WHFKQRORJLHV�IRU� WKH�
H[WUDFWLRQ�RI�SRO\SKHQROV�IURP�KRQH\�DUH�GLVFXVVHG�

2.2.1 SOLID-LIQUID EXTRACTION

,Q� UHFHQW� GHFDGHV�� WKH� VW\UHQH�GL�YLQ\OEHQ]HQH� SRO\PHULF� UHVLQ� NQRZQ� DV�
$PEHUOLWH�;$'���KDV�UHFHLYHG�SRSXODULW\�DV�DQ�DGVRUEHQW�WR�H[WUDFW�SKHQROLF�
FRPSRXQGV� IURP� KRQH\�� 6DPSOHV� DUH� W\SLFDOO\� GLVVROYHG� LQ� K\GURFKORULF�
DFLG�VROXWLRQ��S+� �����ILOWHUHG��DQG�VXEVHTXHQWO\�SDVVHG�WKURXJK�WKH�UHVLQ�
FROXPQ��$OWHUQDWLYHO\��WKH�ILOWUDWH�FDQ�EH�PL[HG�ZLWK�$PEHUOLWH�DQG�VWLUUHG�
IRU�D� VSHFLILHG� WLPH� IRU�EHWWHU� DEVRUSWLRQ�SULRU� WR� WUDQVIHUULQJ� WKH�PL[WXUH�
LQWR�WKH�FROXPQ�>��@��(OXWLRQ�LV�SHUIRUPHG�ZLWK�DTXHRXV�K\GURFKORULF�DFLG�
�S+� ����DQG�WKHQ�FRQWLQXHG�ZLWK�ZDWHU��7KLV�DOORZV�VHSDUDWLRQ�RI�OHVV�SRODU�
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SKHQROLF� IUDFWLRQV� �ERXQG�RQ� WKH�DGVRUEHQW�RI� WKH�FROXPQ�� IURP�WKH�RWKHU�
SRODU�FRPSRXQGV��OLNH�VXJDUV��$IWHU�HOXWLRQ�RI�WKH�WDUJHW�PROHFXOHV�IURP�WKH�
FROXPQ�ZLWK�PHWKDQRO��WKH�H[WUDFWV�DUH�HYDSRUDWHG�XQGHU�UHGXFHG�SUHVVXUH�
DQG�WKHQ�UH�GLVVROYHG�LQ�HLWKHU�ZDWHU�RU�PHWKDQRO�>��@�

7KH� FOHDQ�XS� RI� WKH� H[WUDFWV� LV� SHUIRUPHG� E\� DQ� DGGLWLRQDO� H[WUDFWLRQ�
ZLWK� DQ� DSSURSULDWH� RUJDQLF� VROYHQW� �HWK\O� DFHWDWH� >��@� RU� GLHWK\O� HWKHU�
>��@���)LQDOO\�� WKH�REWDLQHG�RUJDQLF� H[WUDFW� LV� HYDSRUDWHG� DQG� UH�GLVVROYHG�
LQ�PHWKDQRO�SULRU�WR�+3/&��,W�KDV�EHHQ�VKRZQ�WKDW�WKH�SKHQROLF�H[WUDFWV�RI�
KRQH\�XVLQJ�$PEHUOLWH�;$'���KDG�D�GHFUHDVHG�DPRXQW�RI�SKHQROLF�WDUJHW�
FRPSRXQGV��7KH�DQWLR[LGDQW�DFWLYLW\�ZDV�DOVR�KLJKHU�LQ�WKH�RULJLQDO�KRQH\V�
WKDQ� LQ� WKHLU� IUDFWLRQDWHG� SKHQROLF� H[WUDFWV� �DYHUDJH� UHFRYHU\� RI� SKHQROLF�
FRPSRXQGV�ZDV����������ZKHUHDV�WKH�DYHUDJH�ÀDYRQRLG�UHFRYHU\�ZDV������
����GHSHQGLQJ�XSRQ�WKH�PHWKRG�XVHG���&RPSRXQGV�OLNH�NDHPSIHURO��V\ULQJLF�
DFLG��DQG�S�FRXPDULF�DFLG�ZHUH�FRPSOHWHO\�DGVRUEHG��ZKLOH�WKH�UHFRYHU\�RI�
SKHQROLF� DFLGV� �JDOOLF� DFLG� DQG� FD൵HLF� DFLG�� DQG� TXHUFHWLQ� E\�PHWKDQROLF�
HOXWLRQ�ZDV�PXFK� OHVV� H൶FLHQW� ����� IRU� TXHUFHWLQ�� ���� IRU� FD൵HLF� DFLG��
ZKLOH� JDOOLF� DFLG�ZDV� FRPSOHWHO\� DEVHQW� LQ� WKH�PHWKDQROLF� IUDFWLRQ�� >��@��
7KH�H[WUDFWLRQ�H൶FLHQF\�RI�SRO\SKHQROV�IURP�KRQH\�LV�DQ�LPSRUWDQW�UHDVRQ�
IRU� WKH� TXDOLWDWLYH� DQG� TXDQWLWDWLYH� GL൵HUHQFHV� WKDW� KDYH� EHHQ� UHSRUWHG� LQ�
VHYHUDO�VWXGLHV��)XUWKHUPRUH��WKH�VHSDUDWHG�H[WUDFWV�DUH�VXEMHFWHG�WR�3933�
SUH�WUHDWPHQW��DQG�DQ�LPSRUWDQW�H൵HFW�RQ�QRQ�SKHQROLF�UHGXFLQJ�FRPSRXQGV�
ZDV�REVHUYHG�ZKHQ�WKH�WRWDO�FRQWHQW�RI�SRO\SKHQROV�ZDV�PHDVXUHG�E\�WKH�
)ROLQ�&LRFDOWHX�DVVD\��,Q�SUDFWLFH��WKLV�PHDQV�DFR�HOXWLRQ�RI�WKH�QRQ�SKHQROLF�
compounds with phenolic compounds, when methanolic elution is applied 
RQ�$PEHUOLWH�;$'���>��@�

6RPH� UHVHDUFKHUV� KDYH� VLPSOL¿HG� WKLV� SKDVH� E\� LPSOHPHQWLQJ� 63(�
PHWKRG�� LQ� ZKLFK� SRO\SKHQROV� DUH� ERXQG� E\� K\GURSKRELF� LQWHUDFWLYLW\�
ZLWK�D�VROLG�VRUEHQW��7KXV��WKH�FRPELQDWLRQ�RI�WKH�H[WUDFWLRQ�DQG�FOHDQ�XS�
SKDVHV� UHVXOWV� LQ� KLJKHU� DQDO\WH� UHFRYHU\� DQG� VXEVWDQWLDO� VDYLQJV� LQ� WLPH�
DQG�VROYHQW��6LPLODUO\��IRU�H[WUDFWLRQ�ZLWK�$PEHUOLWH�;$'����WKH�VDPSOH�LV�
XVXDOO\�VROXELOL]HG�LQ�DFLGL¿HG�ZDWHU��%HIRUH�XVH��WKH�63(�FDUWULGJH��H�J���
&����6WUDWD�;63(�� VKRXOG�EH�ZDVKHG� DQG� DFWLYDWHG�XVLQJ� DQ� DSSURSULDWH�
VROYHQW�PL[WXUH�WKDW�LV�GHSHQGHQW�RQ�WKH�W\SH�RI�WKH�VRUEHQW��H�J���PHWKDQRO��
DQG�ZDWHU�>��@�

'XULQJ�HOXWLRQ��SRODU�LQWHUIHULQJ�VXEVWDQFHV�DUH�UHPRYHG�¿UVW��IROORZHG�
E\� HOXWLRQ� RI� WDUJHW� DQDO\WHV�� ZKLFK� LV� XVXDOO\� DFKLHYHG� ZLWK� PHWKDQRO�
>��@��'LPLWURYD�HW�DO��SURSRVHG�D� WZR�VWDJH�VDPSOH�FRQGLWLRQLQJ��DGMXVWHG�
WR� WKH� DFLG� FKDUDFWHU� RI� WKH� VDPSOH�� WKH� &��� 63(� FROXPQ� LV� FRQGLWLRQHG�
¿UVW�ZLWK�PHWKDQRO� FRQWDLQLQJ� VRGLXP�K\GUR[LGH�� WKHQ�ZLWK� WKH�PHWKDQRO�
FRQWDLQLQJ�K\GURFKORULF�DFLG��)LQDOO\��HOXWLRQ�LV�SHUIRUPHG�XVLQJ�DFHWRQLWULOH��
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WHWUDK\GURIXUDQ��������DQG�VXEVHTXHQWO\��UHYHUVHG�SKDVH�+3/&�LV�DSSOLHG�IRU�
VHSDUDWLRQ�>��@�

7KH�SHUIRUPDQFH�RI�GL൵HUHQW�VRUEHQWV��%RQG�(OXW�&����6WUDWD�;��2DVLV�
HLB, and Amberlite XAD-2) was compared during the extraction and pre-
FRQFHQWUDWLRQ�RI�VRPH�SKHQROLF�DFLGV�DQG�ÀDYRQRLGV�IURP�KRQH\�VDPSOHV��
Best results were accomplished when Oasis HLB was used as the sorbent, 
ZDVKHG�ZLWK�DFLGL¿HG�ZDWHU��S+� �����DQG�WKHQ�HOXWHG�ZLWK�PHWKDQRO�>��@��$Q�
entirely new adsorbent, mesoporous silica-coated with nano-Al2O3 (Al2O3�
SiO2��� ZDV� SURSRVHG� IRU� WKH� LVRODWLRQ� RI� ÀDYRQRLGV�� ,WV� SHUIRUPDQFH�ZDV�
WHVWHG�RQ�P\ULFHWLQ��TXHUFHWLQ��OXWHROLQ��DQG�NDHPSIHURO��DQG�WKH�H൶FLHQF\�
RI�WKH�H[WUDFWLRQ�ZDV�EHWWHU�WKDQ�IRU�D�FRPPHUFLDO�63(�FDUWULGJH�>��@�

7KH�SHUIRUPDQFH�RI�WKH�H[WUDFWLRQ�RI�QLQH�NQRZQ�SRO\SKHQROV��LQFOXGLQJ�
SKHQROLF�DFLGV�DQG�ÀDYRQRLGV��ZDV�FRPSDUHG�E\�,VWDVVH�HW�DO��>��@��6ROLG�
SKDVH�H[WUDFWLRQ��63(��ZDV�DGDSWHG�IRU�LVRODWLQJ�SRO\SKHQROV�IURP�DQ�DUWL¿-
FLDO�KRQH\�VROXWLRQ��7KH\�FRPSDUHG�WZR�H[WUDFWLRQ�PHWKRGV�XVLQJ�$PEHUOLWH�
;$'���SRO\PHU�DQG�D�&���FDUWULGJH��7KH�&���FDUWULGJHV�VKRZHG�DQ�DYHUDJH�
UHFRYHU\� RI� �������ZKLOH� D�PXFK� ORZHU� H൶FLHQF\� ��������ZDV� REWDLQHG�
ZLWK�$PEHUOLWH� ;$'���� 5HFRYHULHV� ZHUH� H[FHOOHQW� �!����� IRU� QDULQJLQ��
YDQLOOLF�DFLG��DQG�UXWLQ��WKRXJK�*DOOLF�DFLG�ZDV�ORVW�XVLQJ�&���FDUWULGJH��,W�
VHHPV�WKDW�*DOOLF�DFLG�KDV�D�VWURQJHU�D൶QLW\�IRU�$PEHUOLWH�;$'����ZKLFK�
allows not only its adsorption to the resin, but also its consequent elution in 
WKH�ODVW�SKDVH�RI�WKH�H[WUDFWLRQ�

7KHUHIRUH�XVLQJ�$PEHUOLWH�;$'����DOO�QLQH�SRO\SKHQROV�XQGHU�VWXG\�ZHUH�
VXFFHVVIXOO\� H[WUDFWHG�� +RZHYHU�� WKH� UHF\FOLQJ� H[SHULPHQWV� RI�$PEHUOLWH�
;$'���VKRZHG�WKDW�WKH�DYHUDJH�SRO\SKHQRO�UHFRYHU\�GURSSHG�IURP�������
�LQ�WKH�¿UVW�H[WUDFWLRQ��WR��������LQ�WKH�WKLUG�H[WUDFWLRQ�F\FOH���$V�D�FRQFOX-
sion, although extraction using Amberlite XAD-2 resulted in more extracted 
FRPSRXQGV�� \HW� WKLV�PD\�EH� FRPSHQVDWHG�E\� D� EHWWHU� H[WUDFWLRQ� UHFRYHU\�
RQ�WKH�&���FDUWULGJH��2Q�WKH�RWKHU�KDQG��WKH�KLJK�FRVW�RI�$PEHUOLWH�;$'���
resin is not counterweighed by its multiple uses due to its continuous decay 
DQG�ORRVLQJ�H[WUDFWLRQ�FDSDFLW\�>��@�

5HFRYHU\� SUREOHPV� IRU� *DOOLF� DFLG� ZHUH� DOVR� UHSRUWHG� XVLQJ�$PEHU-
OLWH�;$'����7KLV�PD\�EH�GXH� WR� WKH� IDFW� WKDW�*DOOLF�DFLG� LV� WRR�SRODU�DQG�
UHPDLQ�LQ�UHVLQ�W\SH�DGVRUEHQW�DIWHU�WKH�LQLWLDO�ZDVKLQJ�VWHS�ZLWK�ZDWHU��7KH�
YDOLGDWLRQ� H[SHULPHQWV� ZHUH� SHUIRUPHG� ZLWK� DUWL¿FLDO� KRQH\�� 3RO\SKHQRO�
UHFRYHULHV�VKRZHG�YDULDEOH�SHUIRUPDQFHV�UDQJLQJ�IURP������������������
IRU�NDHPSIHURO�WR�����������������IRU�S�FRXPDULF�DFLG��7KH�ORVV�RI�VRPH�
polyphenols might be due to their stronger interaction with the adsorbent. 
,W�ZDV�FRQFOXGHG�WKDW�QRQH�RI�WKH�FRPPRQO\�NQRZQ�DGVRUEHQWV�DUH�DEOH�WR�
H[WUDFW�DOO�SKHQROLF�FRPSRXQGV�ZLWK�GL൵HUHQW�SRODULWLHV�

A
pp

le
 A

ca
de

m
ic

 P
re

ss

A
ut

ho
r C

op
y

Non Commercial Use



Honey-Based Polyphenols: Extraction, Quantification 41

$OWKRXJK� WKHUH� DUH� UHVLQV� �OLNH�2DVLV�+/%�� WKDW� DUH�PRUH� H൶FLHQW� IRU�
SRODU�FRPSRXQGV��JDOOLF�DFLG�FDQ�EH�UHWDLQHG���\HW�WKHLU�SHUIRUPDQFH�LV�JHQHU-
DOO\�ORZHU�IRU�OHVV�SRODU�VXEVWDQFHV��OLNH�TXHUFHWLQ�RU�NDHPSIHURO���,VWDVVH�HW�
DO��>��@�FRQ¿UPHG�WKH�IRUPDWLRQ�RI�cis� LVRPHUV�IURP�WKH� trans polyphenol 
VWDQGDUGV��7KH�cis�LVRPHUV�ZHUH�LGHQWL¿HG�E\�FRPSDULQJ�WKHLU�VSHFWUD�ZLWK�
WKH�VSHFWUD�RI� WKH�VWDQGDUG�VROXWLRQV� LQ�+3/&�'$'�DQG�/&�89�06��7KH�
authors concluded that cis LVRPHUV� FDQ�EH� IRUPHG� HYHQ� LQ� WKH� DEVHQFH�RI�
OLJKW�� HYHQ� WKRXJK� WKH� OLJKW�ZDV�SUHYLRXVO\� FRQVLGHUHG� WR� EH� HVVHQWLDO� IRU�
WKLV� WUDQVIRUPDWLRQ�� 7KH\� FRQ¿UPHG� WKDW� WKH� FDXVHV� DUH� QRW� \HW� FOHDU�� DV�
LVRPHUL]DWLRQ�FDQ�EH�LQGXFHG�E\�VLPSOH�H[SRVXUH�WR�DPELHQW�WHPSHUDWXUH�LQ�
PHWKDQROLF�VROXWLRQ�RU�DQ�XQNQRZQ�UHDFWLRQ�ZLWK�WKH�DGVRUEHQW�>��@�

06�ZHUH�XVHG�DV�VRUEHQWV� IRU�SKHQROLFV�E\�D�6DXGL�$UDELDQ�UHVHDUFK�
JURXS� E\� DGGLQJ�0:&17V� WR� DQ� DFLGL¿HG� KRQH\� VROXWLRQ��7KH�PL[WXUH�
ZDV� VWLUUHG� WR� IDFLOLWDWH� DGVRUSWLRQ�� WKHQ� WKH� VRUEHQW� FRQWDLQLQJ� WDUJHW�
FRPSRXQGV�ZHUH�UHPRYHG�E\�YDFXXP�¿OWUDWLRQ��)LUVW��LW�ZDV�ZDVKHG�ZLWK�
water, then it was treated with methanol to release the adsorbed phenolic 
FRPSRXQGV��$IWHU�HYDSRUDWLRQ�RI�WKH�HQWLUH�DPRXQW�RI�PHWKDQRO��WKH�VROLG�
UHVLGXH� ZDV� FOHDQHG�XS� E\� UH�GLVVROYLQJ� LQ� ZDWHU� DQG� H[WUDFWLRQ� ZLWK�
GLHWK\O� HWKHU��7KH� HWKHU� H[WUDFW�ZDV� UHGXFHG� WR� GU\QHVV� E\� HYDSRUDWLRQ��
WKHQ�WKH�UHVLGXH�ZDV�UH�GLVVROYHG�LQ�PHWKDQRO�DQG�VXEVHTXHQWO\�VXEMHFWHG�
to HPLC measurements.

7KH�+3/&�PHWKRG� KDV� WKH� DGYDQWDJH� RI� VLPXOWDQHRXV� H[WUDFWLRQ� RI� D�
ODUJH� QXPEHU� RI� SKHQROLF� FRPSRXQGV� KDYLQJ� YDULRXV� VWUXFWXUHV� �SKHQROLF�
DFLGV��ÀDYRQRLGV��DQG�GHULYDWLYHV�RI�WKHVH��ZLWK�JRRG�\LHOGV��$GGLWLRQDOO\��
WKH�0:&17V�ZHUH�H൶FLHQWO\�UHJHQHUDWHG�>��@�

2.2.2 LIQUID-LIQUID EXTRACTION

/LTXLG�OLTXLG�H[WUDFWLRQ��//(��KDV�EHHQ�VXJJHVWHG�IRU�H[WUDFWLRQ�RI�KRQH\�
SRO\SKHQROV��)LUVW�KRQH\� LV�GLVVROYHG� LQ�ZDWHU�DQG� WKHQ�//(�H[WUDFWLRQ� LV�
SHUIRUPHG�ZLWK�DQ�RUJDQLF�VROYHQW��W\SLFDOO\�HWK\O�DFHWDWH�>������@�

//(�ZDV�DGDSWHG�IRU�VL[W\�7XUNLVK�KRQH\�VDPSOHV��,QLWLDOO\��KRQH\�ZDV�
GLVVROYHG�LQ�XOWUDSXUH�ZDWHU��WKHQ�SRO\SKHQROV�ZHUH�H[WUDFWHG�IURP�WKH�ZDWHU�
SKDVH� ZLWK� HWK\O� DFHWDWH� �WKUHH� WLPHV� VKDNLQJ� IRU� ��� PLQ��� (WK\O� DFHWDWH�
ZDV�FRPSOHWHO\�HYDSRUDWHG�DQG�WKH�UHVLGXH�ZDV�GLVVROYHG�LQ�PHWKDQRO�DQG�
ZDV�¿OWHUHG�SULRU�WR�TXDQWL¿FDWLRQ��2WKHU�VROYHQWV��VXFK�DV�FKORURIRUP�DQG�
GLFKORURPHWKDQH�VKRZHG�ORZHU�SHUIRUPDQFHV�GXULQJ�H[WUDFWLRQ�SURFHVV�>��@�

([WUDFWLRQ�RI�SRO\SKHQROV�IURP�&KLQHVH�KRQH\�ZDV�SHUIRUPHG�ZLWK�PLOG�
DFLGLF�ZDWHU��IROORZHG�E\�FHQWULIXJDWLRQ�DQG�FRQFHQWUDWLRQ�E\�HYDSRUDWLRQ��
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)RXU�GL൵HUHQW� W\SHV�RI�SRO\SKHQROV�ZHUH�H[WUDFWHG�IURP�GL൵HUHQW� W\SHV�RI�
KRQH\V�>��@�

)RXU� PDLQ� SRO\SKHQROV� �VXFK� DV�� IHUXOLF� DFLG�� NDHPSIHURO�� DSLROLQ�� DQG�
OXWHROLQ�ZHUH�H[WUDFWHG�ZLWK�Q�EXWDQRO� IURP�&KLQHVH�KRQH\V��6DPSOHV�ZHUH�
VLPSO\�GLVVROYHG�LQ�ZDWHU��DQG�WKHQ�IROORZHG�E\�H[WUDFWLRQ�ZLWK�Q�EXWDQRO�>��@�

$�VSHFLDO�//(��FDOOHG�GLVSHUVLYH�OLTXLG�OLTXLG�PLFURH[WUDFWLRQ��'//0(���
ZDV�HPSOR\HG�IRU�WKH�H[WUDFWLRQ�RI�SKHQROLF�VXEVWDQFHV��VXFK�DV�ÀDYRQRLG�
DJO\FRQHV�IURP�KRQH\��5HFRYHU\�RI�SRO\SKHQROV�ZDV�JHQHUDOO\�KLJKHU�WKDQ�
����>��@�

2.2.3 OTHER EXTRACTION METHODS

&RQYHQWLRQDO�H[WUDFWLRQ�SURFHGXUHV�XVXDOO\�UHTXLUH�KLJK�SURFHVVLQJ�WHPSHUD-
WXUH�DQG�ORQJ�ZRUNLQJ�WLPH��7KHUHIRUH��DOWHUQDWLYH�H[WUDFWLRQ�WHFKQLTXHV�DUH�
EHLQJ�VRXJKW�FRQWLQXRXVO\�IRU�UHFRYHULQJ�SKHQROLF�FRPSRXQGV�IURP�KRQH\��
$PRQJ�WKHVH��H[WUDFWLRQ��DVVLVWHG�E\�HLWKHU�XOWUDVRXQG�RU�PLFURZDYH�RU�ERWK�
RI�WKHP�ZHUH�UHSRUWHG�IRU�UHFRYHULQJ�SKHQROLF�FRPSRXQGV�IURP�KRQH\�>��@��
)XUWKHUPRUH�� HQYLURQPHQWDOO\� EHQLJQ� SURFHVVHV� �VXFK� DV�� 6)(� DQG�$6(��
ZHUH�XVHG�IRU�WKLV�SXUSRVH�>������@�

8OWUDVRXQG�DVVLVWHG� //(� KDV� EHHQ� XVHG� WR� VROXELOL]H� KRQH\� VDPSOHV��
+RQH\�VDPSOHV�DUH�GLVVROYHG�LQ�ZDWHU�RU�LQ�WKH�+3/&�HOXHQW��DQG�VRQLFDWLRQ�
LV�HPSOR\HG�IRU����PLQ��7KH�SURFHGXUH�UHVXOWV�LQ�H[FHOOHQW�UHFRYHULHV��XS�WR�
����IRU�DOO�DQDO\WHV��>��@�

7KH� VWDELOLW\� RI� SKHQROLF� FRPSRXQGV� ZDV� FKHFNHG� E\� %LHVDJD� DQG�
3\U]\QVND� GXULQJ� XOWUDVRQLF�� RU� PLFURZDYH�DVVLVWHG� H[WUDFWLRQ� �86(� RU�
0$(��� 7KH� DXWKRUV� FRQ¿UPHG� WKDW� WKH� H[WUDFWLRQ� DVVLVWHG� E\� XOWUDVRXQG�
GHOLYHUV� JHQHUDOO\� KLJKHU� \LHOGV� WKDQ� WKH� FRQYHQWLRQDO� //(�� ,W� KDV� EHHQ�
SURYHQ�WKDW�SKHQROLF�DFLGV�DQG�JO\FRVLGHV�DUH�KLJKO\�VWDEOH�GXULQJ�0$(�DQG�
86(�WUHDWPHQWV��$JO\FRQHV�RI�ÀDYRQROV��H�J���TXHUFHWLQ��DUH�XQVWDEOH�XQGHU�
VXFK�FRQGLWLRQV��7KHUHIRUH��D�ORZ�DPRXQW�RI�\LHOGV�DUH�REWDLQHG�IRU�H[WUDFWLRQ�
RI�$JO\FRQHV�RI�ÀDYRQROV�IURP�KRQH\�ZLWK�0$(�DQG�86(�WUHDWPHQWV�>��@�

$6(�KDV�EHHQ�XVHG�WR�H[WUDFW�WKH�SRO\SKHQROV�IURP�KRQH\��+RQH\�VDPSOHV�
DUH�GLVVROYHG�LQ�DFLGL¿HG�ZDWHU��+&O�LV�XVHG�IRU�DFLGL¿FDWLRQ�DW�S+� ����DW�URRP�
WHPSHUDWXUH��DQG�$6(�LV�HPSOR\HG�ZLWK�IRXU�GL൵HUHQW�VWDWLF�F\FOHV��3KHQROLFV�
FRPSRXQGV�DUH�HOXWHG�ZLWK�PHWKDQRO�DQG�VXEVHTXHQWO\��VROYHQW�LV�UHPRYHG��
Residue is re-suspended in distilled water and cleaned-up by extracting with 
GLHWK\O�HWKHU�IRU�WKUHH�WLPHV��6XEVHTXHQWO\��HWKHU�LV�DOORZHG�WR�HYDSRUDWH�IURP�
WKH�H[WUDFW�DQG�WR�GLVVROYH�LQ�D�PHWKDQRO�ZDWHU�PL[WXUH�>��@�
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6)(�PD\�EH�D�JRRG�FKRLFH� IRU�H[WUDFWLRQ�RI�SRO\SKHQROV� IURP�QDWXUDO�
PDWUL[HV��EHFDXVH�LW�LV�HFR�IULHQGO\�DQG�PLWLJDWHV�VROYHQW�ZDVWDJH��,W�KHOSV�
WR�SUHYHQW�WKH�R[LGDWLRQ�DQG�RU�GHFRPSRVLWLRQ�RI�SRO\SKHQROV��,Q�WKLV�FDVH��
supercritical CO2� DFWV� DV� D� VROYHQW��6HYHUDO�RWKHU� VXSHUFULWLFDO�ÀXLGV�KDYH�
EHHQ� UHFHQWO\� SURSRVHG� IRU� H[WUDFWLRQ�� H�J��� SURSDQH�� DUJRQ� �$U��� DQG� 6)6 
>��@��ZKLFK�PD\�R൵HU�SURPLVLQJ�DOWHUQDWLYHV� IRU�H[WUDFWLRQ�RI�SRO\SKHQRO�
FRPSRXQGV�IURP�KRQH\�

2.2.4 HYDROLYSIS

7R�H[WUDFW�DJO\FRQHV�IURP�KRQH\��K\GURO\VLV�LV�SHUIRUPHG�LQ�PRVW�FDVHV�ZLWK�
K\GURFKORULF� RU� IRUPLF� DFLG� DW� UHODWLYHO\� KLJK� WHPSHUDWXUHV� ���±����&���
5HFRYHU\�RI�SRO\SKHQROV�LV�D�IXQFWLRQ�RI�DFLG�FRQFHQWUDWLRQ��GXUDWLRQ�RI�WKH�
K\GURO\VLV��DQG�RSHUDWLQJ�WHPSHUDWXUH��*HQHUDOO\��WKH�REMHFWLYH�RI�K\GURO\VLV�
LV�WR�DFFRPSOLVK�D�FRPSOHWH�UHOHDVH�RI�IUHH�DJO\FRQHV�DQG�WR�NHHS�SRO\SKHQRO�
GHJUDGDWLRQ�WR�D�PLQLPXP�OHYHO�>��@�

8QOLNH�PRVW�IRRG�PDWUL[HV��KRQH\�FRQWDLQV�PDLQO\�DJO\FRQHV�LQVWHDG�RI�
WKHLU�JO\FRVLGHV��EHFDXVH�KRQH\�EHHV�K\GURO\]H�WKH�JO\FRVLGLF�ERQGV�GXULQJ�
WKH�HODERUDWLRQ��ULSHQLQJ�SURFHVV�>�����@��5XWLQ��TXHUFHWLQ���UXWLQRVLGH��DQG�
KHVSHULGLQ��KHVSHUHWLQ���UKDPQRJOXFRVLGH��DUH�WKH�PRVW�IUHTXHQWO\�UHSRUWHG�
JO\FRVLGHV�WKDW�KDYH�EHHQ�GHWHFWHG�LQ�KRQH\�>��@�

2.3 TECHNIQUES FOR QUANTIFICATION OF POLYPHENOLS

,GHQWLILFDWLRQ� DQG� TXDQWLILFDWLRQ� RI� LQGLYLGXDO� SRO\SKHQRO� DUH� XVXDOO\�
SHUIRUPHG�E\�FKURPDWRJUDSKLF�RU�HOHFWURSKRUHWLF�WHFKQLTXHV��7KH�FKRLFH�RI�
the analytical method and the working conditions strongly depend on the 
REMHFWLYH� RI� WKH� DQDO\VLV� �TXDOLWDWLYH� DQG�RU� TXDQWLWDWLYH��� &RVWV�� DQDO\VLV�
WLPH��DQG�VHOHFWLYLW\�DUH�DOVR�FULWLFDO�LVVXHV�LQ�WKLV�FRQWH[W�

2.3.1 CHROMATOGRAPHIC TECHNIQUES

*HQHUDOO\��VHSDUDWLRQ�RI�SKHQROLF�DFLGV�DQG�IODYRQRLGV�LV�SHUIRUPHG�E\�OLTXLG�
FKURPDWRJUDSK\��/&���XVLQJ�&���RU�53�&���FROXPQ�>��@��3\U]\QVND�DQG�KLV�
FR�ZRUNHUV�SURYLGH�GHWDLOHG�LQIRUPDWLRQ�RQ�PHWKRGV�IRU�WKH�LGHQWLILFDWLRQ�RI�
GLIIHUHQW�SRO\SKHQROV��*UDGLHQW�HOXWLRQ�LV�SUHYDOHQWO\�XVHG��%LQDU\�VROYHQW�
systems, including a water-based component combined with a less polar 
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RUJDQLF� VROYHQW� �H�J��� DFHWRQLWULOH�RU�PHWKDQRO���KDYH�EHHQ�XVHG� LQ� VHYHUDO�
FDVHV��7R�HQVXUH�D� VXLWDEOH�S+� OHYHO�GXULQJ�JUDGLHQW� UXQV�� VHYHUDO�RUJDQLF�
DFLGV� �IRUPLF� DFLG�� DFHWLF� DFLG�� SKRVSKRULF� DFLG�� DUH� XVXDOO\� DGGHG� >��@��
,VRFUDWLF�HOXWLRQ�KDV�EHHQ� UHSRUWHG� IRU� WKH�PHDVXUHPHQW�RI�SKHQROLF�DFLGV�
�KRPRJHQWLVLF�DFLG��IURP�VWUDZEHUU\�WUHH�KRQH\�>��@�

=KDQJ�HW�DO��XVHG�D�XQLTXH�PXOWLYDULDWH�+3/&�'$'�VHFRQG�RUGHU�FDOLEUD-
WLRQ�PHWKRG��EDVHG�RQ�D�WULOLQHDU�GHFRPSRVLWLRQ�DOJRULWKP��IRU�WKH�TXDQWL¿-
FDWLRQ� RI� QLQH� SRO\SKHQROV�� 7KHLU� FDOLEUDWLRQ� WHFKQLTXH� XVHV� PDWKHPDWLFDO�
PRGHOV� IRU� WKH� RYHUODSSHG� FKURPDWRJUDSKLF� SHDNV�� REWDLQLQJ� WKXV� WKH� QHDW�
SUR¿OH�IRU�HDFK�DQDO\WH��6KRUW�SURFHVVLQJ�DQG�HYDOXDWLRQ�SHULRG��OLQHDULW\��DQG�
H[FHOOHQW�UHFRYHULHV�����±������DUH�WKH�PDLQ�DGYDQWDJHV�RI�WKLV�PHWKRG�>��@�

$OWKRXJK�VHYHUDO�UHVHDUFK�JURXSV�VWLOO�SUHIHU�WR�XVH�WKH�+3/&�89�GHWHF-
WLRQ��\HW�WKH�YLVLEOH�WUHQG�IRU�SRO\SKHQRO�DQDO\VHV�LV�WR�XVH�XOWUD�KLJK�SHUIRU-
PDQFH�OLTXLG�FKURPDWRJUDSK\��8+3/&���ZKLFK�KDV�VHYHUDO�DGYDQWDJHV��VXFK�
DV��KLJK�UHVROXWLRQ��VHQVLWLYLW\��DQG�VSHHG�RI�DQDO\VLV��7KLUW\�WZR�SKHQROLF�
FRPSRXQGV�LQ����7XUNLVK�KRQH\V�KDYH�EHHQ�LGHQWL¿HG�E\�8+3/&�ZLWK�HOHF-
WURVSUD\� LRQL]DWLRQ� �(6,��FRXSOHG� WR� WDQGHP�PDVV� VSHFWURPHWU\� �8+3/&�
(6,�06�06���7KH�PHWKRGV�SURYLGH�IDVW�DQG�UHOLDEOH�UHVXOWV�XVLQJ�RQO\�//(�
DV�D�SUHSDUDWRU\�VWHS��7KH�6HUELDQ�JURXS�XVHG�VXFFHVVIXOO\�8+3/&�FRXSOHG�
WR�LRQ�WUDS�PDVV�DQDO\]HU��8+3/&�/74���HTXLSSHG�ZLWK�D�KHDWHG�(6,�SUREH�
>��@��*&�KDV�DOVR�EHHQ�DSSOLHG�IRU� WKH�PHDVXUHPHQW�RI�SKHQROLFV��PDLQO\�
SKHQROLF�DFLGV���KRZHYHU��WKLV�WHFKQLTXH�KDV�LWV�GUDZEDFNV��7KH�GHULYDWL]D-
WLRQ�VWHS�LQ�*&�PDLQO\�SURGXFHV�PHWK\ODWHG�RU�WULPHWK\OVLO\O�GHULYDWLYHV�RI�
WKH�QRQ�YRODWLOH�FRPSRXQGV�>��@�

5HFHQWO\�� KLJK�SHUIRUPDQFH� WKLQ�OD\HU� FKURPDWRJUDSK\� �+37/&�� LV� D�
¿QJHUSULQWLQJ� PHWKRG� WR� GHWHFW� SKHQROLF� FRPSRXQGV�� ,W� LV� D� VXLWDEOH� DQG�
DXWKHQWLFDWHG� WR� GHWHFW� PRQRÀRUDO� KRQH\V�� +37/&� PD\� EH� FRQVLGHUHG� DV�
D� FRQYHQLHQW� PHWKRG� IRU� WKH� FODUL¿FDWLRQ� RI� WKH� ERWDQLFDO� RULJLQ� RI� KRQH\�
VDPSOHV�EDVHG�RQ�WKHLU�SRO\SKHQRO�SUR¿OH��,W�KDV�VHYHUDO�DGYDQWDJHV��H�J���ORZ�
LQVWUXPHQWDWLRQ� FRVWV�� VKRUW� UXQQLQJ� WLPH�� D�ZLGH� FKRLFH� RI� DGVRUEHQWV� DQG�
HOXHQWV��D�VPDOO�VDPSOH�VL]H�IRU�DQDO\VLV��JRRG�SUHFLVLRQ�DQG�DFFXUDF\�>������@�

7KH�GLRGH�DUUD\�GHWHFWRUV��'$'��RU�VLPLODU�SKRWRGLRGH�DUUD\�GHWHFWRUV�
DUH� VWLOO�SRSXODU� >������@��8VXDOO\��ZDYHOHQJWKV�RI�����QP�RU�����QP�DUH�
XVHG��PDLQO\�IRU�SKHQROLF�DFLGV���ZKHUHDV�����QP�LV�XVHG�IRU�WKH�GHWHFWLRQ�
RI� ÀDYRQRLGV� >��@�� +RZHYHU�� WKH� HPSOR\PHQW� RI� FRQYHQWLRQDO� DQDO\WLFDO�
PHWKRGV�EDVHG�RQ�89�VSHFWUD�LV�RIWHQ�UHVWULFWHG�IRU�WKH�SUHVHQFH�RI�VLPLODU�
compounds in the samples.

7KLV�LV�WKH�PDLQ�UHDVRQ�RI�WKH�LQFUHDVLQJ�SRSXODULW\�RI�D�PHWKRG��ZKLFK�LV�
based on mass spectrometry (MS or multiple MSn), because they accomplish 
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VLJQL¿FDQWO\� KLJKHU� VHQVLWLYLW\� DQG� FDQ� GHOLYHU� LQIRUPDWLRQ� RQ� PROHFXODU�
PDVV�DQG�VWUXFWXUDO�IHDWXUHV��7KH\�DUH�XVHG�LQ�FRPELQDWLRQ�ZLWK�89�GHWHF-
WLRQ� RU� DV� VHOI�VWDQGLQJ� GHWHFWRUV�� ZLWKRXW� DQ\� RWKHU� VLPXOWDQHRXVO\� XVHG�
GHWHFWRUV�>��@�

+RZHYHU�� YDULRXV�06� LRQL]DWLRQ� WHFKQLTXHV� �H�J��� HOHFWURVSUD\� LRQL]D-
WLRQ� �(6,��� DWPRVSKHULF� SUHVVXUH� FKHPLFDO� LRQL]DWLRQ� �$3&,��� IDVW� DWRP�
ERPEDUGPHQW��)$%���DQG�WKHUPR�VSUD\��763���FDQ�EH�XVHG�IRU�WKH�DQDO\VLV�
RI�ÀDYRQRLGV�>��@��DQG�WKH�(6,�KDV�EHHQ�XVHG�IRU�GHWHFWLRQ�RI�SRO\SKHQROV�
LQ�KRQH\�>����������@�

2.3.2 ELECTROPHORETIC TECHNIQUES

&DSLOODU\�HOHFWURSKRUHVLV��&(��KDV�UHFHLYHG�SRSXODULW\�DV�DQ�DOWHUQDWLYH�WR�
/&�LQ�WKH�DQDO\VLV�RI�YDULRXV�IRRGVWXIIV��7KH�PDLQ�DGYDQWDJHV�RI�&(�RYHU�
/&�DUH�VKRUWHU�UXQQLQJ�WLPH��ORZ�VDPSOH�VL]H��DQG�ORZ�FRVW�GXH�WR�WKH�IDFW�
WKDW�RUJDQLF�VROYHQW�LV�QRW�QHHGHG�IRU�HOXWLRQ��7KH�WHFKQLTXH�LV�DSSOLHG�IRU�WKH�
HVWLPDWLRQ�RI�SRO\SKHQROV�IURP�ERWK�KRQH\V�DQG�SURSROLV��7KH�SUHGRPLQDQW�
&(�PRGHV�LQ�XVH�DUH�FDSLOODU\�]RQH�HOHFWURSKRUHVLV��&=(��>��@�DQG�PLFHOODU�
HOHFWUR�NLQHWLF�FKURPDWRJUDSK\��0(.&��>��@�

7KH� VHSDUDWLRQ� VHOHFWLYLW\� RI�0(.&� LV� VXSHULRU� FRPSDUHG� ZLWK� &=(��
EHFDXVH� HOHFWURSKRUHWLF� EHKDYLRU� LQ� &=(� LV� D൵HFWHG� E\� IDFWRUV�� VXFK� DV��
VWHUHRFKHPLVWU\� RI� WKH� &�ULQJ� LQ� ÀDYRQRLGV� DQG� QXPEHU�� SRVLWLRQ�� DQG�
VXEVWLWXWLRQ�RI�WKH�2+�JURXSV�DWWDFKHG�WR�WKH�ULQJV��7KH�PHWKRG�RI�YDOLGDWLRQ�
with MEKC is also in use. A hybrid method, called capillary electrochro-
PDWRJUDSK\��&(&���KDV�DOVR�EHHQ�GHYHORSHG�E\�FRPELQLQJ�&=(�DQG�+3/&��
+RZHYHU�� WKH� FRQVLGHUDEOH� WLPH�� ODERU�� DQG� FRVW� GHPDQGV� RI� WKLV�PHWKRG�
SUHYHQW�LWV�ZLGHU�XVH�>��@�

2.4 BIOAVAILABILITY OF HONEY POLYPHENOLS

%LRDYDLODELOLW\�JHQHUDOO\�UHIHUV�WR�WKH�DFFHVVLEOH�SRUWLRQ�RI�D�QXWULHQW�RU�QRQ�
QXWULHQW�FRPSRQHQW�IRU�PDLQWDLQLQJ�JRRG�KHDOWK��VSHFLILFDOO\�WKHLU�DGVRUSWLRQ��
controlling, and modulating physiological systems and storage. According to 
RXU�SUHVHQW�NQRZOHGJH��WKH�ELRDYDLODELOLW\�RI�SKHQROLF�FRPSRXQGV�LQFOXGHV�
WKH�IROORZLQJ�PDLQ�GLJHVWLYH�URXWHV�>��@�

• (OLPLQDWLRQ�WKURXJK�WKH�NLGQH\�RU�UH�H[FUHWLRQ�LQWR�WKH�JXW�YLD�ELOH�
DQG�SDQFUHDWLF�MXLFHV�
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• 0LFURELRORJLFDO� IHUPHQWDWLRQ� RI� SKHQROLFV� WKDW� ZHUH� QRW� DEVRUEHG�
RU�ZHUH�UH�HOLPLQDWHG�YLD�ELOH�RU�WKH�SDQFUHDV��IRUP�H[WUD�PHWDEROLWH�
SURGXFWV�

• 0RGLILFDWLRQV�RI�SRO\SKHQROV�GXULQJ�GLJHVWLRQ�LQ�JDVWULF�VPDOO�LQWHVWLQH�
• 3ULPDU\�VHFRQGDU\�SKDVH�HQ]\PH�FKDQJHV�RI�WKH�SRO\SKHQROV�LQ�WKH�

JXW�
• 5HOHDVH�RI�SKHQROLF�FRPSRXQGV�IURP�WKH�IRRG�PDWUL[��H�J���KRQH\��
• 7UDQVSRUW�LQ�WKH�EORRGVWUHDP�DQG�VXFFHVVLYH�UHORFDWLRQ�LQ�WLVVXHV�
• 8S�WDNH�RI�SRO\SKHQROV�E\�HQWHURF\WHV��HLWKHU�LQ�WKHLU�IUHH�DJO\FRQH�

IRUPV�RU�LQ�VRPH�FRQMXJDWHG�IRUPV�

,Q�FDVH�RI�ÀDYRQRLGV��ELRDYDLODELOLW\�LV�GHWHUPLQHG�E\�VHULHV�RI�IDFWRUV��
VXFK� DV�� IRRG� PDWUL[�� DFFRPSDQ\LQJ� GULQNV� DQG� DFWXDO� FRQWHQWV� LQ� WKH�
VWRPDFK��DQG�LQGLYLGXDOO\�YDULDEOH�IDFWRUV� OLNH�LQWHVWLQDO�SHULVWDOVLV��S+�RI�
WKH�JDVWURLQWHVWLQDO� WUDFW�� VSHFL¿FLW\�RI�FDUULHU� �WUDQVSRUWHU�SURWHLQ���EORRG��
DQG� O\PSK�ÀRZ� >��@��$V� UHJDUGV� WR� WKH�¿UVW� FDWHJRU\�� GLHWDU\�¿EHUV� �H�J���
KHPLFHOOXORVH���GLYDOHQW�PHWDO�LRQV��YLVFRXV��DQG�SURWHLQ�ULFK�IRRG�PDWUL[HV�
are known to hinder polyphenol bioaccessibility, while digestible carbo-
K\GUDWHV�� OLSLGV��DQG�RWKHU�DQWLR[LGDQWV�PD\�HQKDQFH�WKH�ELRDYDLODELOLW\�RI�
SKHQROLFV�>��@�

,I� WKH� ÀDYRQRLG� LV� SUHVHQW� DV� D� JO\FRVLGH�� WKHQ� LWV� VWUXFWXUH� SOD\V� DQ�
DGGLWLRQDO� UROH� IRU� GHWHUPLQLQJ� ELRDYDLODELOLW\�� GHSHQGLQJ� RQ� WKH� W\SH� RI�
WKH�JO\FRV\OLF�VXJDU�DQG�WKH�W\SH�RI�WKH�JO\FRVLGLF�ERQG��WKH�JO\FRV\ODWLRQ�
VLWHV�DQG�WKH�QXPEHU�RI�VXJDU�EDFNERQHV�OLQNHG�WR�WKH�ÀDYRQRLG��7KH�W\SH�
RI�ÀDYRQRLG�FRPSRXQG�LWVHOI�KDV�D�VLJQL¿FDQW�LQÀXHQFH�RQ�DEVRUSWLRQ�LQ�WKH�
JDVWURLQWHVWLQDO�WUDFW��,Q�D�FOLQLFDO�WULDO��LW�KDV�EHHQ�SURYHQ�WKDW�D�VLQJOH�RUDO�
GRVH�RI����PJ�RI�ÀDYRQRLG��LVRÀDYRQHV�ZHUH�EHVW�DEVRUEHG��ZKLOH�ÀDYDQ�
��ROV�� ÀDYDQRQHV�� DQG� ÀDYRQROV� KDG� PXFK� ORZHU� DEVRUSWLRQ� H൶FLHQFLHV��
1HYHUWKHOHVV��GL൵HUHQFHV�LQ�WKH�FRUUHVSRQGLQJ�PRODU�DPRXQWV�DQG�SRVVLEOH�
PHWDEROLWHV�ZHUH�QRW�FRQVLGHUHG�LQ�WKLV�VWXG\��7KH�DGPLQLVWUDWLRQ�PRGH�RI�
SRO\SKHQROV�LV�DOVR�D�UHOHYDQW�IDFWRU��,QWUDYHQRXV�DGPLQLVWUDWLRQ�RI�SRO\SKH-
QROV�LV�IXOO\�DEVRUEHG�LQ�WKH�JDVWURLQWHVWLQDO�WUDFW�>��@�

8SRQ�XSWDNH�LQ�WKH�JDVWURLQWHVWLQDO�HSLWKHOLXP��ÀDYRQRLGV�FDQ�PRGHUDWH�
SKDVH� ,,�PHWDEROLVP� DQG� H[FUHWLRQ�� WKXV� LPSURYLQJ� WKH� ELRDYDLODELOLW\� RI�
SRO\SKHQROV��0RUHRYHU�� DV� D� UHVXOW� RI� WKHLU� LPSDFWV� RQ� H൷X[� WUDQVSRUWHUV�
�L�H��� S�JO\FRSURWHLQ��� SKHQROLFV� PD\� DFW� LQ� D� V\QHUJLVWLF� ZD\� >��@�� ,W� LV�
ZHOO� NQRZQ� WKDW� ÀDYRQRLG� JO\FRVLGHV� DUH� QRW� UHDGLO\� DEVRUEHG�� XQOHVV�
WKH\�DUH�¿UVW�K\GURO\]HG��7KLV�LV�SHUIRUPHG�HLWKHU�E\�EDFWHULDO�HQ]\PHV�LQ�
WKH� LQWHVWLQH� RU� FDWDO\]HG� E\� WZR� ȕ�HQGR�JOXFRVLGDVH� HQ]\PHV� FDSDEOH� RI�
K\GURO\]LQJ�ÀDYRQRLG�JO\FRVLGHV��/DFWDVH�SKORUL]LQ� K\GURODVH� �/3+�� DFWV�
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LQ�WKH�EUXVK�ERUGHU�RI�WKH�HSLWKHOLDO�FHOOV�RI�WKH�VPDOO�LQWHVWLQH�DQG�F\WRVROLF�
ȕ�JOXFRVLGDVH��&%*��WDNHV�SDUW�LQ�DQ�DOWHUQDWLYH�K\GURO\WLF�VWHS�ZLWKLQ�WKH�
HSLWKHOLDO�FHOOV�>�@��0LFURELRWD�VHHPV�WR�KDYH�D�NH\�UROH�LQ�ÀDYRQRLG�DEVRUS-
WLRQ�LQ�WKH�JDVWURLQWHVWLQDO�WUDFW�>��@�

&RPSDUHG�WR�WKHLU�QDWLYH�JO\FRVLGLF�IRUPV��WKH�SKHQROLF�DJO\FRQHV�IRUPHG�
DUH�PRUH�HDVLO\�DEVRUEHG�WKURXJK�WKH�JXW�EDUULHU�E\�SDVVLYH�GL൵XVLRQ��,Q�DQ�
DQLPDO�H[SHULPHQW��LW�ZDV�IRXQG�WKDW�FRQFHQWUDWLRQ�RI�DJO\FRQH�LQ�SODVPD�LV�
PRUH�FRPSDUHG�WR�JO\FRVLGH��ZKLFK�LQGLFDWHV�WKDW�DEVRUSWLRQ�RI�WKH�JO\FRVLGH�
LV�KLJKHU�LQ�GLVWDO�SDUWV�RI�WKH�LQWHVWLQH��SUREDEO\�LQ�WKH�FRORQ��,W�KDV�EHHQ�DOVR�
SURSRVHG�WKDW�DIWHU�WKH�UHOHDVH�RI�JO\FRVLGHV�IURP�DJO\FRQH��DERXW�����RI�WKH�
ÀDYRQRLG�DJO\FRQHV�DUH�DEVRUEHG�LQWR�WKH�HSLWKHOLDO�FHOOV�ZLWK�ELOH�PLFHOOHV��
EHLQJ� WKHQ� WUDQVSRUWHG� E\� WKH� O\PSK��:KLOH� YDVW� VWXGLHV� DUH� DYDLODEOH� RQ�
WKH�ELRDYDLODELOLW\�RI�ÀDYRQRLGV�LQ�GL൵HUHQW�IRRG�PDWUL[HV��\HW�RQO\�OLPLWHG�
LQIRUPDWLRQ�ZDV�IRXQG�RQ�VSHFL¿F�VWXGLHV�GHDOLQJ�ZLWK�KRQH\�>�@�

6HYHUDO�VWXGLHV�KDYH�EHHQ�SXEOLVKHG�RQ�in vivo animal and human metab-
ROLVP�RI� FODVVHV�RI�ÀDYDQRQHV� �VXFK�DV��KHVSHUHWLQ���QDULQJHQLQ�� DQG� WKHLU�
JO\FRVLGHV�XVLQJ�06�IRU�LGHQWL¿FDWLRQ�RI�PHWDEROLWHV�GXULQJ�ELRWUDQVIRUPD-
WLRQ��*OXFXURQLGDWLRQ�VHHPV�WR�EH�SULQFLSDO�ELRWUDQVIRUPDWLRQ�RI�KHVSHUHWLQ�
DQG�PDMRU�XULQDU\�PHWDEROLWHV�DUH�VXOIR�JOXFXURQLGHV��,GHQWL¿HG�PHWDEROLWHV�
ZHUH� JOXFXURQLGH� DQG� VXOIDWH� FRQMXJDWHV�� DQG� WKH� SKDVH� ,,� FRQMXJDWLRQ� RI�
DJO\FRQHV�WDNLQJ�SODFH�LQ�WKH�LQWHVWLQH�>��@��)ODYRQHV�DQG�ÀDYRQROV�DUH�DOVR�
H[SRVHG�WR�WKH�DFWLRQ�RI�SKDVH�,,�HQ]\PHV��IRUPLQJ�LQ�WKH�VDPH�ZD\�JOXFXUR-
QLGH��VXOIDWH��DQG�RU�PHWK\ODWHG�PHWDEROLWHV�>��@�

$EVRUSWLRQ� RI� SRO\SKHQROV� LQWR� WKH� V\VWHPLF� FLUFXODWLRQ� LV� UHVWULFWHG�
GXH� WR� DQ� H൷X[�� ZKLFK� SURPRWHV� DQG� UHWXUQV� WKHVH� FRQMXJDWHV� LQWR� WKH�
LQWHVWLQDO� OXPHQ�� 3UDFWLFDOO\�� QR� IUHH� ÀDYDQRQH� DJO\FRQHV� ZHUH� GHWHFWHG�
SRVW�GLJHVWLRQ��+RZHYHU��WKLV�PD\�EH�GRVH�GHSHQGHQW��)ODYDQRQH�FRQMXJDWHV�
WKDW� DUH�QRW� DEVRUEHG� LQ� WKH� LQWHVWLQH� DUH� IXUWKHU� WUDQVSRUWHG� WR� WKH� FRORQ��
+HUH�D�PLFURELDO�PHWDEROLVP�FRQYHUWV�WR�SKHQROLF�DFLGV��VXFK�DV��SURSLRQLF��
K\GUR[\O�SKHQ\ODFHWLF��K\GUR[\FLQQDPLF��DQG�K\GUR[\EHQ]RLF�DFLG�GHULYD-
WLYHV��,QIRUPDWLRQ�RQ�WKH�GLVWULEXWLRQ�RI�SRO\SKHQROV�LQ�WLVVXHV�LV�VFDQW\��DQG�
QR�GDWD�DUH�DYDLODEOH�IRU�KXPDQV��$IWHU�DEVRUSWLRQ��ÀDYDQRQHV�FLUFXODWH�LQ�
WKH�EORRGVWUHDP��ZKHUH�WKH\�DUH�ERXQG�ZLWK�SURWHLQV�DQG�GHOLYHUHG�UDSLGO\�
WR�RUJDQV��VXFK�DV��EUDLQ��OLYHU��KHDUW��OXQJ��NLGQH\��DQG�VSOHHQ�

,Q� DQLPDO� H[SHULPHQWV�� LW�ZDV� IRXQG� WKDW� SKHQROLF� DJO\FRQHV�ZHUH� WKH�
SUHGRPLQDQW�IRUP�LQ�WKLV�VWDJH�RI�GLVWULEXWLRQ�LQ�RUJDQV��7KH\�ZHUH�GHWHFWHG�
LQ� WKH� OLYHU� DQG� KHDUW�� +HVSHUHWLQ� DQG� QDULQJHQLQ� ZHUH� DEOH� WR� FURVV� WKH�
EORRG�EUDLQ�EDUULHU� �%%%���DQG�ZHUH�GHWHFWHG� LQ�PDQ\�EUDLQ�UHJLRQV�>��@��
4XHUFHWLQ�ZDV�DOVR�DFFXPXODWHG�LQ�ORZ�FRQFHQWUDWLRQV�LQ�WKH�EUDLQ��DOWKRXJK�
WKH�PHFKDQLVP�RI�SDVVLQJ�WKH�%%%�LV�QRW�\HW�XQGHUVWRRG�>��@��$EVRUSWLRQ�
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RI�K\GUR[\FLQQDPLF�DFLGV�LQ�WKHLU�IUHH�IRUP�WDNHV�SODFH�WKURXJK�WKH�HQWLUH�
JDVWURLQWHVWLQDO�WUDFW��ZKHUH�WKH�MHMXQXP�LV�DSSDUHQWO\�WKH�PDLQ�VLWH�RI�WKHLU�
DEVRUSWLRQ�� ,W� LV�PDLQO\�D� WUDQVFHOOXODU�PHFKDQLVP� WR� IDFLOLWDWH� WKH�SHUPH-
DWLRQ�RI�IUHH�K\GUR[\FLQQDPLF�DFLGV�DFURVV�WKH�LQWHVWLQDO�HSLWKHOLXP��7KHLU�
PHWDEROLVP�RFFXUV�PDLQO\�LQ�WKH�OLYHU��EXW�DOVR�LQ�WKH�LQWHVWLQH�DQG�WKH�FRORQ��
WKXV� IRUPLQJ� JOXFXURQLF�� VXOIDWHG�� PHWK\ODWHG�� K\GURJHQDWHG�GHK\GURJH-
nated conjugates.

&D൵HLF�DFLG�KDV�EHHQ�PRUH�LQWHQVLYHO\�PHWDEROL]HG�WKDQ�IHUXOLF�DFLG��LWV�
PHWK\ODWHG�GHULYDWLYH���+RZHYHU��FD൵HLF�DFLG�LV�OHVV�DEVRUEHG�DQG�WUDQVSRUWHG�
WKDQ�IHUXOLF�DFLG��0HWDEROLWHV�RI�FKORURJHQLF�DFLG�DUH�HOLPLQDWHG�E\�XULQDU\�
H[FUHWLRQ�#�����RI�WKH�WRWDO�LQWDNH�RI�FKORURJHQLF�DFLG��DQG�RQO\�����±�����
RI�WKH�RULJLQDO�DPRXQW�LV�H[FUHWHG�LQ�LWV�LQWDFW�IRUP��DFFRPSDQLHG�E\�WKH�ORZHU�
DPRXQW�RI�SKHQROLF�DFLGV��SKHQ\O�DFHWLF�DQG�K\GUR[\EHQ]RLF�DFLGV��>��@�

7KH�UHVHDUFK�VWXG\�RQ�ELRDYDLODELOLW\�RI�SRO\SKHQROV�LQ�KRQH\�LQGLFDWHV�
WKDW�DIWHU�DQ�LQWDNH�RI�WZR�KRQH\�W\SHV�LQ�DPRXQWV�RI�����J�NJ�ERG\�PDVV��WKH�
WRWDO�SKHQROLF�FRQWHQW�LQ�SODVPD�RI�WKH����VXEMHFWV�XQGHU�VWXG\�ZDV�LQFUHDVHG�
(p < 0.05). At the same time, plasma antioxidant and reducing capacities 
were increased correspondingly (p < 0.05).

7KHVH� UHVXOWV� VXSSRUWHG� WKH� WKHRU\� WKDW� KRQH\� SRO\SKHQROV� DUH� UHDGLO\�
ELR�DYDLODEOH�DQG�WKHVH�ERRVWV�SODVPDWLF�DQWLR[LGDQW�FDSDFLW\��ZKLFK�LPSURYHV�
WKH�GHIHQVH�DJDLQVW�R[LGDWLYH�VWUHVV��+RZHYHU��WKH�KRQH\�LQ�WKLV�H[SHULPHQW�
GHOLYHUHG�PJ�DPRXQWV�RI�S�K\GUR[\EHQ]RLF�DQG�S�K\GUR[\FLQQDPLF�DFLGV�SHU�
NJ�RI�ERG\�ZHLJKW��DQG�WKH�VXEVHTXHQW�+3/&�DQDO\VLV�GLG�QRW�FRQ¿UP�WKHLU�
FRQFHQWUDWLRQ�LQ�SODVPD��7KLV�PD\�EH�GXH�WR�>�@���L��OHVV�WKDQ�RQH�WKLUG�RI�WKHVH�
FRPSRXQGV�ZHUH�DEVRUEHG���LL��WKHVH�FRPSRXQGV�PD\�KDYH�EHHQ�GLVWULEXWHG�
TXLFNO\� LQWR� SDUWV� RI� WKH� ERG\� RWKHU� WKDQ� SODVPD�� DQG� �LLL�� SUHV\VWHPLF�
PHWDEROLVP�RI�WKH�PRQRSKHQROV�WRRN�SODFH�LQ�WKH�KXPDQ�RUJDQLVP�

0HWK\O�V\ULQJDWH���2�ȕ�'�JHQWLRELRVLGH��OHSWRVSHULQ��DQG�LWV�DJO\FRQH�LQ�
0DQXND�KRQH\�ZHUH�XVHG�WR�GHWHUPLQH�WKHLU�ELRORJLFDO�SRWHQWLDO��7KH�DEVRUS-
WLRQ�DQG�PHWDEROLVP�RI�WKH�SKHQROLF�DFLG�DQG�LWV�JO\FRVLGHV�ZHUH�PRQLWRUHG�
LQ�KXPDQV�DQG�DQLPDOV��,Q�KXPDQV�IHG�ZLWK�0DQXND�KRQH\��PHWK\O�V\ULQJDWH�
ZDV� GHWHFWHG� LQ� ERWK� SODVPD� DQG� XULQH� LQ� LWV� JOXFXURQLGH�� VXOIDWH�� DQG� WKH�
DJO\FRQH�IRUPV��7KH�OHYHOV�RI�WKHVH�VXEVWDQFHV�LQ�SODVPD�UHDFKHG�D�PD[LPXP�
YDOXH� ZLWKLQ� ���±�� K� DIWHU� LQWDNH�� DQG� WKHQ�PRVW� PHWDEROLWHV� GLVDSSHDUHG�
ZLWKLQ���K��6LPXOWDQHRXVO\��D�VLJQL¿FDQW�TXDQWLW\�RI�PHWDEROLWHV�DQG�WUDFHV�
RI� OHSWRVSHULQ�ZHUH� IRXQG� LQ� WKH� XULQH� H[FUHWHG�ZLWKLQ� �� K��7R� FODULI\� WKH�
PHWDEROLF�SDWKZD\V�RI�OHSWRVSHULQ�DQG�PHWK\O�V\ULQJDWH��WKH�FRPSRXQGV�ZHUH�
DGPLQLVWHUHG�VHSDUDWHO\�WR�PLFH��,Q�HDFK�FDVH��WKH�SUHVHQFH�RI�JOXFXURQLGH��
VXOIDWH��DQG�WKH�DJO\FRQH�ZDV�FRQ¿UPHG�LQ�ERWK�SODVPD�DQG�XULQH�>��@�
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7KH�3�JS��SHUPHDELOLW\�JO\FRSURWHLQ��LV�DQ�LPSRUWDQW�SURWHLQ�RI�WKH�FHOO�
PHPEUDQH� WKDW� HOLPLQDWHV� PDQ\� IRUHLJQ� VXEVWDQFHV� RXW� RI� FHOOV� WKURXJK�
WKH� $73�GHSHQGHQW� H൷X[� SXPS�� PHPEHU� RI� WKH� $73�ELQGLQJ� FDVVHWWH�
WUDQVSRUWHUV� �$%&� WUDQVSRUWHUV�� IDPLO\� >�@�� ,W� LV� DOVR� NQRZQ� DV�PXOWLGUXJ�
UHVLVWDQFH�SURWHLQ����053����EHLQJ�UHVSRQVLEOH�IRU�ERWK�GUXJ�UHVLVWDQFH�DQG�
GHFUHDVHG�ELRDYDLODELOLW\�RI�GL൵HUHQW�PHGLFLQHV�GXULQJ�FDQFHU�FKHPRWKHUDS\��
by lowering their intracellular concentrations. On the other hand, both MRPs 
DQG� EUHDVW� FDQFHU� UHVLVWDQFH� SURWHLQ� �%&53�� DUH� LQYROYHG� LQ� WKH� FHOOXODU�
XSWDNH�DQG�WUDQVSRUW�RI�FRQMXJDWHG�ÀDYRQRLG�PHWDEROLWHV�>��@�

'XH�WR�WKH�KLJK�FRQFHQWUDWLRQ�RI�ELR�DYDLODEOH�ÀDYRQRLGV�LQ�KRQH\��LW�FDQ�
EH�DQ�H൶FLHQW�LQKLELWRU�RI�WKH�3�JS��)ODYRQRLGV��VXFK�DV��NDHPSIHURO��JHQLV-
WHLQ��FKU\VLQ��ELRFKDQLQ��TXHUFHWLQ��DQG�QDULQJHQLQ�� LQ�PRVW�RI� WKH�KRQH\V�
DUH�DEOH�WR�LQWHUDFW�ZLWK�3�JS�WUDQVSRUWHUV��7KXV��ÀDYRQRLGV�DUH�EL�IXQFWLRQDO�
LQ� RYHUWXUQLQJ� WKH� PXOWL�GUXJ� UHVLVWDQFH� �0'5�� WKURXJK� WKHLU� WUDQVSRUW�
mechanism and their interaction with P-gp transporters. As a consequence, 
DQ�HQKDQFHPHQW�RI�WKH�WKHUDSHXWLF�LQGH[�FDQ�RFFXU��VR�WKDW�KRQH\�PD\�EH�D�
SRWHQWLDO�QXWUDFHXWLFDO�IRU�SDWLHQWV�VX൵HULQJ�IURP�FDQFHU�>��@�

2.5 BIOLOGICAL ACTIVITIES OF HONEY-BASED POLYPHENOLS

+HDOWK�DQG�GLHW�KDYH�DOZD\V�D�V\PELRWLF�UHODWLRQVKLS�WKDW�SDUWO\�FRQWLQXHV�
WR�EH�XQUDYHOHG��GLHW�KDV�D�GLUHFW�LPSDFW�RQ�KHDOWK��$ULVWRWOH�QRWHG�WKDW�SDOH�
KRQH\� KDV� ³beneficial for sore eyes and skin lesions´� >��@��0DQ\� VLPLODU�
K\SRWKHVHV�UHSUHVHQW�WKH�URRWV�RI�DSLWKHUDS\��D�PRGHUQ�GD\�DOWHUQDWLYH�OLDLVRQ�
RI� PHGLFLQH� ZKRVH� SULPDU\� LQWHUHVW� LV� WKH� SRWHQFLHV� RI� KRQH\� LQFOXGLQJ�
GLYHUVH�EHH�SURGXFWV�IRU�WUHDWPHQW�RI�GLVHDVHV�DQG�LOOQHVVHV�

,Q� VSLWH� RI� KLJK� LQWHUHVW� LQ� KRQH\�� LWV� FRPSRVLWLRQ� LV� QRQHWKHOHVV� VWLOO�
GL൶FXOW� WR� GH¿QH� �GHSHQGV� RQ� VHYHUDO� IDFWRUV��� KRZHYHU� SK\WRFKHPLFDOV�
�VXFK�DV��HQ]\PHV��YLWDPLQV��DQG�SRO\SKHQROV��LQ�KRQH\�SOD\�YLWDO�UROHV�LQ�
RXU�KHDOWK��)LJXUH�����JLYHV�D�JHQHUDO�RYHUYLHZ�RI�WKH�WKHUDSHXWLF�EHQH¿WV�RI�
honey.

2.5.1 ANTIMICROBIAL PROPERTIES OF HONEY

,W� LV�QRW�RQO\�SUXGHQW��EXW�HVVHQWLDO� WR�FKDQQHO� VLJQLILFDQW� UHVHDUFK�HIIRUWV�
LQWR�QDWXUDO� UHPHGLHV� WR� WDFNOH�PLFURELDO� LQIHFWLRQV��$�SOHWKRUD�RI� UHSRUWV�
KDYH�DVFHUWDLQHG�DQG�GHWDLOHG�WKH�DQWLPLFURELDO�DFWLYLW\��in vitro��RI�KRQH\�
IURP�GLYHUVH�VRXUFHV��,W�KDV�EHHQ�UHSRUWHG�WKDW�KRQH\�IURP�Leptospermum 
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50 Plant-Based Functional Foods and Phytochemicals

scoparium RIIHUV� LQKLELWRU\� DFWLYLW\� DJDLQVW� DOPRVW� ��� GLIIHUHQW� EDFWHULDO�
VSHFLHV��VXFK�DV��DQDHURELF�DHURELF��JUDP�QHJDWLYH��DQG�JUDP�SRVLWLYH�>��@�

FIGURE 2.2 7KHUDSHXWLF�RYHUYLHZ�RI�KRQH\�
Source: 6HOI�GHYHORSHG��&RQFHSWV�ZHUH�DGDSWHG�IURP�5HIV��>�����������������������������@�

0DQXND�KRQH\�KDV�DQ�DQWLEDFWHULDO�H൵HFW�DJDLQVW�Pseudomonas aerugi-
nosa �,PLSHQHP�UHVLVWDQW�DQG�VHQVLWLYH���Staphylococcus aureus (methicillin-
UHVLVWDQW�DQG�VHQVLWLYH�, Escherichia coli �SHQLFLOOLQ�UHVLVWDQW�DQG�VHQVLWLYH��
and Streptococcus pyogenes �SHQLFLOOLQ�UHVLVWDQW�DQG�VHQVLWLYH���ZKLOH�KRQH\�
IURP�Nigella sativa LQ�.LQJGRP�RI�6DXGL�$UDELD� RQO\� R൵HUV� DQWLEDFWHULDO�
DFWLYLW\�DJDLQVW�Pseudomonas aeruginosa >�@�

7KH� DQWLELRWLF� SURSHUWLHV� RI� KRQH\� ZHUH� IXUWKHU� FRQ¿UPHG� ZKHQ� S. 
aureus, E. coli, and P. Aeruginosa ZHUH� LVRODWHG� GXULQJ� WKH� WUHDWPHQW� RI�
GLDEHWLF� IRRW�XOFHUV�ZLWK�KRQH\��ZKLFK�SURYHG�H൵HFWLYH�>�@��P. aeruginosa 
LV�D�PDMRU�FDXVDWLYH�RUJDQLVP�IRU�QRVRFRPLDO�LOOQHVV�LQFOXGLQJ�EDFWHUHPLD��
XULQDU\�WUDFW�LQIHFWLRQV��87,V���DQG�SQHXPRQLD��ZKHUHDV�S. pyogenes is the 
OHDGLQJ�FDXVDWLYH�RUJDQLVP�IRU�VNLQ�GLVHDVHV��VXFK�DV��QHFURWL]LQJ�IDVFLLWLV��
impetigo, and cellulitis. In addition to respiratory problems, S. aureus can 
FDXVH� DQ� DUUD\� RI� GLVHDVH�FDXVLQJ� SURWHLQV�� QRW� OLPLWHG� WR� HSLGHUPRO\WLF�
WR[LQV��FDWDODVH��KHPRO\VLQV��DOSKD��EHWD��JDPPD���DQG�HQWHURWR[LQV�>��@�
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$QWLPLFURELDO� SURSHUW\� RI� KRQH\�� H[WUDFWHG� IURP�G. thoracica and H. 
itama, has also been reported against Staphylococcus xylosus �JUDP�SRVLWLYH�
bacteria), Pseudomonas aeruginosa (JUDP�QHJDWLYH� EDFWHULD�� DQG Vibrio 
parahaemolyticus �JUDP�QHJDWLYH�EDFWHULD��LQ�0DOD\VLD�>��@��$PRHELVWDWLF�
and amoebicidal potencies were exhibited in a dose-dependent manner when 
honey was used to treat acanthopodia and resulted in a detached and shrank 
amoebae (Acanthamoeba castellanii) >��@��,Q�the in-vitro experiment, anti-
PLFURELDO�DFWLYLW\�RI�KRQH\�ZDV�FRQ¿UPHG�DJDLQVW H. pylori isolates, a major 
SDWKRJHQ�IRU�JDVWULWLV�>��@��7DEOH�����VKRZV�VRPH�SKHQROLF�FRPSRXQGV�DQG�
WKHLU�LQKLELWRU\�H൵HFWV�RQ�FHUWDLQ�PLFUREHV�>��@�

TABLE 2.1 $QWLPLFURELDO�$FWLYLW\�RI�6RPH�3KHQROLF�&RPSRXQGV�>����������@

Phenolic 
Compound

Antimicrobial 
Activity

Susceptible Microbes

)ODYDQ���RO Antibacterial B. cereus; C. pneumonia. Campylobacter jejuni; 
Clostridium perfringens; Escherichia coli; F. nucleatum; 
H. pylori; L. acidophilus, A. naeslundii; P. gingivalis; 
P. melaninogenica; P. oralis; S. aureus; Streptococcus 
mutans; Vibrio cholera.

$QWLYLUDO $GHQRYLUXV��(QWHURYLUXV��)OX�YLUXV�
$QWLIXQJDO Candida albicans; Microsporum gypseum; Trichophyton 

mentagrophytes; Trichophyton rubrum.
)ODYRQRO Antibacterial E. coli; S. aureus. S. mutans.

$QWLYLUDO +HUSHV�VLPSOH[�YLUXV��+69��W\SH��

Condensed 
tannin

Antibacterial Bacillus clostridium; Campylobacter lysteria;�'LIIHUHQW 
Salmonella strains; Escherichia coli; Staphylococcus 
helicobacter.

$QWLYLUDO Epstein-Barr virus Herpes virus, HSV-1 and HSV-2.
$QWLIXQJDO Candida parapsilosis.

+\GURO\]DEOH�
tannins

Antibacterial Escherichia coli; L. monocytogenes; P. aeruginosa; 
Staphylococcus aureus.

Neolignan Antibacterial 'LIIHUHQW�VWUDLQV�RI�0\FREDFWHULXP�WXEHUFXORVLV�

7KH� DQWLPLFURELDO� SURSHUWLHV� RI� KRQH\� KDYH� EHHQ� ODUJHO\� DWWULEXWHG� WR�
WKH� IRUPDWLRQ� RI� K\GURJHQ� SHUR[LGH� E\� WKH� EHH�GHULYHG� HQ]\PH� JOXFRVH�
R[LGDVH� >��@�� KRZHYHU�RWKHU� IDFWRUV� DUH� VXVSHFWHG� WR� FRQWULEXWH� V\QHUJLVWL-
FDOO\��*OXFRVH�R[LGDVH�HQ]\PH�DFWLYLW\�KDV�EHHQ�REVHUYHG�WR� LQFUHDVH�ZLWK�
PLOG�WKHUPDO�WUHDWPHQW�>��@�DQG�PD\�H[SODLQ�ZK\�DQFLHQW�&KLQHVH�WUDGLWLRQDO�
medicines and some plant-based drugs were sometimes roasted with honey 
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WR�LPSURYH�KHDOWK�WUHDWPHQWV�>��@��+RZHYHU��KHDWLQJ�RI�KRQH\�LV�D�VHHPLQJO\�
GRXEOH�ELQG�DQG�FRQWURYHUVLDO�WRSLF��DV�LW�VKRXOG�DOZD\V�EH�GRQH�ZLWK�FDXWLRQ�
WR�OLPLW�WKH�IRUPDWLRQ�RI�WR[LFDQWV��(OHYDWHG�FRQFHQWUDWLRQ�RI�VXJDUV�LQ�KRQH\�
DOVR�HOLPLQDWHV�PLFUREHV��HVSHFLDOO\�EDFWHULD�WKDW�DUH�VHQVLWLYH�WR�KLJK�RVPRWLF�
SUHVVXUH�DQG�VWRS�WKH�SUROLIHUDWLRQ�RI�PRUH�RVPRWROHUDQW�PLFURRUJDQLVPV�

It has been reported that the antioxidant mechanism, associated with 
KRQH\��FRQWULEXWHV� WR� WKH�KHDOLQJ�RI� VRUHV� >��@�E\� OLPLWLQJ�526� LQGXFWLRQ�
DQG� FUHDWLQJ� D� FRQGLWLRQ� IDYRUDEOH� WR� FHOO� JURZWK� E\� HQKDQFLQJ� K\SR[LD�
LQGXFLEOH�IDFWRU����+,)����PDUNHU��)ODYRQROV��WDQQLQV��DQG�ÀDYDQ���ROV�DUH�
WKH�PDLQ�UHFRJQL]HG�SRO\SKHQROV�LQ�DQWLPLFURELDO�VWXGLHV�GXH�WR�WKHLU�ZLGH�
VSHFWUXP�DQG�WKHLU�DELOLW\�WR�VXSSUHVV�QXPEHU�RI�PLFURELDO�YLUXOHQFH�IDFWRUV��
VXFK�DV��SUHYHQWLRQ�RI�ELR¿OP��FRXQWHUEDODQFH�RI�KDUPIXO�EDFWHULDO� VHFUH-
WLRQV�DQG�D�GHFUHDVH�LQ�WKH�FOLQJLQJ�RI�OLJDQGV�>������@��7KHVH�VWXGLHV�SRUWUD\�
WKDW�KRQH\�PD\�EH�D�WKHUDSHXWLF�DJHQW�IRU�VRPH�VNLQ�GLVHDVHV��UHVSLUDWRU\���
DQG� JDVWURLQWHVWLQDO�LQIHFWLRQV�� ,Q� PLFURRUJDQLVPV�� DQWLELRWLF�UHVLVWDQFH�
SRWHQWLDOLW\�R൵HUHG�E\�KRQH\�LV�VWLOO�QRW�UHSRUWHG�>��@�

2.5.2 IMMUNO-STIMULATORY EFFECT OF HONEY

$�ZHDN� LPPXQH� V\VWHP� LV�RQH�RI� WKH�PDMRU� UHDVRQV�EHKLQG�PDQ\�GHDGO\�
LQIHFWLRQV�DQG�LOOQHVVHV��%LRIRUWLILFDWLRQ�LV�DQ�DOWHUQDWLYH�ZD\�RI�LPSURYLQJ�
WKH�LPPXQH�UHVSRQVH��'DLO\�GRVHV�RI����J�DQG����J�RI�KRQH\�FDQ�LPSURYH�
ERWK�SK\VLFDO��DQG�SV\FKRORJLFDO�TXDOLW\�RI� OLIH� �42/��DQG�&'��OHYHOV� LQ�
KXPDQ�LPPXQRGHILFLHQF\�YLUXV��+,9���DV\PSWRPDWLF��SDWLHQWV��ZKR�DUH�QRW�
RQ�KLJKO\�DFWLYH�DQWLUHWURYLUDO�WKHUDS\��+$$57��>��@��$�JRRG�42/�PHGLDWHV�
disease progression to AIDS. Asymptomatic HIV subjects, who were admin-
LVWHUHG�7XDODQJ�KRQH\��VKRZHG�D�GHFUHDVH�LQ�YLUDO�ORDG��WKXV�XQGHUOLQLQJ�WKH�
SRWHQWLDO�RI�KRQH\�LQ�ERRVWLQJ�WKH�LPPXQH�V\VWHP�LQ�+,9�SDWLHQWV�

+HDWHG�KRQH\�FDQ�EH�KDUPIXO�GXH�WR�WKH�UHOHDVH�RI���K\GUR[\PHWK\OIXU-
IXUDO� ���+0)���D� WR[LF�FRPSRXQG�SURGXFHG� WKURXJK� WKH�0DLOODUG� UHDFWLRQ�
>�@��+RZHYHU�� VRPH� UHVHDUFK� UHSRUWV� KDYH� VXJJHVWHG� SRWHQWLDO� EHQH¿WV� RI�
WKLV�SUDFWLFH��+HDWHG�KRQH\�LV�EHOLHYHG�WR�LQFUHDVH�WKH�LPPXQH�VWLPXODWRU\�
H൵HFW� >��@� IRU� WKH�PDQDJHPHQW� RI� YDULRXV� W\SHV� RI� GLVHDVHV��*UDQXORF\WH�
FRORQ\�VWLPXODWLQJ�IDFWRU��*�&6)��LV�WKH�JO\FRSURWHLQ�WKDW�LV�UHVSRQVLEOH�IRU�
stimulating bone marrow to produce and release stem cells into the blood-
VWUHDP��,WV�VHFUHWLRQ�IURP�HQWHURF\WHV�LV�D�FRPELQDWLRQ�RI�WHPSHUDWXUH�DQG�
WLPH�GHSHQGHQW� SURFHVVHV� WKDW� FDQ� EH� LQGXFHG�E\� KHDWLQJ� WKH� KRQH\� >��@��
0HODQRLGLQV�IURP�WHPSHUDWXUH�WUHDWHG�KRQH\�KDYH�H[KLELWHG�SHUR[\O�UDGLFDO�
VFDYHQJLQJ�DFWLYLW\�>��@�
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0DQXND� KRQH\� FRQWDLQV� D� SRO\P\[LQ� %�LQVHQVLWLYH� PROHFXOH� WKDW� LV�
FDSDEOH�RI�VWLPXODWLQJ�PRQRF\WRLG�FHOOV� LQ�KXPDQV�WR�SURGXFH�D�VLJQDOLQJ�
SURWHLQ� �71)��Į� WKURXJK� DSSURSULDWH� UHFHSWRUV� >��@�� 2WKHU� FRPSRXQGV�
LQ� WKH� KRQH\� FRXOG� DOVR� VWLPXODWH� FKHPRWDFWLF� DFWLYLW\� LQ� WKH� QHXWURSKLOV��
Arabinogalactan proteins in Kanuka honey are highly glycosylated in nature 
ZLWK�D�PROHFXODU�ZHLJKW�RI�����N'D��DQG�WKHVH�ZHUH�LGHQWL¿HG�DV�SUHFXUVRUV�
IRU�71)�DOSKD� >��@��+RQH\�ÀDYRQRLGV� �DSLJHQLQ�DQG�NDHPSIHURO�� VKRZHG�
LQKLELWRU\� IXQFWLRQV� WRZDUGV�71)�DOSKD� LQ�NHUDWLQRF\WHV� LQ�D� FOLQLFDO� WULDO�
>��@��$OWKRXJK�WKH�H[DFW�PHFKDQLVP�EHKLQG�WKH�LPPXQH�VWLPXODWRU\�DELOLW\�
RI�KRQH\�LV�\HW�WR�EH�HOXFLGDWHG��\HW�WKH�SURGXFW�FRQWULEXWHV�WR�WLVVXH�UHJHQ-
HUDWLRQ��UHGXFHV�LQÀDPPDWLRQ��DQG�FOHDUV�LQIHFWLRQV�>��@�

2.5.3 EFFECTS OF HONEY ON CARDIOVASCULAR DISEASES

7KH�LQIOX[�RI�&DUGLRYDVFXODU�GLVHDVHV��&9'V��LV�D�JOREDO�FRQFHUQ�WKDW�FDQ�
EH�SUHYHQWHG�E\�DVVHVVLQJ� WKH� UDPLILFDWLRQV�RI�REHVLW\��K\SHUWHQVLRQ��KLJK�
OLSLG�OHYHOV��GLDEHWHV��DQG�LQDGHTXDWH�GLHW��HWF���>������@��$V�D�PDWWHU�RI�IDFW��
LQFUHDVHG�LQWDNH�RI�GLHWDU\�SRO\SKHQROV�DQG�DQWLR[LGDQWV�PD\�SOD\�D�VWUDWHJL-
FDOO\�YLWDO�UROH�LQ�RYHUFRPLQJ�WKLV�FKDOOHQJH�>�����������������@�ZLWK�D�PDMRU�
UROH�LQ�FKHPLFDO�DQG�SDWKRJHQLF�GHIHQVH�LQ�KXPDQV�>��@�

A strong correlation has been established between regular consumption 
RI�SRO\SKHQROV�DQG�ÀDYRQRLGV�ZLWK� UHODWLYHO\� UHGXFHG�RFFXUUHQFH�RI�&9'V�
LQ�PLGGOH�DJHG�DQG�ORZ�ULVN�0HGLWHUUDQHDQ�VXEMHFWV�>��@��6HYHUDO�ÀDYRQRLGV�
�VXFK�DV��DQWKRF\DQLGLQV��ÀDYDQRQHV��ÀDYRQHV��ÀDYDQROV��DQG�LVRÀDYRQHV�>�@��
KDYH�EHHQ�LGHQWL¿HG�LQ�KRQH\�>�������������@��7KHVH�SUHVHQW�GLYHUVH�SRWHQFLHV��
LQFOXGLQJ�DQWL�LQÀDPPDWRU\�DQG�DQWL�WKURPERWLF�DFWLYLWLHV�E\�FXUELQJ�XQVWDEOH�
R[\JHQ�PROHFXOHV��LQKLELWLQJ�HQ]\PHV��VXSHUR[LGH�DQLRQV��DQG�SHU�R[LGDWLRQ�
SURFHVV�WKURXJK�UHGXFWLRQ�RI�DONR[\O�DQG�SHUR[\O�UDGLFDOV�>��@�

'LHWDU\�SRO\SKHQRO�DFWV�DV�DQ�DQWLR[LGDQW�DQG�UHGXFHV�WKH�ULVN�RI�&9'V�>��@��
3RO\SKHQROV� SURYLGH� DQFLOODULHV�� VXFK� DV�� IUHH�UDGLFDO� VFDYHQJLQJ� DFWLYLWLHV��
WULJJHULQJ�WKH�SURGXFWLRQ�RI�QLWULF�R[LGH��12���FRUUHFWLQJ�LQÀDPPDWLRQ�UHODWHG�
FHOOV�DQG�WKHLU�PROHFXODU�WDUJHWV��V\QWKHVLV�RI�YDVFXODU�UHOD[LQJ�VWUXFWXUHV��OLNH�
SURVWDF\FOLQ� �3*,�����FKHODWLQJ� WUDFH�PHWDO� LRQV�� UHVWRUDWLRQ�RI�Į�WRFRSKHURO�
�PHPEUDQH�EDVHG�DQWLR[LGDQW��DQG�QHXWUDOL]DWLRQ�RI�SURGXFWLRQ�RI�YDVRFRQ-
VWULFWRU�HQGRWKHOLQ����(7����>��@�

$QWLR[LGDQWV�SOD\�D�NH\�UROH�DJDLQVW�XQVWDEOH�PROHFXOHV�LQ�WKH�ERG\�>��@��
+RQH\� IURP�G. thoracica exhibited phenolic compound concentrations as 
high as 99.04 ± 5.14 mg mL±� and 17.67 ± 0.75 mg mL±��IRU�ÀDYRQRLGV�>��@��
Kelulut honey had gallic acid (phenolic compound) (concentration 228.09 ± 
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7.9 to 235.28 ± 0.6 mg kg±���DQG�ÀDYRQRLG�FDWHFKLQ��FRQFHQWUDWLRQ���������
10.1 mg kg±� to 101.5 ± 11.4 mg kg±���>��@��+RQH\�IURP�Ceratonia silique 
LQ�0RURFFR�FRQWDLQV�SKHQROLF�FRPSRXQGV�DQG�ÀDYRQRLGV�WKDW�DUH�FRUUHODWHG�
WR� WKHLU�ELRFKHPLFDO�FRQVWLWXHQWV� >��@��2UDQJH�KRQH\� IURP�7XQLVLD�KDV�DQ�
DQWLR[LGDQW�FRQFHQWUDWLRQ�RI������PJ�RI�FDURWHQH�NJ±��>��@�

)RU� WKH� PDQDJHPHQW� RI� K\SHUWHQVLRQ�� SXOPRQDU\� HGHPD�� DQG� KHDUW�
GLVHDVHV��WKH�GLXUHWLF�SURSHUW\�RI�KRQH\�LV�JUHDWO\�DFNQRZOHGJHG��'LXUHWLF�
SURSHUW\� RI� KRQH\� LV� ODUJHO\� DWWULEXWHG� WR� WKH� DQWLR[LGDQW� IXQFWLRQV� RI�
ÀDYRQRLGV�� &DURE� KRQH\� LQ�0RURFFR�ZDV� QRWHG� IRU� DFWLYLWLHV�� UHODWHG� WR�
WKH�H[FUHWLRQ�RI�LRQV��VRGLXP��SRWDVVLXP��DQG�RWKHU�GLXUHWLF�IXQFWLRQV�WKDW�
SUHVHQWHG� QR� QHJDWLYH� RXWFRPH� IRU� K\SRNDOHPLD� DV� ZLWK� RWKHU� SRSXODU�
FOLQLFDO�GLXUHWLFV� OLNH� IXURVHPLGH��7KH�VRGLXP�H[FUHWLRQ�DFWLYLW\�RI�FDURE�
KRQH\�ZDV�PDLQO\� GXH� WR� WKH� SUHVHQFH�RI�1D�.��&O�PHPEUDQH� WUDQVSRUW�
SURWHLQV�LQ�+HQOH¶V�ORRS��DV�D�UHVXOW�RI�WKH�UHOHDVH�RI�R�$43��DQG�$93�RQ�
WKH�UHQLQ�DQJLRWHQVLQ�DOGRVWHURQH�V\VWHP�>��@�

+RQH\�LQ�FRPELQDWLRQ�ZLWK�SURSROLV�LV�VRPHWLPHV�XVHG�IRU�WKH�QRQ�FOLQLFDO�
WUHDWPHQW�RI�GLYHUVH�GLVHDVHV��,Q�UHFHQW�VWXGLHV��D�FRPELQHG�GHOLYHU\�RI�KRQH\�
SURSROLV�R൵HUHG�VLJQL¿FDQW�GLXUHVLV��KRQH\�DORQH�UHPDUNDEO\�DXJPHQWHG�WKH�
DPRXQW�RI�XULQH�DQG�LQGXFHG�ULGGDQFH�RI�XULQH�HOHFWURO\WH��EXW�SURSROLV�ZKHQ�
VROHO\�DGPLQLVWHUHG�VKRZHG�OHVV�FRQWULEXWLRQ�>��@��+RZHYHU��LRQV�LQ�SODVPD�
did not change when honey was administered alone or in conjunction with 
SURSROLV�>��@��8ULQDU\�12�ZDV�DOVR�HOHYDWHG�EXW�XULQDU\�SURVWDJODQGLQV�ZHUH�
UHGXFHG�ZKHQ�KRQH\�ZDV�RUDOO\�LQJHVWHG�LQ�D�FOLQLFDO�WULDO�>��@�

&OXPSLQJ� RI� SODWHOHWV� RU� DJJUHJDWLRQ� LV� D� VLPLODUO\� LPSRUWDQW� IDFWRU� IRU�
GHYHORSLQJ�&9'V�� SDUWLFXODUO\� WKH� DSSHDUDQFH�RI� SODTXHV� LQVLGH� WKH� DUWHULHV�
�DWKHURVFOHURVLV��>��@��+RQH\�SRO\SKHQROV��VXFK�DV��FDWHFKLQ��TXHUFHWLQ��OXWHROLQ��
UXWLQ��DQG�DSLJHQLQ��LQKLELW�WKH�FOXPSLQJ�RI�SODWHOHWV�WKURXJK�WKH�WKURPER[DQH�
A2 site, in vitro XQGHUVWXGLHV�>��@��4XHUFHWLQ�LV�DOVR�UHVSRQVLEOH�IRU�WKH�UHGXFWLRQ�
RI� V\VWROLF� EORRG�SUHVVXUH� �%3�� DQG�SODVPD�R[LGL]HG�/'/� OHYHOV� LQ�SHUVRQV�
ZLWK�REHVLW\� >��@�� ,W� KDV�EHHQ�SURYHQ� WKDW�ZKHQ�KRQH\��EHHEUHDG�� DQG� UR\DO�
MHOO\�DUH�PL[HG��WKHUH�LV�D�EHQH¿FLDO�H൵HFW�RI�PDLQWDLQLQJ�D�JRRG�ERG\�PDVV�
LQGH[��%0,���7XDODQJ�KRQH\�ZDV�DOVR�UHPDUNDEO\�EHWWHU�IRU�FRQWUROOLQJ�DUWHULDO�
SUHVVXUH�DQG�EORRG�JOXFRVH�LQ�SRVWPHQRSDXVDO�ZRPHQ�>��@�

2.5.4 ANTI-DIABETIC ACTIVITY OF HONEY

,Q�QXWULWLRQDO�FKHPLVWU\��WKH�PHWDEROLF�HIIHFW�RI�FDUERK\GUDWH�LV�IUHTXHQWO\�
demonstrated by its glycemic index (GI). Foods with carbohydrates contribute 
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WR�KLJK�DQG�ORZ�EORRG�JOXFRVH�OHYHOV��UHVSHFWLYHO\��7KH�UHFHQW�IRFXV�RQ�KRQH\�
DV�D�QDWXUDO�IRRG�VXSSOHPHQW�WDNHV�LQWR�DFFRXQW�WKDW�PRQRIORUDO�KRQH\V�KDYH�
GLIIHUHQW�VXJDU�UDWLRV��HVSHFLDOO\�IUXFWRVH�DQG�JOXFRVH�UDWLR�>����������@�

$FDFLD� W\SHV� RI� KRQH\� KDYH� D� FRPSDUDWLYHO\� KLJKHU� FRQFHQWUDWLRQ� RI�
IUXFWRVH�ZLWK�ORZHU�*,�>�@��'HSHQGLQJ�RQ�WKH�RULJLQ�RI�ÀRUDO�KRQH\��WKH�UDWLR�
RI�IUXFWRVH�JOXFRVH�PD\�UDQJH�IURP���±������DQG�����±������>��@��+RQH\V�
ZLWK�ORZ�*,¶V�DUH�PRUH�YDOXHG�FRPSDUHG�WR�KRQH\V�ZLWK�KLJK�*,�EHFDXVH�
IUXFWRVH�DGVRUSWLRQ�LQ�WKH�OLYHU� LV� LQGHSHQGHQW�RI� LQVXOLQ��,W�UDWKHU�LQGXFHV�
OLYHU�HQ]\PHV��VXFK�DV��JOXFRNLQDVH��WKDW�ERRVW�JOXFRVH�DEVRUSWLRQ�LQ�WKH�OLYHU�
>��@��VR�WKDW�LW�FDQ�EH�VWRUHG�DV�JO\FRJHQ��7KLV�PHFKDQLVP�LV�FUXFLDO�IRU�WKH�
UHGXFWLRQ�RI�K\SRJO\FHPLD�E\�IUXFWRVH��)RU�JOXFRVH�LQWROHUDQFH�RU�GLDEHWHV��
KRQH\� VWLPXODWHV� SODVPD� LQVXOLQ� DQG�&�SHSWLGH� WR� FRPSHQVDWH� IRU� LQVXOLQ�
GH¿FLHQF\��+RQH\�FRQVXPSWLRQ�VKLHOGV� WKH�SDQFUHDV� IURP�R[LGDWLYH�VWUHVV�
DQG�FHOOXODU�GDPDJH�>��@��:LWK� LWV� ULFK�SKHQROLF�DQG�DQWLR[LGDQW�FRQWHQWV��
KRQH\� OLPLWV� WKH� SUHVHQFH� RI� R[LGL]HG� ORZ�GHQVLW\� OLSRSURWHLQ� �R[�/'/���
SUHYHQWV� R[LGDWLRQ� LQ� FHOO� PHPEUDQH� OLSLGV�� DQG� VWUHQJWKHQV� LQWUDFHOOXODU�
DQWLR[LGDQW�GHIHQVH�WR�FRQWURO�LQÀDPPDWLRQ�LQ�VHYHUDO�WLVVXHV��RUJDQV��DQG�
HQGRWKHOLDO�FHOOV�>������@�

2.5.5 ANTI-MUTAGENIC AND ANTI-CANCER ACTIVITIES OF 
HONEY

&DQFHU�DSSHDUV�GXH�WR�WKH�SUROLIHUDWLRQ�RI�DEQRUPDO�FHOOV�WKDW�GR�QRW�FRUUH-
VSRQG� WR� QRUPDO� UHJXODWRU\� PHFKDQLVPV� WKURXJK� GHYHORSPHQWDO� VWDJHV�
NQRZQ�DV�FDUFLQRJHQHVLV�>������@��+RZHYHU��WKH�H[DFW�FDXVH�DQG�PHFKDQLVP�
RI�WKLV�FKURQLF�GLVHDVH�LV�DQ�HPSLULFDO�TXHVWLRQ�DQG�LW�LV�VWLOO�XQGHU�LQYHVWLJD-
WLRQ��,W�LV�EHOLHYHG�WKDW�FDQFHU�DSSHDUV�DV�D�UHVXOW�RI�FHOO�JHQRPH�GHVWUXFWLRQ�
GXH�WR�D�JHQHWLF�GLVRUGHU�RU�LPSURSHU�OLIHVW\OH�>��@�

$FFRUGLQJ�WR�%DGRODWR�HW�DO��>��@��K\GURJHQ�SHUR[LGH�SOD\V�D�VLJQL¿FDQW�
UROH�LQ�WKH�FDQFHU�JDPXW��(OHYDWHG�OHYHOV�E\�VRPDWLF�FDQFHU�FHOOV�SURPRWH�VHOI�
DOWHUDWLRQV�WKDW�DUH�LPSOLFDWHG�LQ�FDQFHU�GHYHORSPHQW��7KLV�ZDV�VXEVWDQWLDWHG�
E\�/ySH]�/i]DUR� >��@��ZKR� IRXQG� WKDW� K\GURJHQ�SHUR[LGH� FDQ� VHOHFWLYHO\�
WULJJHU�WKH�DSRSWRVLV�LQ�FDQFHU�FHOOV�DQG�UHGXFH�WKH�DFWLYLW\�RI�VRPH�DQWLFDQFHU�
GUXJV��FRPPRQO\�XVHG�LQ�WKH�FOLQLFDO�SUDFWLFH��2[LGDWLYH�VWUHVV�KDV�DOVR�EHHQ�
QRWHG�WR�SURPRWH�WKH�FDUFLQRJHQHVLV�WKURXJK�IUHH�UDGLFDOV�>��@�

&DQFHUV�ZKLFK�DUH�GHYHORSHG�GXH�WR�GLHW�DQG�OLIHVW\OH�DUH�PRUH�SURPLQHQW�
LQ�GHYHORSHG�FRXQWULHV��ZKLOH�FDQFHUV�DV�D�UHVXOW�RI�LQIHFWLRQ�DUH�UHSRUWHG�LQ�
GHYHORSLQJ�FRXQWULHV��7KLV�KDV�GULYHQ�PXFK�IRFXV�RQ�WKH�FKHPRSUHYHQWLYH�
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PHDVXUHV� WR� FXUE� WKLV� HSLGHPLF� >��@�� +RQH\� LV� FRQVLGHUHG� DV� D� SRWHQWLDO�
FKHPRSUHYHQWLYH�DJHQW�>��@��)LJXUH�����VKRZV�WKH�QXWUDFHXWLFDO�UHODWLRQVKLS�
between honey and cancer.

FIGURE 2.3 &RPELQHG�HIIHFW�RI�KRQH\�FRQVWLWXHQWV�LQ�FDQFHU�SUHYHQWLRQ�
Source: 6HOI�GHYHORSHG��&RQFHSWV�ZHUH�DGDSWHG�IURP�5HIV��>������������������������������@�

7KH�DQWLFDQFHU�DFWLYLW\�RI�KRQH\�KDV�EHHQ�LQYHVWLJDWHG�DQG�FRQ¿UPHG�LQ�
GL൵HUHQW�JURXSV�RI�WLVVXHV�DQG�FHOO�OLQHV��VXFK�DV��FRORUHFWDO���EUHDVW���HQGR-
PHWULDO��� SURVWDWH��� UHQDO��� RUDO��� DQG� FHUYLFDO�FDQFHU� >��@�� 7XDODQJ� KRQH\�
ZLWK�GL൵HUHQW�FRQFHQWUDWLRQV��UDQJLQJ�IURP��±����VKRZHG�H൵HFWLYHQHVV�LQ�
FRQWUROOLQJ�FDQFHU�FHOO�SUROLIHUDWLRQ�ZLWK�GRVH��DQG�WLPH�GHSHQGHQW�PDQQHUV�
>��@��,W�KDV�EHHQ�UHSRUWHG�WKDW�WUHDWPHQW�ZLWK�7XDODQJ�KRQH\��GRVH����JGD\±� 
IRU����ZHHNV��VLJQL¿FDQWO\�SURPRWHG�WKH�ZKLWH�EORRG�FHOO�DQG�SODWHOHW�FRXQWV��
but also creatinine concentration in postmenopausal breast cancer in women 
>��@�

&RQYHQWLRQDO�KRQH\�LV�D�YLDEOH�RSWLRQ�IRU�WKH�SURSK\OD[LV�DQG�WUHDWPHQW�
RI�UDGLRWKHUDS\�LQGXFHG�RUDO�PXFRVLWLV�>��@��$FFRUGLQJ�WR�=DLGD�HW�DO��>��@��
WKH�FRPELQDWLRQ�RI�7XDODQJ�KRQH\�DQG�DQDVWUR]ROH�SUHVHQWHG�KLJKHU�LPSDFW�
WKDQ� VROH� DGPLQLVWUDWLRQ�RI� DQDVWUR]ROH� WR�GHFUHDVH� WKH�EUHDVW�EDFNJURXQG�
SDUHQFK\PDO�HQKDQFHPHQW� �%3(�� LQ�EUHDVW�FDQFHU�SRVWPHQRSDXVDO� IHPDOH�
SDWLHQWV�KDYLQJ�D�SRVLWLYH�UHFHSWRU��(5���IRU�HVWURJHQ�
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2.6 SUMMARY

7KH�SURFHGXUHV�WR�SXULI\�WKH�SKHQROLF�FRPSRXQGV�IURP�KRQH\�DUH�GLIIHUHQW�
W\SHV� RI� H[WUDFWLRQ� �WUDGLWLRQDO� VROLG�OLTXLG�� OLTXLG�OLTXLG� RU� DOWHUQDWLYH�
PHWKRGV�� PHWKRGV� EHIRUH� FKURPDWRJUDSKLF� VHSDUDWLRQ�� LGHQWLILFDWLRQ�� DQG�
TXDQWLILFDWLRQ�� 7KH� \LHOG� RI� WKHVH� FRPSRXQGV�� KRZHYHU�� GHSHQGV� RQ� WKH�
LQIOXHQFLQJ�IDFWRU��$�FRPELQDWLRQ�RI�/&�WHFKQLTXHV�ZLWK�89�RU�06�GHWHF-
WLRQ�LV�WKH�PRVW�IUHTXHQW�PHWKRG�IRU�WKH�GHWHFWLRQ�RI�SKHQROLFV�FRPSRXQGV�
in honey.

$V� ELRORJLFDOO\� DFWLYH� FRPSRXQGV�� ÀDYRQRLGV� LQ� DJO\FRQH� IRUP� DUH�
present in honey due to their hydrolysis during honey production by bees. 
$JO\FRQHV�DUH�PRUH�IDYRUHG�LQ�WHUPV�RI�DEVRUSWLRQ�LQ�WKH�JXW�FRPSDUHG�WR�
WKHLU�JO\FRVLGHV��ZKLFK� LPSO\�DQ�RSWLPXP�ELRDYDLODELOLW\�RI�ÀDYRQRLGV� LQ�
KRQH\��7KHUH�DUH�UHFHQW�HQFRXUDJLQJ�UHSRUWV��UHYHDOLQJ�WKDW�ÀDYRQRLGV�FDQ�EH�
incorporated in lipoprotein domains and plasma membranes. As these sites 
DUH�XVXDOO\�WDUJHWV�RI�OLSLG�SHUR[LGDWLRQ��ÀDYRQRLGV�DUH�VXSSRVHG�WR�KDYH�D�
SURWHFWLYH� LQWHUDFWLRQ�ZLWK� OLSLG�ELOD\HUV��7KH\�FDQ�DOVR�DFFXPXODWH� LQ� WKH�
QXFOHXV�DQG�PLWRFKRQGULD��D൵HFWLQJ�GLYHUVH�FHOO�PHWDEROLF�IXQFWLRQV�

Generally, thorough studies on the bio-accessibility and pharmacokinetics 
RI�SRO\SKHQROV�ZLWK�WKH�KXPDQ�PRGHO�DUH�QHFHVVDU\�EHFDXVH�PDQ\�DVSHFWV�
RI� WKH� IDWH� RI� SRO\SKHQROV� XSRQ� LQJHVWLRQ� DUH� VWLOO� XQNQRZQ�� ,Q� DGGLWLRQ��
GDWD�UHSRUWHG�RQ�DEVRUSWLRQ�DUH�RIWHQ�LQFRQVLVWHQW�DQG�YDULDEOH��3RO\SKHQROV�
LQ�KRQH\�KDYH�EHHQ�DVVRFLDWHG�WR�DQWL�LQÀDPPDWRU\��DQWL�GLDEHWLF��DQG�DQWL-
PLFURELDO�DFWLYLWLHV��)XUWKHUPRUH��KRQH\�EDVHG�SRO\SKHQROV�UHGXFH�ULVNV�RI�
PHWDEROLF�GLVRUGHU��DEQRUPDOLWLHV�LQ�FDUGLRYDVFXODU��UHVSLUDWRU\��DQG�LPPXQH�
V\VWHPV��6RPH�RI�WKHVH�KHDOWK�SRWHQWLDOV�KDYH�DOUHDG\�EHHQ�SURYHQ�FOLQLFDOO\��
EXW�D�PRUH�LQ�GHSWK�LQYHVWLJDWLRQ�LV�QHHGHG��([WUDSRODWLRQ�RI�WKH�UHVXOWV�LQ�
a more precise and judicious way may encourage the community to accept 
honey as a therapeutic against some chronic diseases.
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TROPICAL HERBS AND SPICES 
AS FUNCTIONAL FOODS WITH 
ANTIDIABETIC ACTIVITIES

ARNIA SARI MUKAROMAH and FITRIA SUSILOWATI

CHAPTER 3

ABSTRACT

7KH�KLJK�ELRGLYHUVLW\�RI�KHUEV�DQG�VSLFHV�DUH�FRQFRPLWDQW�ZLWK�WKH�HWKQR-
ERWDQLFDO� PHGLFLQHV� WKDW� DUH� XVHG� DV� QDWXUDO� IRRG� SUHVHUYDWLYHV�� KHUEDO�
PHGLFLQH��FRVPHWLFV��FURS�SURWHFWLRQ��HWF��+HUEV�DQG�VSLFHV��VXFK�DV��FHOHU\��
FORYH�� FXPLQ�� JDUOLF�� JLQJHU�� QXWPHJ�� RQLRQ�� UHG� SHSSHU�� WDPDULQG�� DQG�
WXUPHULF��DV�IXQFWLRQDO�IRRGV�FDQ�UHGXFH�WKH�ULVN�IDFWRUV�UHODWHG�WR�diabetes 
mellitus� WKDW� LV� DVVRFLDWHG� ZLWK� FDUGLRYDVFXODU� LOOQHVV�� VWURNH�� GLDEHWLF�
retinopathy (eye damage), diabetic nephropathy (kidney damage), diabetic 
QHXURSDWK\��QHUYH�GDPDJH��DQG�GLDEHWLF�IRRW��XOFHUV���7KHVH�SODQWV�DUH�ULFK�
LQ� ELRDFWLYH� FRPSRXQGV�� VXFK� DV�� SKHQROLFV�� WHUSHQRLGV�� IODYRQRLGV�� DQG�
[\ORJOXFDQ��7KLV�FKDSWHU�KLJKOLJKWV�SK\WRFKHPLFDOV�LQ�KHUEV�DQG�VSLFHV�IRU�
DQWL�GLDEHWLF�DFWLYLW\�

3.1 INTRODUCTION

'LDEHWHV�LV�RQH�RI�WKH�PDLQ�PHWDEROLF�GLVRUGHUV�RI�WKH�HQGRFULQH�V\VWHP��ZKLFK�
LV�XVXDOO\�DWWULEXWHG�E\�LQFUHDVLQJ�EORRG�VXJDU�OHYHOV�>���@��$FFRUGLQJ�WR�WKH�
WHO report, 1.6 million deaths in 2016 were due to diabetes. International 
Diabetes Federation Atlas (IDFA) indicated that approximately, about 8.8% 
RI�DGXOWV����±���\HDUV��ZHUH�OLYLQJ�ZLWK�GLDEHWHV�LQ������>��@��7UDGLWLRQDO�
QDWXUDO�KHUEV�KDYH�DQ�LPSRUWDQW�UROH�WR�FRQWURO�GLDEHWHV�

7URSLFDO�KHUEV�DQG�VSLFHV�EHORQJ�WR�VHYHUDO�IDPLOLHV��QDPHO\��Achariaceae, 
Amaryllidaceae, Apiaceae, Asteraceae, Brassicaceae, Euphorbiaceae, Faba-
ceae, Lamiaceae, Myrtaceae, Oxalidaceae, Poaceae, Rubiaceae, Rutaceae, 

A
pp

le
 A

ca
de

m
ic

 P
re

ss

A
ut

ho
r C

op
y

Non Commercial Use



66 Plant-Based Functional Foods and Phytochemicals

Solanaceae, and Zingiberaceae. 1XPHURXV�LQYHVWLJDWLRQV�KDYH�EHHQ�SHUIRUPHG�
RQ�WKH�LVRODWLRQ��VWUXFWXUH�LGHQWL¿FDWLRQ��SURGXFWLRQ��DQG�ELRORJLFDO�DFWLYLWLHV�
RI�KHUEV�DQG�VSLFHV�ZLWK�DQWL�GLDEHWLF�DFWLYLWLHV�>������������������@�

7KLV� FKDSWHU� UHSUHVHQWV� FRPSUHKHQVLYH�RQ� FRPPRQ� WURSLFDO� KHUEV� DQG�
VSLFHV�ZLWK� DQWL�GLDEHWLF� DFWLYLWLHV��7KH� FKDSWHU� DOVR� LQFOXGHV�ELRFKHPLFDO�
PHFKDQLVPV�RI�ELRPROHFXOHV�

3.2 DIABETES MELLITUS

Diabetes has been dramatically rising during 1980 till date. According to 
:+2������PLOOLRQ�DGXOWV�VXIIHU�IURP�W\SH���GLDEHWHV��7KH�FRPPRQ�VLJQ�RI�
GLDEHWHV�LV�LQGLFDWHG�E\�HQKDQFLQJ�RI�EORRG�JOXFRVH�OHYHO�DQG�DEQRUPDOLW\�RI�
JOXFRVH�PHWDEROLVP�>���@��'LDEHWHV�LV�FODVVLILHG�DV�

• Type-1 Diabetes:� ,W� UHIHUUHG� WR� LQVXOLQ�GHSHQGHQW�diabetes mellitus 
�,''0�� DQG� DSSHDUV� LQ� WKH� HDUO\� KXPDQ� OLIH� DQG� V\PSWRPV� DUH�
TXLFNO\� GHWHFWHG�� 3DWLHQWV� ZLWK� 7\SH��� GLDEHWHV� ORRVH� DELOLW\� WR�
SURGXFH� DGHTXDWH� LQVXOLQ� EHFDXVH� RI� WKH� GHVWUXFWLRQ� RI� SDQFUHDWLF�
ȕ�FHOOV��'LDEHWLF�WKHUDS\�LV�UHTXLUHG�WR�PDLQWDLQ�EORRG�JOXFRVH�OHYHO��
7KH� SUHOLPLQDU\� WKHUDSLHV� DUH� FRQWURO� RI� GLHWDU\� LQWDNH� DQG� LQVXOLQ�
therapy.

• Type-2 Diabetes:� ,W� LV� UHIHUUHG� WR� QRQ�LQVXOLQ�GHSHQGHQW� diabetes 
mellitus �1,''0���ZKLFK�DULVHV�VORZO\�LQ�ROGHU�DQG�REHVH�LQGLYLGXDOV�
ZLWK�H[KLELWHG�XQUHFRJQL]HG�V\PSWRPV��,Q�WKLV�FDVH��LQVXOLQ�LV�SURGXFHG�
IURP�WKH�SDQFUHDWLF�LVOHWV�EXW�VHYHUDO�IHDWXUHV�RI�WKH�LQVXOLQ�UHVSRQVH�
V\VWHP� DUH� IDLOHG�� &KDUDFWHULVWLFV� LQ� D� W\SH��� GLDEHWLF� SDWLHQWV� DUH��
�D�LQDELOLW\� WR�XSWDNH�RI�JOXFRVH�LQ�DQ�HIILFLHQW�ZD\�IURP�WKH�EORRG��
�E�� LQFRPSOHWH� IDWW\� DFLG�R[LGDWLRQ� LQ� WKH� OLYHU�� �F�� DFFXPXODWLRQ�RI�
DFHW\O� FR�$�� �G�� RYHUSURGXFWLRQ� RI� NHWRQH� ERGLHV�� DFHWRDFHWDWH�� DQG�
ȕ�K\GUR[\EXW\UDWH�LQ�WKH�EORRG���H��ORZHULQJ�EORRG�S+��DQG��I��LQVXOLQ�
resistance in type-2 diabetes.

'LDEHWLF�FKDUDFWHULVWLF� V\PSWRPV�DUH�� �D�� H[FHVVLYH� WKLUVW� DQG� IUHTXHQW�
XULQDWLRQ��SRO\XULD����E��LQWDNH�RI�D�ODUJH�YROXPH�RI�ZDWHU��SRO\GLSVLD���DQG�
H[FUHWLRQ�RI�JOXFRVH�LQ�WKH�XULQH��JOXFRVXULD���+HDOWK�PDQDJHPHQW�IRU�W\SH���
GLDEHWHV�SDWLHQWV� LQYROYHV� >��@�� �D��GLHWDU\� UHVWULFWLRQ�� �E��SHUIRUP�UHJXODU�
ERG\�H[HUFLVH��DQG��F��DYRLG�GUXJV�WKDW�HQKDQFH�LQVXOLQ�VHQVLWLYLW\�RU�LQVXOLQ�
production.

$FFRUGLQJ�WR�IDVWLQJ�SODVPD�JOXFRVH�WHVW��)3*��YDOXHV��VXEMHFWV�DUH�FDWHJR-
UL]HG�DV������QRUPDO�IDVWLQJ�JOXFRVH��)3*�����PJG/±� (5.6 mmol L±��@�������
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LPSDLUHG�IDVWLQJ�JOXFRVH��,)*���)3*����±����PJG/±������±����PPRO�/±�����
DQG�����SURYLVLRQDO�GLDJQRVLV�RI�GLDEHWHV��)3*�������PJG/±� (7.0 mmol L±�)).

)XUWKHUPRUH�� RUDO� JOXFRVH� WROHUDQFH� WHVW� �2*77�� DOVR� FDQ� EH� XVHG� WR�
FDWHJRUL]H�VXEMHFWV�DV������QRUPDO�JOXFRVH�WROHUDQFH����K�SRVW�ORDG�JOXFRVH��
140 mg dL±� (7.8 mmol L±���������LPSDLUHG�JOXFRVH�WROHUDQFH��,*7�����K�SRVW�
ORDG�JOXFRVH� ���±����PJ�G/±�� ����±�����PPRO�/±����� DQG� ���� SURYLVLRQDO�
GLDJQRVLV�RI�GLDEHWHV���K�SRVW�ORDG�JOXFRVH�������PJ�G/±� (11.1 mmol L±�)).

$FFRUGLQJ� WR� WKH�SUHYLRXVO\�PHQWLRQHG� LQIRUPDWLRQ��SDWLHQWV�ZLWK� ,)*�
DQG�RU�,*7�DUH�UHIHUUHG�WR�WKH�SUH�GLDEHWHV�JURXS��3UH�GLDEHWHV�SDWLHQWV�KDYH�
D�KLJK�ULVN�RI�HQFRXQWHU�E\�diabetes mellitus (DM). ,Q�DGGLWLRQ��,)*��DQG�,*7�
DUH�UHODWHG�WR�RWKHU�PHWDEROLF�V\QGURPHV��VXFK�DV��REHVLW\��G\VOLSLGHPLD�E\�
DEQRUPDO�EHKDYLRU�RI�KLJK�WULJO\FHULGH�DQG�RU�ORZ�KLJK�GHQVLW\�OLSRSURWHLQ��
DQG�K\SHUWHQVLRQ�>�@�

2EHVLW\� LV� D� OLIH�WKUHDWHQLQJ�PHWDEROLF� GLVHDVH��ZKLFK� FRQVXPHV�PRUH�
FDORULHV� IURP� WKH� GLHW� WKDQ� XQGHU� QRUPDO� FRQGLWLRQV�� ,W� WULJJHUV� VHYHUDO�
diseases, such as, type-2 diabetes, heart attack, stroke, and cancers in the 
FRORQ�� EUHDVW�� HQGRPHWULXP�� DQG� SURVWDWH� >��@�� 7KHUHIRUH�� REHVLW\�� DQG�
GLDEHWHV�DUH�SRVLWLYHO\�FRUUHODWHG�DV� WKH�PDLQ� WDUJHW�RI�PHWDEROLF�GLVRUGHU�
UHVHDUFK�� ,Q� KXPDQV�� WKH� SUHYHQWLRQ� RI� GLDEHWHV� FDQ� EH� DFKLHYHG� E\� WKH�
FRQVXPSWLRQ�RI�DQWLR[LGDQW�ULFK�IRRGV���VXFK�DV��KHUEV�DQG�VSLFHV��>��@�

3.3 TROPICAL HERBS AND SPICES

+LVWRULFDO�UHFRUGV�LQGLFDWH�WKDW�WKH�XVHV�RI�KHUEV�DQG�VSLFHV�KDYH�DQ�LPSRUWDQW�
UROH�LQ�KXPDQ�QXWULWLRQ��LQ�IRRG�SUHVHUYDWLRQ�DQG�IODYRULQJ�DJHQWV�>������@��,Q�
19th�FHQWXU\��³6LON�5RDG��D�WUDGH�URXWH�FRQQHFWLQJ�HDVW�DQG�ZHVW�FLYLOL]DWLRQ´�
SURPRWHG�WKH�XVH�RI�KHUEV�DQG�VSLFHV�DW�DQ�DIIRUGDEOH�FRVW�>���@��$OVR��KHUEV��
DQG�VSLFHV�ZHUH�XWLOL]HG�DV�WKH�VRXUFH�RI�PHGLFLQDO�WKHUDS\�LQ�DQFLHQW�(J\SW�
DQG�$VV\ULD��DQG�IRU�FXOLQDU\�SXUSRVHV�>��@�

7KH�0HUULDP�:HEVWHU�GLFWLRQDU\�GH¿QHV�³herbs as any plant or parts of 
plants, which are valuable for its medicinal, savory or aromatic qualities�´�
2IWHQ�VSLFHV�EHORQJ�WR�YHJHWDEOH�SURGXFWV��VXFK�DV��SHSSHU�RU�QXWPHJ��DQG�
DUH� RIWHQ� XVHG� DV� VHDVRQDO� IXQFWLRQDO� RU� ÀDYRU� IRRGV� >��@��7KH� )RRG� DQG�
$JULFXOWXUH�2UJDQL]DWLRQ� �)$2�� LQGLFDWHG� WKDW� DURXQG��������SODQWV�ZHUH�
XVHG�DV�PHGLFLQDO�SODQWV�LQ������DQG�PRVW�RI�WKHP�DUH�DOVR�SUHVHQWO\�XVHG�DV�
KHUEV�DQG�VSLFHV�>��@�

In 2016, Royal Botanic Gardens in Kew reported that 17,810 species 
ZHUH� XVHG� IRU� PHGLFLQDO� SXUSRVHV� DPRQJ� ������� SODQWV� >��@��$� WURSLFDO�
HQYLURQPHQW�ZLWK�KLJK�KXPLGLW\�DQG�UDLQIDOO�KDV�EHFRPH�KRPH�IRU�PLOOLRQV�
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RI�KHUEV�DQG�VSLFHV��VXFK�DV��FLQQDPRQ��FORYH��QXWPHJ��SHSSHU��JLQJHU��FLWUXV��
VD൵URQ��WXUPHULF��HWF�

7KH�KHUEV�DQG�VSLFHV�KDYH�EHHQ�XVHG�WR�FXUH�IHYHU��QDXVHD��VFDUV��FROGV��
headaches, arthritis, etc. Ephedra (Ma huang��&KLQHVH�KHUE��LV�XVHG�WR�UHOLHYH�
asthma, whereas willow tree bark and Salix alba�KHOSHG�WR�UHOLHYH�IHYHU�>��@��
+HUEDO�NQRZOHGJH�KDV�EHHQ�SDVVHG�GRZQ�IURP�RQH�JHQHUDWLRQ� WR� WKH�QH[W�
WKURXJK�RUDO�FRQYHUVDWLRQ�DQG�GDLO\�ULWXDOV�

5HVHDUFK�FRQWLQXHV�RQ�XVHIXOQHVV�RI�WKHVH�WUDGLWLRQDO�UHPHGLHV��VXFK�DV��
�D��JLQJHU�LV�IRU�UHOLHYHV�IURP�QDXVHD���E��WXUPHULF�WR�KHOS�DUWKULWLV�V\PSWRPV��
DQG��F��FLQQDPRQ�DQG�VD൵URQ�IRU�UHGXFLQJ�EORRG�VXJDU�OHYHOV��7KHVH�GD\V��
SHRSOH�KDYH�IDLWK� LQ� WUDGLWLRQDO�QDWXUDO�UHPHGLHV�EHFDXVH�RI�VHYHUDO�KHDOWK�
EHQH¿WV��7KH�:RUOG�+HDOWK�2UJDQL]DWLRQ��:+2��LQGLFDWHV�WKDW�DURXQG�����
RI� WKH�ZRUOG� SRSXODWLRQ� HQWUXVW� RQ� WUDGLWLRQDO�PHGLFLQH� WR�PDLQWDLQ� JRRG�
KHDOWK�>������@�

3.4 FUNCTIONAL FOODS

7KH�WHUP�RI�IXQFWLRQDO�IRRG�ZDV�ILUVW�FRLQHG�DV�)RRGV�IRU�6SHFLILHG�+HDOWK�
8VHG� �)26+8�� LQ� -DSDQ� �������� 7RGD\�� IXQFWLRQDO� IRRGV� DUH� XVHG� IRU�
VSHFLILF�KHDOWK�EHQHILWV��)RU�GHFDGHV��QXPHURXV�UHVHDUFK�VWXGLHV�RQ��SODQW�
EDVHG� ELRDFWLYH� FRPSRXQGV�� GHYHORSPHQW� RI� IXQFWLRQDO� IRRGV� LQ� D� VPDUW�
ZD\��(YLGHQFHV�SRUWUD\�WKDW�PDQ\�KHUEV�DQG�VSLFHV�VKRZ�VSHFL¿F�ELRORJLFDO�
DFWLYLWLHV�EHVLGHV�WKHLU�QXWULWLRQDO�YDOXHV��3K\WRFKHPLFDOV�LQ�KHUEDO�PHGLFLQH�
interact with the human body, metabolic, and immune systems against 
VHYHUDO�GLVHDVHV��+HUEV�DQG�VSLFHV�DUH�FRQVLGHUHG�DV�IXQFWLRQDO�IRRGV�>��@�

3.5 HERBS AND SPICES AS ANTI-DIABETIC AGENTS

,Q�WURSLFDO�UHJLRQV��KHUEV��DQG�VSLFHV�KDYH�UHFHLYHG�LPSRUWDQFH�DV�WKHUDSHXWLF�
DJHQWV��7KHVH�SODQWV�RIIHU�DQWL�GLDEHWLF�DFWLYLWLHV��)LJXUH�����VKRZV�WURSLFDO�
KHUEV�DQG�VSLFHV�WKDW�KDYH�DQWL�GLDEHWLF�DFWLYLWLHV�

3.5.1 CELERY

Celery (Apium graveolens��LV�D�FRPPHUFLDO�VHHG�VSLFH�IRU�XVH�LQ�IODYRULQJ�
DQG�VHDVRQLQJ�RI�WKH�IRRG��&HOHU\�OHDYHV�DUH�RUGLQDULO\�XVHG�LQ�FRRNLQJ�WR�DGG�
D�EDOP\�IODYRU�WR�IRRGV��&HOHU\�OHDYHV�DUH�FRPPRQO\�GULHG�DQG�DUH�VSULQNOHG�
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LQ�VRXSV��VWHZV��DQG�EDNLQJ�SXUSRVHV��IULHG��DQG�URDVWHG�IRRGV��DQG�HYHQ�WKH�
uncooked celery is an edible item. It is introduced in a salad or as a garnish. 
7KLV�SODQW�SRVVHVVHV�PDQ\�KHDOWK�EHQHILWV��VXFK�DV��DQWLR[LGDQW��DQWL�GLXUHWLF��
hypolipidemic, hypoglycemic, etc.

FIGURE 3.1 7URSLFDO�KHUEV�DQG�VSLFHV�ZLWK�DQWL�GLDEHWLF�DFWLYLWLHV�
Source: 6HOI�GHYHORSHG�ZLWK�FRQFHSWV�IURP�5HIV��>�������@�

*HORGDU�HW�DO��>��@�UHSRUWHG�WKDW�FHOHU\�UHGXFHG�EORRG�JOXFRVH�LQ�GLDEHWLF�
PLFH��)RU� WKH�SXUSRVH�RI� WKH�H[SHULPHQW�����RXW�RI����PLFH�ZHUH�LQGXFHG�
by alloxan (170 mg kg±��� DQG� GLYLGHG� LQWR� �� JURXSV� ���PLFH� SHU� JURXS���
$QRWKHU���PLFH�ZHUH�FKRVHQ�DV�FRQWURO�JURXS�UHFHLYLQJ�QHLWKHU�DOOR[DQ�QRU�
FHOHU\�EDVHG�GLHW�� )ROORZLQJ� WKLV�� �� JURXSV�RI� DOOR[DQ�LQGXFHG�PLFH�ZHUH�
WUHDWHG�ZLWK�D�FHOHU\�EDVHG�GLHW��������RI�WKH�ERG\ZHLJKW��IRU����GD\V��7KH�
UHPDLQLQJ���PLFH�ZHUH�FKRVHQ�DV�D�QHJDWLYH�FRQWURO�JURXS�UHFHLYLQJ�DQ�RQO\�
LQWUDSHULWRQHDO�LQMHFWLRQ�RI�DOOR[DQ��$V�D�UHVXOW��WKH�FRQFHQWUDWLRQ�RI�JOXFRVH��
FKROHVWHURO�� DQG�FUHDWLQLQH� DQG� WKH� DFWLYLWLHV�RI�$/7��$67�� DQG�$/3�ZHUH�
ORZHU�LQ�WKH�FHOHU\�WUHDWHG�JURXS��3�������>��@�

$�UHVHDUFK�VWXG\�LQGLFDWHG�WKDW�OHDI�H[WUDFW�RI�FHOHU\�KDV�WKH�SRWHQWLDO�WR�
UHGXFH�EORRG�JOXFRVH�OHYHOV�LQ�HOGHUO\�SUH�GLDEHWLF�SDWLHQWV��7KH�H[SHULPHQW�
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ZDV�SHUIRUPHG�ZLWK����HOGHUO\�SUH�GLDEHWLF�SDWLHQWV����PDOHV�DQG����IHPDOHV��
ROGHU�WKDQ����\HDUV���7ZR�JURXSV�ZHUH�IRUPHG��D�FRQWURO��SODFHER��JURXS�DQG�
D�WUHDWHG��FHOHU\�OHDI�H[WUDFW��JURXS��7KH�WUHDWHG�JURXS�ZDV�JLYHQ�D�FHOHU\�
OHDI�H[WUDFW�LQ�D�FDSVXOH�#�����PJ�����PLQXWHV�EHIRUH�D�PHDO��WKUHH�WLPHV�
SHU�GD\��IRU����GD\V��7KLV�VWXG\�VKRZHG�WKDW�WKH�FHOHU\�FDSVXOH�ZDV�DEOH�WR�
ORZHU�WKH�EORRG�JOXFRVH�OHYHO�>���@�

&HOHU\� FRQWDLQV� DONDORLGV�� FDUERK\GUDWHV�� ÀDYRQRLGV� �DSLJHQLQ�� DSLLQ��
LVRTXHUFLWULQ���JO\FRVLGHV��VWHURLGV��YLWDPLQ�$�DQG�YLWDPLQ�&�>�����@��2WKHU�
SK\WRFKHPLFDO�FRPSRXQGV�LQ�FHOHU\�OHDYHV�DUH��DSLJHQLQ��EHUJDSWHQ��FKU\-
VRHULRO� ��JOXFRVLGHV�� IXUDQRFRXPDULQ�� OXWHROLQ�� LVRSLPSLQHOOLQ�� SKHQROV��
SKWKDOLGH��SVRUDOHQ��DQG�[DQWKRWR[LQ� >������@��&HOHU\�KDV�DOVR�EHHQ�GRFX-
PHQWHG� WR�KDYH� VHYHUDO�K\SRJO\FHPLF�FRPSRXQGV� �VXFK�DV�� HVVHQWLDO�RLOV��
ÀDYRQRLGV� �NDHPSIHURO�� TXHUFHWLQ�� WULWHUSHQHV�� DQG� OXWHROLQ��� SKHQROLFV��
WULWHUSHQHV�ZLWK�DQWLGLDEHWLF�>��@�DQWLR[LGDQW�SURSHUWLHV�

7KH�VHHG�H[WUDFW�RI�FHOHU\�KDV�WKH�DELOLW\�WR�GHFUHDVH�WKH�EORRG�JOXFRVH�
OHYHO�DQG�WR�LQFUHDVH�LQVXOLQ�OHYHOV�LQ�GLDEHWHV�LQGXFHG�PLFH�>��@��7KH�FHOHU\�
VHHG�LV�ULFK�LQ�ÀDYRQRLGV��VXFK�DV��DSLJHQLQ��OXWHROLQ��DQG�SKHQROLFV�>�������
��@�� $SLJHQLQ� LQKLELWV� WKH� DOGRVH� UHGXFWDVH� HQ]\PH� DFWLYLW\� >���� ��@�� $�
GLDEHWLF�SDWLHQW�FDQ�VX൵HU�IURP�FDWDUDFWV��UHWLQRSDWK\��DQG�QHXURSDWK\�GXH�WR�
LQFUHDVLQJ�OHYHOV�RI�VRUELWRO�>��@��$QRWKHU�DQWL�GLDEHWLF�PHFKDQLVP�H[SODLQV�
WKH�DELOLW\�RI�FHOHU\�VHHG�LQ�VWLPXODWLQJ�WKH�VHFUHWLRQ�RI�LQVXOLQ�IURP�SDQFUH-
DWLF�ȕ�FHOOV�DQG�GHFUHDVLQJ� WKH� OLYHU�JOXFRQHRJHQHVLV�SDWKZD\� >���������@��
%DVHG�RQ�WKH�KLVWRORJ\�WHVW��FHOHU\�VHHGV�SURPRWHG�WKH�LQWHJULW\�RI�SDQFUHDWLF�
ȕ�FHOOV�>�����@�

)ODYRQRLG� LV� RQH� RI� WKH� PDMRU� DQWLR[LGDQW� FRPSRXQGV� LQ� FHOHU\� >��@��
)ODYRQRLG� LV� DEOH� WR� RYHUFRPH� WKH� IUHH� UDGLFDOV� DQG� SUHFOXGH� GHYDVWDWLRQ�
WR�SDQFUHDWLF�ȕ�FHOOV�>������������@��)ODYRQRLGV�FDQ�UHJXODWH�WKH�DEVRUSWLRQ�
RI�JOXFRVH� LQ� WKH� LQWHVWLQH�� FDUERK\GUDWH�PHWDEROLVP��DQG�JOXFRVH�XSWDNH��
HVSHFLDOO\� LQ� WKH� UHJXODWLRQ� RI� WKH� FHOO�VLJQDOLQJ� $03�DFWLYDWHG� SURWHLQ�
NLQDVH� �$03.�� SDWKZD\V�� )ODYRQRLG� LV� DOVR� DEOH� WR� KHOS� JOXFRVH� XSWDNH�
LQ� WKH� VNHOHWDO�PXVFOH� FHOOV� >��� ���� ���� ��@��*XWLHUUH]� HW� DO�� >��@� UHSRUWHG�
WKDW� ÀDYRQRLGV� DV� DQ� DQWL�GLDEHWLF� DJHQW� FDQ� GLPLQLVK� DSRSWRVLV�� HQKDQFH�
SDQFUHDWLF� ȕ�FHOO� SUROLIHUDWLRQ�� SURPRWH� WKH� VHFUHWLRQ� RI� LQVXOLQ�� PDQDJH�
JOXFRVH� GLJHVW�� DQG� UHGXFH� K\SHUJO\FHPLD� >��@�� )ODYRQRLG� LV� DOVR� DEOH� WR�
VXSSUHVV�LQVXOLQ�UHVLVWDQFH��JLYH�UHOLHI�IURP�LQÀDPPDWLRQ�LQ�DGLSRVLW\�FHOOV��
DQG�VXSSUHVV�R[LGDWLYH�VWUHVV�FKDLQ�LQ�WKH�VNHOHWDO�PXVFOHV�>��@��)ODYRQRLG�
SOD\V� D� NH\� UROH� LQ� WKH� XS�UHJXODWLRQ� RI�*OXFRVH�7UDQVSRUWHU��� �*/87����
H[SUHVVLRQ�OHYHO��ZKLFK�LV�XVHIXO�LQ�WKH�WUHDWPHQW�RI�W\SH���'0��7�'0��

.DHPSIHURO��D�QDWXUDO�ÀDYRQRO��LV�DQ�DQWL�GLDEHWLF�DJHQW�GXH�WR�LWV�DFWLYLW\�
LQ�SDQFUHDWLF�ȕ�FHOO�SURWHFWLRQ��ZKLFK�LV�FRUUHODWHG�WR�7�'0�>�@��,W�KDV�EHHQ�
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UHSRUWHG�WKDW�NDHPSIHURO�KDV�WKH�DELOLW\�WR�UHGXFH�K\SHUJO\FHPLD�DQG�LQFUHDVH�
the glucose uptake through the PI3K and protein kinase C (PKC) pathways 
LQ� UDW¶V�PXVFOH��$Q�RUDO�GRVH�RI�NDHPSIHURO�ZDV�DOVR�DEOH� WR� LQFUHDVH� WKH�
IDVWLQJ�EORRG�JOXFRVH��)%*���JOXFRVH�WROHUDQFH��DQG�+E$�F�FRQFHQWUDWLRQ��
DQG�GHSUHVV�LQVXOLQ�UHVLVWDQFH�>��@�

*XWLHUUH]�HW�DO��>��@�UHSRUWHG�WKDW�TXHUFHWLQ�FDQ�UHGXFH�WKH�OHYHOV�RI�SODVPD�
JOXFRVH� LQ� DOOR[DQ�LQGXFHG� GLDEHWLF�PLFH��4XHUFHWLQ� FRPPLWV� WR�*/87���
P51$�UHDUUDQJHPHQW�LQ�FHOO�PHPEUDQHV�RI�DGLSRF\WHV�DQG�VNHOHWDO�PXVFOH�
FHOOV��$OVR��LW�XS�UHJXODWHV�*/87���P51$�OHYHO��ZKLFK�UHGXFHV�WKH�EORRG�
JOXFRVH�OHYHO��4XHUFHWLQ�LQFUHDVHV�WKH�OLYHU�JOXFRVH�XSWDNH�DQG�SURPRWHV�WKH�
VHFUHWLRQ�RI�LQVXOLQ�IURP�SDQFUHDWLF�ȕ�FHOOV�

4XHUFHWLQ�DQG�QDULQJHQLQ�FDQ�SURWHFW�ȕ�FHOOV�IURP�WKH�WR[LFLW\�RI�F\WR-
NLQH�YLD�3KRVSKDWLG\OLQRVLWRO���NLQDVH��3,�.��SDWKZD\��$SLJHQLQ�KDV�DQWL�
K\SHUJO\FHPLF�SURSHUW\� >��@��$SLJHQLQ�WUHDWHG�GLDEHWLF�PLFH�GLVSOD\HG�DQ�
LPSURYHPHQW� LQ�K\SHUJO\FHPLD� OHYHOV� DQG� LWV� DQWLR[LGDQW� VWDWXV��$SLJHQLQ�
treatment in alloxan-induced diabetic mice decreased the glucose blood 
OHYHOV�DQG�UHSDLUHG�SDQFUHDWLF�ȕ�FHOOV�

/XWHROLQ�ZDV� LQYHVWLJDWHG� IRU� LWV� DELOLW\� WR� UDLVH� WKH� LQVXOLQ� DFWLRQ�DQG�
WR�SURPRWH�*/87���DFWLYLW\� LQ�GLDEHWLF�PLFH� DQG� LW� LQFUHDVHG�DQWLR[LGDQW�
DFWLYLW\� LQ� GLDEHWLF� QHSKURSDWK\� LQ� GLDEHWLF�PLFH�� ,WV� DQWLR[LGDQW� SURSHUW\�
SURPRWHV� WKH� VHFUHWLRQ� RI� LQVXOLQ� YLD� WKH�1)�ț%� DQG� L126�12� VLJQDOLQJ�
SDWKZD\V�>���@�

$SLJHQLQ�DQG�OXWHROLQ�DFW�DV�6RGLXP�JOXFRVH�&RWUDQVSRUWHU����6*/7����
LQKLELWRUV� LQ� QHXURSDWKLF� GLDEHWHV� >��@�� 6HYHUDO� VFLHQWL¿F� IDFWV� LQGLFDWH�
WKDW� R[LGDWLYH� VWUHVV� D൵HFWV�'0�SDWKRJHQHVLV� DQG� GLDEHWLF� FRPSOLFDWLRQV��
7KH�HODERUDWLRQ�RI�JOXFRVH�R[LGDWLRQ��JO\FDWLRQ�RI�SURWHLQV��DQG�R[LGDWLYH�
GHWHULRUDWLRQ� RI� SURWHLQV� FDQ� OHDG� WR� WKH� IRUPDWLRQ� DQG� DFFXPXODWLRQ� RI�
IUHH� UDGLFDOV� LQ�'0�SDWLHQWV��7KLV�SHFXOLDULW\�RI� IUHH� UDGLFDOV�DQG�FKURQLF�
deterioration in endogenous antioxidants cause harm to cell organelles and 
R[LGDWLYH�HQ]\PHV�>��@�

3.5.2 CLOVES

Syzygium aromaticum /���&ORYHV��LV�D�QDWLYH�KHUE�LQ�,QGRQHVLD��0DOD\VLD��
%UD]LO��0H[LFR��,QGLD��+DLWL��0DGDJDVFDU��6UL�/DQND��DQG�7DQ]DQLD��&ORYHV�
DUH�FRPPRQO\�XVHG�DV�VSLFHV�IRU�DQ�DURPDWLF�IODYRU��&ORYHV�FRQWDLQ�HVVHQWLDO�
RLO��SKHQROLF�FRPSRXQGV��DQG�K\GURO\]DEOH�WDQQLQV�>��@��7DKLU�HW�DO��UHSRUWHG�
WKDW�WKH�\LHOG�RI�HVVHQWLDO�RLO�LQ�FORYHV�ZDV������ZLWK�SDOH�\HOORZ�FRORU��,W�LV�
VROXEOH�LQ�DOFRKRO�DQG�KDV�D�UHIUDFWLYH�LQGH[�RI������>���@�
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4XDQWLW\�SHUFHQWDJH�RI�FORYH�HVVHQWLDO�RLO�LV�GHWHUPLQHG�E\�SKHQRORJLFDO�
VWDWH� DQG� DJUR�FOLPDWLF� FRQGLWLRQV��(VVHQWLDO� RLOV� LQ� FORYHV� FRQWDLQ� ������
RI�FDU\RSK\OOHQH�R[LGH��������RI�HXFDO\SWRO��������RI�FLWURQHOO\O�DFHWDWH��
������ RI� Ȗ�WHUSLQHQH�� ������ RI� PHWK\O� EHQ]RDWH�� ������ RI� JHUDQLRO��
������RI�n�KH[DQH��������RI�DFHWDOGHK\GH��������RI�HXJHQ\O�DFHWDWH�DQG�
������ RI� HXJHQRO�� ,Q� DGGLWLRQ�� FORYH� FRQWDLQV� DFHWRSKHQRQH�� FKURPRQH�
glycosides, phenylpropanoids, 2,4,6-trihydroxy-3-methyl acetophenone-2-
2�ȕ�'�JOXFRVLGH��VHVTXLWHUSHQRLGV�� WULWHUSHQRLGV��VWHURO��DQG�WDQQLQ��7KRVH�
PHQWLRQHG�FRPSRXQGV�VKRZHG�DQWLFDQFHU�DFWLYLW\�LQ�KXPDQ�RYDULDQ�FDQFHU�
FHOOV��$������XVLQJ�077�DVVD\�>��@�

&ORYH�RLO�UHYHDOV�DQWL�GLDEHWLF�EHQH¿W�E\�UHGXFLQJ�KLJK�EORRG�VXJDU�OHYHOV�
DQG�OLSLG�SHUR[LGDWLRQ��DQG�UHFRYHULQJ�WKH�DQWLR[LGDQW�HQ]\PHV�>��@�

Alpha-amylase inhibition assay is commonly used to determine anti-
GLDEHWLF� DFWLYLW\�� $FFRUGLQJ� WR� WKH� UHVHDUFK�� FORYH� HVVHQWLDO� RLO� H[KLELWV�
PD[LPXP�DQWL�GLDEHWLF�DFWLYLW\�DW������J�P/±���ZKHUHDV�FORYH�HVVHQWLDO�RLO�
HPXOVLRQ��HVVHQWLDO�RLO� ��������WZHHQ������������HWKDQRO���������ZDWHU�
(25%)) shows a maximum anti-diabetic capability (as much as 95.30% 
LQKLELWLRQ� RI� Į�DP\ODVH� DFWLYLW\�� >���@�� ,Q� DGGLWLRQ�� FORYH� LV� DQ� H[FHOOHQW�
IXQFWLRQDO�IRRG�DQG�LV�DSSURSULDWH�IRU�DOWHUQDWLYH�WKHUDSHXWLF�RI�W\SH���DM, 
EHFDXVH�LW�FDQ�SUHYHQW�DFWLYLW\�RI�NH\�HQ]\PHV�LQ�W\SH���GLDEHWLF�SDWLHQWV��
VXFK�DV��Į�DP\ODVH�DQG�Į�JOXFRVLGDVH�>�@�

*O\FDWLRQ�LV�DQ�DWWDFKPHQW�RI�H[FHVV�VXJDU�WR�WKH�SURWHLQ�RU�OLSLG�ZLWKRXW�
HQ]\PDWLF�SURFHVV��7KH� IUHH�DOGHK\GH�RU�NHWRQH�JURXS� IURP� WKLV� UHGXFLQJ�
VXJDU�LV�DEOH�WR�DGGXFW�WKH�DOSKD�DPLQR�JURXS�IURP�1�WHUPLQDO�RU�(�DPLQR�
DPLQH�DV�RQ�O\VLQH��DUJLQLQH��F\VWHLQH��DQG�KLVWLGLQH��,W�IRUPV�D�FURVV�OLQNLQJ�
SURWHLQ�$*(V�ZLWK�RWKHU�GLSHSWLGHV�KDYLQJ�DQ�1�WHUPLQDO� IUHH� VLGH�JURXS�
�PDLQO\� RQ� DUJLQLQH� DQG� WU\SWRSKDQ��� $GYDQFHG� JO\FDWLRQ� HQG�SURGXFWV�
(AGEs) can induce pathogenesis and atherosclerosis in diabetic complica-
WLRQV��$�VWXG\�UHSRUWHG�WKDW�WKH�DQWLJO\FDWLRQ�H൵HFW�RI�VRPH�PHGLFLQDO�SODQWV�
FDQ�EH�GHWHFWHG�XVLQJ�WKH�6'6�3$*(�PHWKRG�>��@�

&ORYH� H[WUDFWV� GHPRQVWUDWHG� VWURQJ� LQKLELWLRQ� SURWHLQ� FURVV�OLQNLQJ�
IRUPDWLRQ�DW�����J�P/±��FRQFHQWUDWLRQ��7KHUHIRUH��FORYH�KDV�WKH�DELOLW\�DV�
D� JO\FDWLRQ� DJHQW� DQG� WR� LQGXFH� SURWHLQ� FURVV�OLQNLQJ� LQKLELWRU\� DFWLYLW\�
>��@��$QRWKHU� VWXG\� UHSRUWHG� WKDW� WKH� DTXHRXV� H[WUDFW� RI� FORYH� VXSSUHVVHV�
DWKHURVFOHURVLV� DQG� GLDEHWHV� GXH� WR� LWV� VWURQJ� DQWLR[LGDQW� DFWLYLW\�� DQWL�
DSROLSRSURWHLQ�$�,��DSR$�,��JO\FDWLRQ�DQG�SKDJRF\WRVLV�SUHYHQWLRQ�WKURXJK�
LQKLELWLRQ� RI� ORZ�GHQVLW\� OLSRSURWHLQ� �/'/�� DQG� FKROHVWHU\O� HVWHU� WUDQVIHU�
SURWHLQ��&(73���DQG�UHGXFLQJ�K\SROLSLGHPLF�DFWLYLW\�>������@�
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3.5.3 CUMIN

Cumin (Cuminum cyminum /��� RULJLQDWHG� IURP� 6RXWKZHVW�$VLD� DQG� WKH�
(DVWHUQ�0HGLWHUUDQHDQ�UHJLRQ��,W�LV�FXOWLYDWHG�LQ�(XURSH��(J\SW��WKH�0LGGOH�
(DVW��,QGLD��DQG�,UDQ��&XPLQ�SRZGHU�LV�XVHG�DV�D�VSLFH�LQ�YDULRXV�FXLVLQHV�
EHFDXVH�RI�LWV�XQLTXH�IODYRU��VWURQJ��DQG�ZDUP�DURPD��7KH�HVVHQWLDO�RLO�RI�
FXPLQ� LV� DOVR� SRSXODU� DPRQJ� WUDGLWLRQDO� KHDOHUV� >��@�� 7KH� GLIIHUHQW� SDUWV�
�URRWV��VWHPV�� OHDYHV��DQG�IORZHUV��RI� WKH�FXPLQ�SODQW�KDYH�YDULRXV�ELRDF-
WLYH�FRPSRXQGV��SKHQROLFV��IODYRQRLGV��DQG�WDQQLQV��ZLWK�XQLTXH�ELRORJLFDO�
DFWLYLWLHV��7KH� HVVHQWLDO� RLO� LV� SURGXFHG� IURP� IORZHUV� �������� OHDYHV�� DQG�
stems (0.1%), and roots (0.03%).

7KH�PDLQ�FRQVWLWXHQW�LQ�HVVHQWLDO�RLO�IURP�URRWV�LV�ERUQ\O�DFHWDWH��������
+RZHYHU�� Į�WHUSLQHQH� LV� D� PDMRU� FRPSRXQG� LQ� WKH� VWHP� DQG� OHDYHV�� DQG�
Ȗ�WHUSLQHQH� LV� DEXQGDQW� LQ� WKH� ÀRZHU�� 4XHUFHWLQ� LV� D� SULPDU\� SKHQROLF�
FRPSRXQG�LQ�WKH�URRWV��ZKLOH�YDQLOOLF�DFLG�LV�SUHVHQW�LQ�D�KLJKHU�DPRXQW�LQ�WKH�
ÀRZHUV��+RZHYHU��p-coumaric, rosmarinic, trans-2-dihydrocinnamic acids, 
DQG� UHVRUFLQRO� DUH� IRXQG� SUHGRPLQDQWO\� LQ� VWHPV� DQG� OHDYHV��$QWLR[LGDQW�
DFWLYLW\� DVVHVVPHQW�RI� WKH� FXPLQ�SODQW� SDUWV� KDV�EHHQ� FKHFNHG�XVLQJ� IRXU�
W\SHV�RI�DVVD\V��VXFK�DV������GLSKHQ\O���SLFU\OK\GUD]\O��'33+���ȕ�FDURWHQH�
OLQROHLF�DFLG��UHGXFLQJ�SRZHU�DQG�FKHODWLQJ�SRZHU�DVVD\V��7KH�FXPLQ�ÀRZHUV�
DFHWRQH�H[WUDFW�KDV�VWURQJ�DQWLR[LGDQW�DFWLYLW\��OLSLG�SHUR[LGDWLRQ�LQKLELWRU��
DQG� UHGXFLQJ� DJHQW�� ZKHUHDV� DFHWRQH� H[WUDFW� RI� VWHP� DQG� OHDYHV� H[KLELWV�
WKH�KLJKHVW�FKHODWLQJ�SRZHU��1HYHUWKHOHVV��WKH�HVVHQWLDO�RLO�R൵HUV�PRGHUDWH�
DQWLR[LGDQW�DFWLYLW\�DV�VKRZQ�E\�DQWLR[LGDQW�DVVD\�>��@�

&KHPLFDO� GLVWULEXWLRQ� DQG� FXPLQ� IUXLW� DQWLR[LGDQW� DFWLYLW\�ZHUH� GHWHU-
PLQHG� E\� FRUUHODWLQJ� KDUYHVWLQJ� WLPH� ZLWK� SODQW� PDWXULW\�� &XPLQ� IUXLW�
DQWLR[LGDQW� DFWLYLW\� LQ� YDULRXV� JURZWK� OHYHOV� LV� VWLOO� ORZHU� WKDQ� EXW\ODWHG�
K\GUR[\WROXHQH��%+7��XVLQJ�ERWK�'33+�DQG�)5$3�DVVD\V��7KH�,&50�YDOXH�
RI�%+7�LV�DERXW����WLPHV�KLJKHU�WKDQ�WKH�������PJ�P/±��RI�,&50 in immature 
cumin. On the other hand, intermediate, and premature cumin parts indicate 
WKH�KLJKHVW�UDGLFDO�VFDYHQJLQJ�DFWLYLW\�WKDQ�WKH�RWKHU�JURZWK�VWDJHV��DOWKRXJK�
WKHLU�DQWLR[LGDQW�DFWLYLW\�LV�VWLOO�ORZHU�WKDQ�%+7�

)5$3� DVVD\� FDQ� TXDQWLI\� WKH� DQWLR[LGDQW� FRPSRXQGV¶� FDSDELOLW\� WR�
GLPLQLVK� WKH� IHUULF� LRQ� �)H���� WR� IHUURXV� �)H�����)5$3�DVVD\�VWXGLHV� UHYHDO�
WKDW�%+7�UHGXFLQJ�SRZHU������PRO�)H�� per mass) is greater than immature, 
LQWHUPHGLDWH��SUHPDWXUH��DQG�IXOO\�PDWXUH�FXPLQ��7KH�%+7�YDOXHV�ZHUH������
����������DQG����PROHV�RI�)H���SHU�PJ�RI�HVVHQWLDO�RLO�IRU�LPPDWXUH��LQWHUPH-
GLDWH��SUHPDWXUH��DQG�IXOO\�PDWXUH�FXPLQ��UHVSHFWLYHO\��,Q�DGGLWLRQ��SKHQROLF�
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FRQWHQWV��ZKLFK�HQKDQFH�DW�LQWHUPHGLDWH�DQG�SUHPDWXUH�VWDJHV��KDYH�D�SRVL-
WLYH�FRUUHODWLRQ�ZLWK�WKHLU�DQWLR[LGDQW�FDSDFLW\��$2&��RI�HVVHQWLDO�RLOV�>��@�

7KH� HVVHQWLDO� RLO� IURP� FXPLQ� FDQ� UHSDLU� WKH� PHWDEROLF� FRQGLWLRQ� DQG�
SUHYHQW�WKH�SURJUHVVLRQ�RI�GLDEHWHV��7KHVH�ELRORJLFDO�DFWLYLWLHV�DUH�XQLTXH�WR�
FXPLQ�DV�DQ�DOWHUQDWLYH�DGMXYDQW�WKHUDSHXWLFV�IRU�SUH�GLDEHWLF�VXEMHFWV�DQG�
VXSSRUW�OLIHVW\OH�DOWHUDWLRQ�>��@�

Dietary cumin seeds are known as an anti-diabetic agent to reduce blood 
JOXFRVH�FRQWHQW�DQG�WR�GHFUHDVH�H[FUHWLRQV�RI�XUHD�DQG�FUHDWLQLQH�LQ�GLDEHWLF�
UDWV� >���@��&XPLQ� VHHG�GHULYHG�SHSWLGHV�KDYH� UDGLFDO� VFDYHQJLQJ�DFWLYLW\��
DQG�WKHUHIRUH�FDQ�EH�XVHG�DV�D�VXEVWDQFH�LQ�WKH�IXQFWLRQDO�IRRG�DQG�SKDUPD-
FHXWLFDO�VWXGLHV��7KUHH�QRYHO�FXPLQ�VHHG�SHSWLGHV��&63V��KDYH�VXFFHVVIXOO\�
EHHQ� H[WUDFWHG� DQG� LGHQWL¿HG� DV� ³Į�DP\ODVH� LQKLELWRU\� SHSWLGH�´� ZKLFK�
SOD\V�DQ�LPSRUWDQW�UROH�LQ�UHWDUGDWLRQ�RI�FDUERK\GUDWH�GLJHVWLRQ�DQG�JOXFRVH�
DEVRUSWLRQ�� 7KLV� SURFHVV� UHGXFHV� WKH� ULVNV� RI�DM� GHYHORSPHQW� >���� ��@��
&XPLQ�LPSURYHV�PHWDEROLF�LQGH[�DQG�DQWKURSRPHWULF�LQ�RYHUZHLJKW�DQG�RU�
W\SH���GLDEHWLF�VXEMHFWV�>��@��)XUWKHUPRUH��HVVHQWLDO�RLO�IURP�FXPLQ�H[KLELWV�
PD[LPXP�DQWL�GLDEHWLF�DFWLYLW\�DW�D�FRQFHQWUDWLRQ�RI������J�P/±�. Cumin 
HVVHQWLDO� RLO� HPXOVLRQ� �HVVHQWLDO� RLO� ������ �� WZHHQ� ��� ������ �� HWKDQRO�
��������ZDWHU��������GHPRQVWUDWHV�PD[LPXP�DQWL�GLDEHWLF�DFWLYLW\�������
DQG�Į�DP\ODVH�LQKLELWLRQ��������,QKLELWLRQ�RI�Į�DP\ODVH�DFWLYLW\�GHOD\V�WKH�
carbohydrate complex hydrolysis and glucose absorption in the intestinal 
WUDFW��ZKLFK�UHGXFHV�EORRG�JOXFRVH�OHYHOV�>���@�

7KH� HWKDQROLF� VHHG� H[WUDFW� RI� FXPLQ� H[KLELWV� JRRG� DQWL�K\SHUJO\FHPLF�
DQG�DQWL�G\VOLSLGHPLF�DFWLYLWLHV��7KHVH�KDYH�EHHQ�YDOLGDWHG�ZLWK�W\SH���DM 
rat and male Syrian golden hamsters. Furthermore, the anti-dyslipidemic 
DFWLYLW\�FDQ�EH�VKRZQ�E\�GHFOLQLQJ�RI�WULJO\FHULGHV��FKROHVWHURO��/'/�&�LQ�
WKH�VHUXP��DQG�HQKDQFLQJ�RI�VHUXP�+'/�&��7KH�HWKDQROLF�H[WUDFW�RI�FXPLQ�
VHHGV� DOVR�KDV� DOGRVH� LQKLELWRU\� DFWLYLW\�� ,W� FDQ� UHGXFH� VHFRQGDU\�GLDEHWLF�
FRPSOLFDWLRQV�LQ�WKH�ODWHU�VWDJH�>���@�

3.5.4 GARLIC

Garlic (Allium sativum /���LV�XVHG�DV�D�FRPPRQ�VHDVRQLQJ�LQ�DOPRVW�HYHU\�
cuisine around the world. It is also used as a traditional therapeutic agent.

6FLHQWL¿F�UHSRUWV�KDYH�GRFXPHQWHG�WKDW�JDUOLF�FDQ�GLPLQLVK�WKH�OHYHO�RI�
EORRG�JOXFRVH��K\SRJO\FHPLF�DFWLYLWLHV�� LQ�GLDEHWLF�DQLPDOV��-DLQ�DQG�9\DV��
>��@� UHSRUWHG� WKH� K\SRJO\FHPLF� H൵HFWV� RI� JDUOLF� H[WUDFWV� �HWKDQRO�� ��±��ၨ�
SHWUROHXP�HWKHU�DQG�GLHWK\O�HWKHU��LQ�GLDEHWLF�UDEELWV�LQGXFHG�E\�DOOR[DQ��7KH�
JDUOLF�HWK\O�H[WUDFW�R൵HUHG�PD[LPXP�K\SRJO\FHPLF�DFWLYLW\��3����������>��@�
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*DUOLF�H[WUDFW�R൵HUV�DQWL�GLDEHWLF�DQG�K\SRJO\FHPLF�DFWLYLWLHV�GXH�WR�WKH�
HQKDQFHPHQW�RI�LQVXOLQ�OLNH�DFWLYLW\�LQ�SODVPD��,W�LQÀXHQFHV�WKH�VHFUHWLRQ�RI�
LQVXOLQ�IURP�ȕ�FHOOV��WKH�UHOHDVH�RI�ERXQG�LQVXOLQ�RU�LQFUHDVHV�LQVXOLQ�VHQVL-
WLYLW\��7KHVH�SURFHVVHV�OLEHUDWH�¿[HG�LQVXOLQ��7KH�H൵HFW�RI�JDUOLF�RLO�IURP�IUHVK�
FORYHV�KDV�EHHQ�VWXGLHG�RQ�GLDEHWLF�UDWV�DQG�PLFH��VWUHSWR]RWRFLQ�LQGXFHG�DQG�
DOOR[DQ�LQGXFHG��>��@��7UHDWHG�DQLPDOV�JURXS�DQG�FRQWURO�ZHUH�DGPLQLVWUDWHG�
�LQWUD�JDVWULFDOO\��#����PJ�SHU�NJ�RI�ERG\�ZHLJKW�GDLO\�RI�JDUOLF�RLO�VXSSOH-
PHQW�IRU����GD\V��7UHDWHG�DQLPDO�JURXS�H[KLELWHG�D�VLJQL¿FDQW�DOOHYLDWLRQ�LQ�
red cell acid phosphatase (p<0.001), serum acid phosphatase and alkaline 
SKRVSKDWDVH��S���������DPLQRWUDQVIHUDVHV��S��������DQG�DP\ODVH��S!�������
OHYHOV�FRPSDUHG�WR�WKH�GLDEHWLF�FRQWURO�UDWV�

<DQJ� HW� DO�� >���@� IRXQG� WKDW� JDUOLF� GLPLQLVKHV� FRQFHQWUDWLRQV� RI� /'/�
FKROHVWHURO�DQG� WRWDO�VHUXP�FKROHVWHURO� LQ�GLDEHWLF�SDWLHQWV� LQ�D�VLJQL¿FDQW�
ZD\� DV� FRPSDUHG� WR� D� SODFHER�� SRVVLEO\� GXH� WR� WKH� LQKLELWLRQ� RI� UHDFWLYH�
R[\JHQ�VSHFLHV��526��WKURXJK�WKH�PRGXODWLRQ�RI�1$'3+�R[LGDVH�VXEXQLW�
H[SUHVVLRQ� DQG� FDQ� UHVWRUH� HUHFWLOH� IXQFWLRQ� LQ� GLDEHWLF� SDWLHQWV�� 6KHHOD�
HW� DO�� KDYH� UHSRUWHG� WKDW� 6�DOO\O� F\VWHLQH� VXOIR[LGH� IURP� JDUOLF� SURYRNHG�
D� UHYHUVDO�RI�GLDEHWLF�FRQGLWLRQV�� VXFK�DV�� WKH�GHSOHWLRQ�RI� OLYHU�JO\FRJHQ��
JOXFRVH� WROHUDQFH��ZHLJKW� ORVV�� HWF��� LQ� DOOR[DQ�LQGXFHG� GLDEHWLF� UDWV� >��@��
6�$OO\O�F\VWHLQH�VXOIR[LGH��LVRODWHG�IURP�JDUOLF��UHFWL¿HG�GLDEHWLF�FRQGLWLRQV�
LQ�DOOR[DQ�LQGXFHG�GLDEHWLF�UDWV�DQG�LW�ZDV�DV�H൵HFWLYH�DV�JOLEHQFODPLGH��DQG�
LQVXOLQ�WKHUDS\�>��@��6�$OO\O�F\VWHLQH�VXOIR[LGH�FDQ�DOVR�FRQWURO�OLSLG�SHUR[L-
dation better than the glibenclamide and insulin. It also increased insulin 
VHFUHWLRQ�IURP�SDQFUHDWLF�ȕ�FHOOV�>��@�

3DQGL\D�DQG�%DQHUMHH�LQGLFDWHG�WKDW�WKH�EHQH¿FLDO�H൵HFW�RI�JDUOLF�LQ�DM 
LV� DWWULEXWHG� WR� WKH�SUHVHQFH�RI� YRODWLOH� VXOIXU� FRPSRXQGV�� VXFK� DV�� DOOLLQ��
DOOLFLQ�� GLDOO\O� GLVXO¿GH�� GLDOO\O� WULVXO¿GH�� GLDOO\O� VXO¿GH�� 6�DOO\O� F\VWHLQH��
DMRHQH��DQG�DOO\O�PHUFDSWDQ��$OOLFLQ�FDQ�HQKDQFH�VHUXP�LQVXOLQ�E\�H൵HFWLYHO\�
FRPELQLQJ�ZLWK�F\VWHLQH��ZKLFK�ZRXOG�VSDUH�LQVXOLQ�IURP�6+�JURXS�WKDW�LV�
FRPPRQ�FDXVH�RI�LQVXOLQ�LQDFWLYDWLRQ�>��@�

3.5.5 GINGER

Ginger (Zingiber officinale Roscoe) is similar to turmeric and it is a popular 
LQJUHGLHQW� LQ�FRRNLQJ�GXH� WR�D�SHFXOLDU� IODYRU��DURPD��DQG�SXQJHQW�RGRUV��
%HVLGHV� FRRNLQJ�� JLQJHU� LV� DOVR� ZHOO�NQRZQ� IRU� LWV� PHGLFLQDO� SURSHUWLHV�
DJDLQVW� JDVWURLQWHVWLQDO� GLVRUGHU��PRWLRQ� VLFNQHVV�� QDXVHD� UHOLHI�� FROG�� DQG�
IOX� UHOLHI�� SDLQ�� DQG� LQIODPPDWLRQ� �UHGXFH�PXVFOH�SDLQ��NQHH�� DQG�HOERZ���
*LQJHU�FRQWDLQV�VHYHUDO�ELRFKHPLFDO�FRQVWLWXHQWV��VXFK�DV��JLQJHURO��VKRJDRO��
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SDUDGRO��DQG�]LQJHURQH�>��@��,W�PD\�DOVR�UHGXFH�WKH�ULVNV�RI�FDUGLRYDVFXODU�
diseases (CVDs), blood clotting, and hyperglycemia.

$�FOLQLFDO� WULDO�ZDV�FRQGXFWHG�E\�6KLGIDU�HW�DO�� >��@��ZKR� UHSRUWHG� WKH�
LPSDFW�RI�JLQJHU�RQ�JO\FHPLF�LQGLFHV�LQ�SDWLHQWV�ZLWK�W\SH���GLDEHWHV��7KH�
���SDWLHQWV�ZLWK�7�'0����±���\HDUV�ROG���ZKR�GLG�QRW�UHFHLYH�LQVXOLQ��ZHUH�
GLYLGHG�LQWR�FRQWURO�DQG�WUHDWHG�JURXSV��3DWLHQWV�LQ�WKH�WUHDWHG�JURXS�UHFHLYHG�
��J�RI�JLQJHU�VXSSOHPHQW��FDSVXOH��GDLO\�IRU���PRQWKV��7KH�UHVXOWV�RI� WKLV�
study showed that ginger supplementation increased the glycemic indices, 
7$&�� DQG� 321��� DFWLYLW\� LQ� SDWLHQWV� ZLWK� 7�'0�� ,W� LV� UHSRUWHG� WKDW� WKH�
SKHQROLF�FRPSRXQGV��VXFK�DV��JLQJHURO�DQG�VKRJDRO��DFW�DV�Į�DP\ODVH�DQG�
Į�JOXFRVLGDVH� LQKLELWRUV� LQ� FDUERK\GUDWH� PHWDEROLVP� DQG� K\SHUJO\FHPLD��
*LQJHU�VXSSOHPHQWDWLRQ�FDQ�HQKDQFH�WKH�KRPHRVWDVLV�RI�JOXFRVH�LQ�7�'0�
SDWLHQWV� E\� ORZHULQJ� LQVXOLQ� UHVLVWDQFH� DQG� LPSURYLQJ� JOXFRVH� WROHUDQFH��
7KLV�VWXG\�DOVR� UHSRUWHG� WKDW�JLQJHU�VXSSOHPHQWDWLRQ�VLJQL¿FDQWO\� UHGXFHV�
WKH�&�UHDFWLYH�SURWHLQ��&53��DV�DQ�LQÀDPPDWLRQ�PDUNHU�>��@�

.KDQGRX]L�HW�DO��>��@�UHSRUWHG�WKH�H൵HFWV�RI�JLQJHU�RQ�IDVWLQJ�EORRG�VXJDU�
�)%6���2XW�RI����SDWLHQWV�ZLWK�7�'0�����SDWLHQWV�ZHUH�DVVLJQHG�WR�WKH�JLQJHU�
JURXS�FRPSDUHG�WR����LQ�WKH�FRQWURO�JURXS��7KH�WUHDWHG�JURXS�UHFHLYHG���J�
RI� JLQJHU� SRZGHU� GDLO\� IRU� ���ZHHNV��7KH� UHVXOWV� RI� WKLV� VWXG\� H[KLELWHG�
WKDW�RUDO�DGPLQLVWUDWLRQ�RI�JLQJHU�SRZGHU�VLJQL¿FDQWO\�UHGXFHG�WKH�OHYHOV�RI�
blood sugar, Hemoglobin A1c (HbA1c), Apolipoprotein B, Apolipoprotein 
%�$SROLSRSURWHLQ�$�,�� DQG�0DORQGLDOGHK\GH� �0'$�� >��@��7KHUHIRUH�� LW� LV�
FRQFOXGHG� WKDW�RUDO�DGPLQLVWUDWLRQ�RI�JLQJHU�SRZGHU�PD\�UHOLHYH� WKH�ULVNV�
RI�VRPH�FKURQLF�FRPSOLFDWLRQV�UHODWHG� WR�GLDEHWHV��7KHVH�HYLGHQFHV�DUH� LQ�
DJUHHPHQW�ZLWK�UHVXOWV�E\�$]LPL�HW�DO��>��@��ZKR�DOVR�UHSRUWHG�WKH�DELOLW\�RI�
JLQJHU�VXSSOHPHQWDWLRQ�IRU�GHFUHDVLQJ�WKH�&53�FRQFHQWUDWLRQ�DQG�UHGXFWLRQ�
RI�WKH�ULVN�RI�7\SH���GLDEHWHV�0HOOLWXV��7�'0��

3.5.6 NUTMEG

Nutmeg (Myristica fragrans +RXWW���LV�D�GULHG�NHUQHO�RI�WKH�VHHG��ZKLFK�LV�
grown in Indonesia and Grenada (West Indies). Nutmeg has a slightly sweet 
IODYRU�DQG�LV�XVHG�LQ�WKH�SUHSDUDWLRQ�RI�YDULRXV�IRRGV�>��@�

$FHWRQH�H[WUDFW�RI�QXWPHJ�VHHG�FRQWDLQV��������RI� VDELQHQH���������
RI� ȕ�SLQHQH�� ������ RI� Į�SLQHQH�� ������ RI� P\ULVWLFLQ�� ������ RI� LVRHX-
JHQRO�� ������ RI� S�F\PHQH�� ������ RI� FDUYDFURO�� ������ RI� HXJHQRO� DQG�
������ RI� ȕ�FDU\RSK\OOHQH� ZLWK� DQWLPLFURELDO� DQG� DQWLR[LGDQW� DFWLYLWLHV�
>��@��)XUWKHUPRUH��$03�DFWLYDWHG�SURWHLQ�NLQDVH��$03.��HQ]\PH�FDQ�EH�
LQGXFHG�E\�QXWPHJ�H[WUDFW��%LRDFWLYH�FRPSRQHQWV�RI�QXWPHJ�H[WUDFW�LQFOXGH�
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WHWUDK\GURIXURJXDLDFLQ� %�� QHFWDQGULQ� %�� DQG� JDOEDFLQ�� ZKLFK� R൵HU� VWURQJ�
$03.�VWLPXODWLRQ�LQ�PRXVH�&�&���VNHOHWDO�P\�REODVW��7KHUHIRUH��QXWPHJ��
DQG� LWV� DFWLYH� FRPSRQHQWV� KDYH� EHFRPH� SRSXODU� DV� D� 7�'0� WKHUDSHXWLF�
DJHQW�DQG�WR�GHYHORS�REHVLW\�PHGLFDWLRQ�>��@�

3.5.7 ONION

Onion (Allium cepa�/��� LV�SRSXODU�DV� IRRG�VHDVRQLQJ�DQG�QDWXUDO�PHGLFLQH�
>���@��%HVLGHV�IUHVK�RQLRQV��DOO�SDUWV�RI�RQLRQ�FDQ�EH�XWLOL]HG�DQG�SURFHVVHG�
IRU�H[WUDFW��MXLFH��SDVWH��EDJDVVH��SRZGHU��HWF� In addition, onion contains rutin, 
TXHUFHWLQ�>��@��LVRUKDPQHWLQ��NDHPSIHURO��OXWHROLQ��IUXFWDQ��FRXPDULQ��VWHURLGV��
6�PHWK\O�/�F\VWHLQH�>��@��6�PHWK\OWKLR�/�F\VWHLQH��6�SURS\OWKLR�/�F\VWHLQH��
and (S- (1-propenyllthio)-L-cysteine, and isoalliin (S- (1-propenyl-S-oxo-L-
F\VWHLQH��>���@��$FFRUGLQJ�WR�.R�HW�DO�� >��@�� WKH�PHWKDQRO�H[WUDFW�RI�RQLRQ�
EXOEV�FRQWDLQV�TXHUFHWLQ��¶�O�PRQRJOXFRVLGH��TXHUFHWLQ����¶�O-diglucoside 
DQG�TXHUFHWLQ�>��@��6HYHUDO� LQYHVWLJDWLRQV�ZLWK�RQLRQ�KDYH�EHHQ�SHUIRUPHG�
under in vivo and in vitro�FRQGLWLRQV�WR�VWXG\�DQWL�GLDEHWLF�DFWLYLWLHV�

3.5.7.1 ONION JUICE

2QLRQ�MXLFH� LV�DQ�DQWLR[LGDQW�DQG�DQWL�K\SHUJO\FHPLF�DJHQW� WR�UHOLHYH� OLYHU�
DQG� NLGQH\� GDPDJHV�� WKDW� DUH� FDXVHG� E\� DOOR[DQ�LQGXFHG� GLDEHWHV� >��@��
)XUWKHUPRUH��WKH�ZDWHU�VROXWLRQ�RI�RQLRQ�VKRZHG�WKH�K\SROLSLGHPLF�DQG�K\SR-
JO\FHPLF�DFWLYLWLHV�LQ�67=�GLDEHWLF�UDWV��)RU�WKH�SUHSDUDWLRQ�RI�ZDWHU�VROXWLRQ�
RI�RQLRQ�����J�RI�PLQFHG�RQLRQ�EXOEV�ZHUH�IUR]HQ�IRU����K�DQG�ZHUH�LQIXVHG�
LQ� WKH� ����P/� RI�ZDWHU�� 7KLV� VROXWLRQ�ZDV� DEOH� WR� UHGXFH� WULDF\OJO\FHURO��
VHUXP�FKROHVWHURO��DQG�/'/�FKROHVWHURO� LQ�67=�GLDEHWLF� UDWV��)XUWKHUPRUH��
RQLRQ�MXLFH�FDQ�EH�XVHG�IRU�K\SRJO\FHPLF�DQG�K\SROLSLGHPLF�FRQGLWLRQV��$V�
K\SROLSLGHPLF��RQLRQ� MXLFH�UHGXFHV� WKH�FRQFHQWUDWLRQ�RI� OLSRSHUR[LGH�� OLSLG�
K\GURSHUR[LGH��DQG�DFWLYLW\�RI�VXSHUR[LGH�GLVPXWDVH��62'��>��@�

3.5.7.2 ONION EXTRACT

$FFRUGLQJ�WR�%DQJ�HW�DO��>��@��RQLRQ�SRZGHU�FDQ�SUHYHQW�WKH�ZHLJKW�ORVV�RI�
67=�LQGXFHG�GLDEHWLF� UDWV��)XUWKHUPRUH��RQLRQ�SUHYHQWV�GLDEHWLF�FRPSOLFD-
tions by maintaining and reducing blood glucose. It is correlated with lowering 
VHUXP�OLSLGV��0HDQZKLOH��R[LGDWLYH�VWUHVV�LQ�NLGQH\V�RI�GLDEHWLF�DQLPDOV�FDQ�
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DOVR�EH�SUHYHQWHG�E\�RQLRQ�H[WUDFW��,W�ZDV�IRXQG�WKDW�SRO\SKHQRO�FRPSRXQGV�
�VXFK�DV��UXWLQ�DQG�TXHUFHWLQ�� LQ�HWKDQROLF�H[WUDFW�RI�RQLRQ�KDYH�DQWLK\SHU-
JO\FHPLF� DQG� DQWLG\VOLSLGHPLF� DFWLYLWLHV� E\� HQKDQFLQJ� JOXFRVH� WUDQVSRUWHU�
W\SH����*/87���WUDQVORFDWLRQ��JOXFRVH�XSWDNH�DQG�LQVXOLQ�DFWLYLW\�LQ�VNHOHWDO�
PXVFOH�FHOOV��/��P\RWXEHV��DQG�DGLSRF\WHV���7�/��FHOOV��GXH�WR�DFWLYDWLRQ�RI�
SKRVSKDWLG\OLQRVLWRO�����ELSKRVSKDWH���NLQDVH�$NW�GHSHQGHQW�SDWKZD\�>��@�

$FWLYLWLHV�RI�ERWK�Į�DP\ODVH�DQG�Į�JOXFRVLGDVH�DUH�LQKLELWHG�E\�DTXHRXV�
H[WUDFW�RI�ZKLWH�RQLRQ�DQG�SXUSOH�RQLRQ�LQ�WKH�FRQFHQWUDWLRQ�UDQJH�RI��±��
mg mL±� under in vitro FRQGLWLRQV��)XUWKHUPRUH��LQKLELWLRQ�RI�Į�DP\ODVH�DQG�
Į�JOXFRVLGDVH�DFWLYLWLHV�FDQ�UHGXFH�K\SHUJO\FHPLD��SUHYHQW�526�\LHOG��DQG�
SUHYHQW�)H���LQGXFHG�OLSLG�SHUR[LGDWLRQ�>��@�

3.5.7.3 ONION PEEL EXTRACT

-XQJ�HW�DO��>��@�KDYH�UHSRUWHG�WKDW�RQLRQ�SHHO�H[WUDFW��23(��FDQ�UHGXFH�LQVXOLQ�
UHVLVWDQFH�DQG�K\SHUJO\FHPLD�LQ�GLDEHWLF�UDWV��$QWL�GLDEHWLF�DFWLYLW\�RI�23(�
LV� DWWULEXWHG� WR�� JOXFRVH�PHWDEROLVP�� XSWDNH� LQ� SHULSKHUDO� WLVVXHV� WKURXJK�
LQVXOLQ�UHFHSWRU��,165��DQG�*/87��H[SUHVVLRQV�LQ�VNHOHWDO�PXVFOH��UHGXF-
WLRQ�LQ�SODVPD�IUHH�IDWW\�DFLG��))$��OHYHO��DQG�VXSSUHVVLRQ�RI�LQIODPPDWRU\�
DQG�R[LGDWLYH�VWUHVVHV�LQ�WKH�OLYHU�

3.5.7.4 ONION WASTE

2QLRQ�ZDVWH�FRQWDLQV�KLJK�GLHWDU\�ILEHU�ZLWK�DQWL�GLDEHWLF�DFWLYLW\��)XUWKHU-
PRUH�� VHYHUDO� in vitro VWXGLHV� KDYH� UHYHDOHG� WKDW� ILEHU� FRQFHQWUDWHV� �)&V��
RIIHU�JOXFRVH�DEVRUSWLRQ��GHOD\�JOXFRVH�GLIIXVLRQ��LQFUHDVH�DP\ODVH�DFWLYLW\��
DQG� UHGXFWLRQ� RI� VWDUFK� GLJHVWLELOLW\��0RUHRYHU�� )&V� IURP� EDJDVVH� �RQLRQ�
ZDVWHV�ZHUH� WULWXUDWHG�DQG�SUHVVHG��KDYH�VKRZQ�D�KLJKHU�DELOLW\� WR�DEVRUE�
glucose because they contain pectic polysaccharides in higher concentra-
WLRQV��%DJDVVH�)LEHU�&RQFHQWUDWHV��%)&V��FDQ�UHWDUG�DQG�GHOD\�GLIIXVLRQ�DQG�
DEVRUSWLRQ�RI�JOXFRVH�LQ�WKH�JDVWURLQWHVWLQDO�WUDFW�>��@�

3.5.8 RED PEPPER

Red pepper (Capsicum annuum /���FRQWDLQV�FDSVDLFLQRLGV��ȕ�FDURWHQH��SKHQROV��
IODYRQRLG�� VTXDOHQH�� YLWDPLQ� &�� YLWDPLQ� (�� FDOFLXP�� SKRVSKRU�� SRWDVVLXP��
SK\WRVWHUROV�� DQG� IDWW\� DFLG�� +DUYHVWLQJ� WLPH� GHWHUPLQHV� WKH� SK\WRFKHPLFDO�
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FRPSRVLWLRQ� DQG� DQWLR[LGDQW� DFWLYLW\� RI� UHG� SHSSHU� WKURXJK� WKH� VWDEOH� DFFX-
PXODWLRQ� RI� YLWDPLQ� (�� SK\WRVWHUROV�� DQG� IDWW\� DFLG� >��@�� &RQFHQWUDWLRQV� RI�
TXHUFHWLQ�DQG�FDWHFKLQ�GLIIHU�DPRQJ�FRORUHG�EHOO�SHSSHU�DW�PDWXUDWLRQ�VWDJHV�
>��@��)XUWKHUPRUH��SHHO��DQG�VHHG�H[WUDFWV�RI�UHG�VZHHW�SHSSHU�LQKLELW�SDQFUHDWLF�
Į�DP\ODVH�DFWLYLW\�EXW�LW�GRHV�QRW�LQIOXHQFH�Į�JOXFRVLGDVH�DFWLYLW\��7KH\�FRQWDLQ�
KLJK�FRQFHQWUDWLRQ�RI�SKHQROLF�FRPSRXQGV��VXFK�DV��UXWLQ��JDOOLF�DFLG��FDUYDFURO��
DQG���2+�EHQ]RLF�DFLG��ZLWK�DQWLR[LGDQW�DFWLYLW\�>��@�

&DSVDLFLQRLGV� DUH�PDMRU� FRPSRQHQWV� LQ� WKH� FKLOL� SHSSHU��ZKLFK� R൵HUV�
DQWL�GLDEHWLF� DFWLYLW\�� 0RGHUDWH� FRQVXPSWLRQ� RI� ���� PJ� RI� FDSVDLFLQRLGV�
GDLO\� LQGXFHV� JOXFRVH� OHYHO��/'/�FKROHVWHURO� DQG�&53� IRUPDWLRQ� >��@�� ,Q�
DGGLWLRQ��.RUHDQ� UHG� SHSSHU� SUHYHQWHG�DM� E\� DFWLYDWLRQ� RI� 33$5�Ȗ� DQG�
$03.�>���@��7KH�K\SRJO\FHPLF�H൵HFW�RI�FDSVDLFLQ�DQG�GLK\GURFDSVDLFLQ�
GRHV�QRW�H[KLELW�D�V\QHUJLVWLF�H൵HFW��1DWXUDO�FDSVDLFLQRLG��FDSVDLFLQ�������
DQG� GLK\GURFDSVDLFLQ� ������� DQG� FDSVDLFLQ� ������ VLJQL¿FDQWO\� VKRZHG� D�
K\SRJO\FHPLF� H൵HFW�� &DSVDLFLQRLGV� FDQ� HOHYDWH� LQVXOLQ� OHYHO� DQG� UHGXFHV�
EORRG�JOXFRVH�OHYHOV��LQKLELW�JOXFRVH�DEVRUSWLRQ�LQ�WKH�LOHXP�>���@�

3.5.9 TAMARIND

7DPDULQG��Tamarindus indica /���LV�DQ�LQGLJHQRXV�SODQW�LQ�$IULFD��,QGLD��7KDL-
ODQG��%DQJODGHVK��6UL�/DQND��,QGRQHVLD��0H[LFR��DQG�&RVWD�5LFD��7DPDULQG�KDV�
EHHQ�XVHG�DV�D�IRRG�VHDVRQLQJ�DQG�IODYRULQJ�DJHQW�IRU�IRRG�DQG�GULQNV��7DPDULQG�
IUXLW�SXOS�FRQWDLQV�WDUWDULF�DFLG��UHGXFLQJ�VXJDU��YLWDPLQ�%��YLWDPLQ�&��FDURWHQH��
DQG�WKLV�SXOS�KDV�EHHQ�XVHG�DV�D�IRRG�FRPSRQHQW��FXUULHV��VDXFHV��FRQIHFWLRQHU\�
IODYRULQJ�DQG�WKH�PDMRU�FRPSRQHQW�LQ�EHYHUDJHV��0RUHRYHU��WDPDULQG�OHDYHV��
IORZHUV��DQG�VHHGV�DUH�DOVR�VHUYHG�DV�YHJHWDEOHV��VDODG��FXUULHV��DQG�VRXS�>��@�

7DPDULQG� LV� DQ� DQWL�GLDEHWLF� DJHQW� IRU� W\SH��� DM and can control 
R[LGDWLYH�VWUHVV�>������@��(WKDQROLF�H[WUDFW�RI�WDPDULQG�EDUNV�FDQ�GHFUHDVH�
EORRG� JOXFRVH� OHYHOV� DQG� SUHYHQW� R[LGDWLYH� VWUHVV� E\� DQWLR[LGDQW� DFWLYLW\�
>�@��3RWHQWLDO�RI� WDPDULQG�VHHG�DV�DQ�DQWLR[LGDQW�DQG�DQWL�GLDEHWLF�DFWLYLW\�
ZDV�FRQ¿UPHG�in vivo and in vitro VWXGLHV��7DPDULQG�VHHG�DTXHRXV�H[WUDFW�
H[KLELWV�K\SHUJO\FHPLF�DWWHQXDWLRQ��DV�VKRZQ�LQ�VHYHUDO�LQGLFDWRUV��VXFK�DV��
)%*�OHYHO��JO\FRJHQ�FRQWHQW��DQG�JOXFRVH���SKRVSKDWDVH�DFWLRQ��7KH�DQWL�
K\SHUJO\FHPLF�PHFKDQLVP� DSSHDUV� WKURXJK� WKH� UHJXODWLRQ� RI� LQWUDFHOOXODU�
JOXFRVH�XWLOL]DWLRQ�LQ�WDUJHW�RUJDQV�>��@�

)XUWKHUPRUH��WKH�FRQWULEXWLRQ�RI�DQWL�GLDEHWLF�DFWLYLW\�RI�WDPDULQG�VHHG�
DTXHRXV� H[WUDFW� LV� UHODWHG� WR� LWV� DQWL�LQÀDPPDWRU\� DFWLYLW\� RQ� ȕ�FHOO� FHOOV�
RI� LVOHWV�DQG�F\WRNLQHV�E\�FRPSOH[�PHFKDQLVPV�� LQYROYLQJ�FDOFLXP�>&D��@�
DQG65(%3��F�JHQH�LQ�WKH�OLYHU�>��@�
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7DPDULQG�VHHG�DOVR�FRQWDLQV�HGLEOH�PXFRDGKHVLYH�SRO\VDFFKDULGH��VXFK�
DV�� WDPDULQG�[\ORJOXFDQ��7*;����ZKLFK�KDV�EHQH¿FLDO�DV�GLHWDU\�¿EHU�DQG�
DV� WKLFNHQHU� RU� VWDELOL]HU� LQ� WKH� IRRG� LQGXVWU\��;\ORJOXFDQ� HQKDQFHG� OLSLG�
PHWDEROLVP�LQ�WKH�UDW�E\�UHGXFLQJ�WRWDO�FKROHVWHURO��ȕ�OLSRSURWHLQ��WRWDO�OLSLG��
SKRVSKROLSLG��DQG�DGLSRVH�WLVVXH�ZHLJKW�>���@��;\ORJOXFDQ�KDV�DQ�LPSRUWDQW�
IXQFWLRQ� WR�DWWHQXDWH� LQÀDPPDWLRQ�DQG�KHDOLQJ�RI�XOFHUDWLYH�FROLWLV�E\� WKH�
PXFRDGKHVLYH�SURFHVV�DQG�LW�KDV�DQWLR[LGDQW�SURSHUWLHV�>������@��7KHUHIRUH��
WKH� SRO\SKHQRO�ULFK� VHHGV� RI� WDPDULQG� DQG� WKHLU� DTXHRXV� H[WUDFW� FDQ� EH�
GHYHORSHG�DV�QHZ�KHUEDO�GUXJ�IRU�GLDEHWHV�WKHUDS\�>��@�

+\SHUOLSLGHPLD�FDQ�EH�UHGXFHG�E\�WKH�XWLOL]DWLRQ�RI�WDPDULQG�IUXLW�SXOS��
7DPDULQG�IUXLW�SXOS�H[WUDFW�GLPLQLVKHV�WKH�SRWHQWLDO�ULVN�RI�DWKHURVFOHURVLV�
GHYHORSPHQW� LQ� KXPDQV� E\� UHGXFLQJ� WULJO\FHULGHV�� QRQ�+'/� FKROHVWHURO��
WRWDO� FKROHVWHURO�� LQFUHDVLQJ�+'/� FKROHVWHURO� LQ� VHUXP�� DQG� HQKDQFLQJ� RI�
DQWLR[LGDQW� GHIHQVH� V\VWHP� >��@�� 0RUHRYHU�� WDPDULQG� IUXLW� SXOS� H[WUDFW�
LV� D� SRWHQWLDO� K\SRFKROHVWHUROHPLF� DJHQW�� ,W� HQKDQFHV� FKROHVWHURO� H൷X[��
SUHYHQWLQJ� FKROHVWHURO� ELRV\QWKHVLV�� LQFUHDVLQJ� XSWDNH� DQG� UHPRYDO� RI�
/'/�&� IURP� SHULSKHUDO� WLVVXHV�� DQG� VXSSUHVVLQJ� WKH� DFFXPXODWLRQ� RI�
WULJO\FHULGH� LQ� WKH� OLYHU�� ,Q�DGGLWLRQ�� WDPDULQG� IUXLW�SXOS�FRQWDLQV�SKHQROLF�
FRPSRXQGV� DQG� ÀDYRQRLGV� WKDW� FDQ� SUHYHQW� R[LGDWLYH� GDPDJH�� HVSHFLDOO\�
FDXVHG�E\�/'/�&�R[LGDWLRQ�>��@��&RQVXPSWLRQ�RI�WDPDULQG�IUXLW�SXOS�LV�VDIH�
IRU�KHDOWK��EHFDXVH�LW�GRHV�QRW�VKRZ�WKH�F\WRWR[LF�H൵HFW�RQ�'1$�GDPDJH�LQ�
WKH�FHOOV�RI�Mus musculus and Rattus norvegicus�>��@�

3.5.10 TURMERIC

7XUPHULF��Curcuma longa�/���LV�SRSXODU�DV�D�VSLFH��KHU�EDQG�IRRG�FRORULQJ��
7UDGLWLRQDOO\�WXUPHULF�LV�XVHG�DV�D�KRPH�UHPHG\�IRU�DEGRPLQDO�SDLQV�>��@��
FRXJK��UKHXPDWLVP��DQG�VLQXVLWLV�>�@��7KH�PDMRU�SK\WRFKHPLFDO�LV�FXUFXPL-
QRLG��ZKLFK�LV�UHVSRQVLEOH�IRU�LWV�GHHS�RUDQJH�\HOORZ�FRORU�DQG�DQWL�GLDEHWLF�
DJHQW�>���������@�

$UXQ�DQG�1DOLQL�>��@�KDYH�UHSRUWHG�WKH�H൶FDF\�RI�WXUPHULF�DQG�FXUFXPLQ�
RQ�GLDEHWLF�UDWV��7KH�UHVXOWV�LQGLFDWHG�WKDW�WKH�LQMHFWLRQ�RI�WXUPHULF�RU�FXUFXPLQ�
UHGXFHG�WKH�EORRG�JOXFRVH�OHYHOV��+E��DQG�JO\FRV\ODWHG�KHPRJORELQ�OHYHOV��
7KH�VXSSOHPHQWDWLRQ�RI�WXUPHULF�DQG�FXUFXPLQ�DOVR�GLPLQLVKHG�WKH�R[LGDWLYH�
VWUHVV�FKDLQ�LQ�GLDEHWHV�LQGXFHG�PLFH��SRVVLEO\�GXH�WR�D�GHFUHDVH�LQ�WKH�LQÀX[�
RI�EORRG�JOXFRVH�LQWR�WKH�SRO\RO�SDWKZD\��,W�LV�DVVRFLDWHG�ZLWK�DQ�LQFUHDVH�RI�
1$'3+�1$'3�UDWLR�DQG�HQKDQFHG�DFWLYLW\�RI�WKH�DQWLR[LGDQW�HQ]\PH��L�H���
JOXFRVH� SHUR[LGDVH��$GGLWLRQDOO\�� WKH� DFWLYLW\� RI� VXFFLQDWH� GHK\GURJHQDVH�
ZDV�UHGXFHG�VLJQL¿FDQWO\�GXH�WR�WXUPHULF�RU�FXUFXPLQ�WKHUDS\�>��@�
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7XUPHULF� LV� EHQH¿FLDO� IRU� VXSSUHVVLQJ� K\SHUJO\FHPLD�� 0RKDPHG� HW�
DO�� >��@� LQYHVWLJDWHG� WKH� H൵HFWV� RI� DTXHRXV��PHWKDQRO�� DQG� Q�KH[DQH� URRW�
H[WUDFWV�RI�Curcuma longa� RQ� DOOR[DQ�LQGXFHG�GLDEHWLF� UDWV��7RWDO���� UDWV�
ZHUH�JURXSHG�LQWR���JURXSV�ZLWK���UDWV�SHU�JURXS�

7KH�JURXS�,�UDWV�ZHUH�FRQVLGHUHG�DV�QRUPDO�FRQWURO�

• Group II rats were considered as diabetic control.
• Group III rats were induced with diabetes and standard drug 

�PHWIRUPLQ������PJ�NJ±�) was administered.
• Rats in group IV were induced with diabetes and administered with 

FUXGH�DTXHRXV�H[WUDFW�ZLWK�D�GRVH�RI�����PJ�NJ�ERG\�ZHLJKW±��IRU���
weeks.

• Rats in group V were induced with diabetes and administered with 
PHWKDQRO�ZLWK�D�GRVH�RI�����PJ�NJ�ERG\�ZHLJKW±��IRU���ZHHNV�

• Rats in group VI were induced with diabetes and administered with 
Q�KH[DQH�H[WUDFWLRQ�IUDFWLRQV�ZLWK�D�GRVH�RI�����PJ�NJ�ERG\�ZHLJKW±� 
IRU���ZHHNV�

7KLV�VWXG\�E\�0RKDPHG�HW�DO��FRQFOXGHG�WKDW�WKH�PHWKDQRO�IUDFWLRQ�KDG�
WKH�KLJKHVW�SRWHQF\� IRU� UHGXFLQJ�EORRG�JOXFRVH� OHYHOV� LQ�D� VLJQL¿FDQW�ZD\�
�S������� FRPSDUHG� WR� GLDEHWLF� FRQWURO� DIWHU� IHZ� GD\V� RI� DGPLQLVWUDWLRQ� RI�
IUDFWLRQV��)XUWKHUPRUH��K\SRJO\FHPLF�DFWLYLW\�ZDV�REVHUYHG�DIWHU�D�ZHHN�RI�
DGPLQLVWUDWLRQ�RI�WKH�DTXHRXV�H[WUDFW��7KH�IUDFWLRQ�RI�Q�KH[DQH�H[WUDFWLRQ�KDG�
D�UHPDUNDEOH�K\SRJO\FHPLF�DFWLYLW\�RQO\�DIWHU���ZHHNV�RI�DGPLQLVWUDWLRQ�>��@�

Curcumin has the ability to enhance wound repair in diabetic patients. 
6LGKX�HW�DO��>��@�HYDOXDWHG�WKH�H൶FDF\�RI�FXUFXPLQ�IRU�WKH�WUHDWPHQW�RI�ZRXQGV�
LQ�GLDEHWLF�UDWV��:RXQGV�RI�UDWV�WUHDWHG�ZLWK�FXUFXPLQ�VKRZHG�HDUOLHU�UH�HSLWKH-
OLDOL]DWLRQ�� DFFHOHUDWHG� QHRYDVFXODUL]DWLRQ� SURFHVV�� LQFUHDVHG� PRYHPHQW� RI�
YDULRXV�FHOOV��LQFOXGLQJ�GHUPDO�P\R¿EUREODVWV��¿EUREODVWV��PDFURSKDJHV�LQWR�
the wound bed, and higher collagen content. For its immune-histochemical, the 
UHVXOWV�VKRZHG�DQ�LQFUHDVH�LQ�WUDQVIRUPLQJ�JURZWK�IDFWRU�EHWD���LQ�FXUFXPLQ�
treated wounds compared to the control group. A delay in the apoptosis patterns 
ZDV�VKRZQ�LQ�GLDEHWLF�ZRXQGV�FRPSDUHG�WR�FXUFXPLQ�WUHDWHG�ZRXQGV�>��@�

3.6 CHALLENGES AND FUTURE PERSPECTIVES

8WLOL]DWLRQV�RI�KHUEV�DQG�VSLFHV�DV�D�IXQFWLRQDO�IRRG�IRU�GLDEHWLF�WUHDWPHQW�
KDYH�VHYHUDO�FKDOOHQJHV��,Q�RUGHU�WR�PD[LPL]H�WKH�EHQHILFLDO�KHDOWK�HIIHFWV�
WKURXJK�WKH�XWLOL]DWLRQ�RI�KHUEV�DQG�VSLFHV��WKH�IROORZLQJ�LVVXHV�KDYH�EHHQ�
discussed.
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3.6.1 SYNTHESIS AND RIPENING STAGES

7KH�TXDQWLW\�RI�WKH�SK\WRFKHPLFDOV�IURP�VHOHFWHG�KHUEV�DQG�VSLFHV�LV�PRVWO\�
DIIHFWHG�E\�WKH�JURZWK�VWDJH�DQG�LWV�RULJLQ�RI�D�SODQW��5HEH\�HW�DO��>��@�IRXQG�
WKDW� WKH� ULSHQLQJ� VWDJH�RI� FXPLQ� VHHG� VLJQLILFDQWO\� LQIOXHQFHG� WKH� FRQWHQWV�
RI� SRO\SKHQRO�� IODYRQRLGV�� WDQQLQV�� DQG� WKHLU� DQWLR[LGDQW� DFWLYLWLHV��'XULQJ�
three ripening stages, cumin seed contained a high phenolic constituent with 
VLJQLILFDQW�DQWLR[LGDQW�DFWLYLW\��7KH�VWXG\�H[KLELWHG�WKDW�IXOO�ULSH�FXPLQ�VHHGV�
are enriched with polyphenol and condensed tannin than unripe seeds. More-
RYHU��XQULSH�FXPLQ�VHHGV�FRQWDLQ�KLJKHU� WRWDO�IODYRQRLG�FRQWHQW��7)&��WKDW�
KDOI�ULSH�DQG�IXOO\�ULSH�VHHGV��$2&�LV�QRW�RQO\�UHSUHVHQWHG�E\�WKH�KLJK�YDOXH�
RI�WKH�WRWDO�SKHQROLF�FRPSRXQG�EXW�DOVR�RQ�WKH�SKHQROLF�FRPSRVLWLRQ�>��@�

7KH�RULJLQ�RI� WKH� V\QWKHVLV�RI� WKH�SK\WRFKHPLFDO�FRPSRXQGV� LV�YDULHG�
LQ� OHDYHV�� VWHP�� EDUN�� ÀRZHUV�� URRWV�� DQG� VHHGV�� 5HEH\� HW� DO�� IRXQG� WKDW�
rosmarinic acid is a phenolic acid while p-coumaric acid is a constituent in 
KDOI�ULSH�DQG�IXOO�ULSH�VHHGV�>��@�

%HWWDLHE�>��@�UHSRUWHG�WKDW�WKH�GL൵HUHQFHV�LQ�WKH�FKHPLFDO�FRPSRVLWLRQ�
RI�FXPLQ�GHSHQG�RQ�WKH�SODQW�SDUWV��%RUQ\O�DFHWDWH�LQ�URRWV��Ȗ�SLQHQH��DQG�
YDQLOOLF�DFLG�LQ�ÀRZHU��WK\PRO��5�WHUSLQHQH��S�FRXPDULF�LQ�VWHPV��DQG�OHDYHV�
DUH� DEXQGDQW�� 7KHUHIRUH�� FHUWDLQ� KHDOWK�SURPRWLQJ� DQWLR[LGDQWV� GHYHORS-
PHQW�LQ�WKH�IRRG�LQGXVWU\�FDQ�EH�HQKDQFHG�E\�WKH�DUUDQJHPHQW�RI�EUHHGLQJ�
VWUDWHJLHV��VHOHFWLRQ�RI�UHVRXUFHV�RI�KHUEV�DQG�VSLFHV��DQG�W\SH�RI�VROYHQW�IRU�
H[WUDFWLRQ�>��@�

3.6.2 RECOVERY METHOD FOR PHYTOCHEMICALS

6HOHFWHG�H[WUDFWLRQ�PHWKRG�SOD\V�D�VLJQLILFDQW�UROH�IRU�GHWHUPLQLQJ�WKH�TXDQWLW\�
DQG�WKH�EHQHILFLDO�HIIHFW�RI�D�SK\WRFKHPLFDO�FRPSRXQG��&KHPLFDO�SURSHUW\�
DQG�FKDUDFWHULVWLFV�RI�HDFK�FRPSRXQG�GHSHQG�RQ� WKH� LVRODWLRQ�PHWKRG��6X�
HW� DO�� >���@� IRXQG� D� VLJQLILFDQW� FRUUHODWLRQ� EHWZHHQ� WKH� GHWHUPLQDWLRQ� RI�
VROYHQW�H[WUDFWLRQ�RI�KHUEV�DQG�VSLFHV�DQG�DQWLR[LGDQW�DFWLYLW\��6XSHUFULWLFDO�
H[WUDFWLRQ� LV� DQ�H[FHOOHQW� WHFKQLTXH� WR� H[WUDFW�RLO� IURP�QXWPHJ�EHFDXVH� LW�
FDQ�SURGXFH�KLJK�TXDOLW\�RI�ERWDQLFDO�H[WUDFW��IUHH�RI�VROYHQW��D�QRQF\WRWR[LF�
FRPSRXQG�ZLWK�VLJQLILFDQW�FRVW�VDYLQJ�>�@��)XUWKHUPRUH��5HEH\�HW�DO��>��@�
UHSRUWHG� WKDW� WKH� VR[KOHW� H[WUDFW� RI� FXPLQ� VHHG� FRQVLVWHG� RI� WKH� KLJKHU�
FRQWHQW� RI� SRO\SKHQROV� DQG� IODYRQRLGV� WKDQ� WKH�PDFHUDWLRQ� H[WUDFW��$OVR��
PDFHUDWLRQ�H[WUDFW�UHYHDOHG�KLJKHU�DQWLUDGLFDO�DQG�EOHDFKLQJ�SRZHU�FDSDFLW\�
WKDQ� WKH� VR[KOHW� H[WUDFWV� >��@��7KHUHIRUH�� WKH� UHFRYHU\� RI� SK\WRFKHPLFDOV�
PXVW�FRQVLGHU�WKH�W\SH�RI�H[WUDFWLRQ�PHWKRG�
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3.6.3 CULTIVATION AND PROCESSING OF HERBS AND SPICES

6HYHUDO�SUREOHPV�UHODWHG�ZLWK�UDZ�PDWHULDO�DQG�RLO�SURGXFWLRQ�RI�QXWPHJ�KDYH�
EHHQ� UHSRUWHG� LQ� WKH� OLWHUDWXUH�� 6XFK� SUREOHPV� DUH� UHODWHG� ZLWK� FXOWLYDWLRQ��
SODQW�SURWHFWLRQ�PHDVXUHV��SURFHVVLQJ��VKRUWDJH�RI�SURGXFWLRQ�RI�QXWPHJ��DQG�
UHFRYHU\�RI�YDOXDEOH�FRPSRXQGV��7KHUHIRUH��HQKDQFLQJ�FXOWLYDWLRQ��SURFHVVLQJ��
DQG�DZDUHQHVV�VKDOO�LQFUHDVH�WKH�SURGXFWLYLW\��SURGXFW�TXDOLW\��DQG�VXVWDLQDELOLW\�
RI�WKH�QXWPHJ�SURFHVVLQJ�LQGXVWU\�>��@��,Q�WKH�UXUDO�DUHD��WKH�VXVWDLQDELOLW\�RI�
QXWPHJ�SURGXFWLRQ�GHSHQGV�RQ�ORFDO�JRYHUQPHQW�VXSSRUW��WUDGLWLRQDO�FXOWXUH��
DQG�WUDLQLQJ�DERXW�FXOWLYDWLRQ��DQG�SURFHVVLQJ�WR�IDUPHUV�>��@�

3.6.4 PROTECTION OF HERBS AND SPICES

'XULQJ� FXOWLYDWLRQ�� WKH� PDQDJHPHQW� RI� SHVWV� DQG� GLVHDVHV� DUH� WKH� PDMRU�
FKDOOHQJHV��6KDKQD]]L�HW�DO��>��@�H[SODLQHG�WKDW�LGHQWLILFDWLRQ�DQG�GHWHUPLQD-
WLRQ�RI�SODQW�GLVHDVHV��SHVWLFLGH� UHVLVWDQFH�SODQW�GLVHDVH��DQG�GHYHORSPHQW�
RI� HQYLURQPHQWDO�EHQLJQ� SHVWLFLGHV� VKDOO� LPSURYH� EUHHGLQJ� VWUDWHJ\� DQG�
SURGXFWLYLW\�RI�QXWPHJ�

3.6.5 IDENTIFICATION OF HERBS AND SPICES

7KH� LGHQWLILFDWLRQ� RI� VSLFHV� LV� XVXDOO\� EDVHG� RQ�PRUSKRORJLFDO� FKDUDFWHUV�
XVLQJ�PLFURVFRSLF�LQVWUXPHQWV�RU�PDJQLI\LQJ�JODVVHV��+RZHYHU��PROHFXODU�
GHWHFWLRQ�RI�VSLFHV�KDV�EHHQ�GHYHORSHG�XVLQJ�'1$�LVRODWLRQ��ZKROH�JHQRPH�
DPSOLILFDWLRQ� ZLWK� 3&5�� DQG� VHTXHQFLQJ�� )XUWKHUPRUH�� WKH� XWLOL]DWLRQ� RI�
molecular detection should be supported by excellent DNA isolation method, 
SULPHU�GHVLJQ��DQG�RSHUDWLQJ�FRQGLWLRQV�RI�3&5�>��@�

3.6.6 SUSTAINABILITY OF GENETIC DIVERSITY

*HQHWLF�GLYHUVLW\�RI�KHUEV�DQG�VSLFHV�PD\�EH�GDPDJHG�E\�WKH�PRGHUQL]DWLRQ�
LQ� WKH� DJULFXOWXUDO� VHFWRU�� XUEDQL]DWLRQ�� GHIRUHVWDWLRQ�� FOLPDWH� IDFWRU�� DQG�
FKDQJLQJ�ODQG�XVHV��*HQHWLF�GLYHUVLW\�UHGXFWLRQ�LWVHOI�PD\�RFFXU�LQ�WKH�FURS��
YDULHW\�� DQG� DOOHOH� RI� WKH�SODQWV��7KHUHIRUH�� FRQVHUYDWLRQ� VWUDWHJLHV� VKRXOG�
FRQVLGHU�ERWK�FRQYHQWLRQDO�DQG�PRGHUQ�WHFKQRORJLHV�WR�PDLQWDLQ�WKH�YDOX-
DEOH�JHQHWLF�GLYHUVLW\�RI�KHUEV�DQG�VSLFHV��DQG�LPSURYLQJ�VRFLDO�HGXFDWLRQ�
IRU�VXVWDLQDEOH�GHYHORSPHQW�>��@�
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3.7 SUMMARY

DM (type-1 diabetes and type-2 diabetes) is a metabolic condition. Diabetic 
WKHUDSLHV� LQFOXGH� LQVXOLQ� WKHUDS\� RU� H[HUFLVH�� DQG� WKH� XVH� RI� KHUEV� DQG�
VSLFHV��+HUEV� DQG� VSLFHV� FRQWDLQ� VLJQLILFDQW� DPRXQWV� RI� SK\WRFKHPLFDOV��
VXFK� DV�� HVVHQWLDO� RLO�� SKHQROLF� FRPSRXQGV�� WHUSHQRLGV�� IODYRQRLGV�� [\OR-
JOXFDQ�ZLWK� DQWL�GLDEHWLF� DFWLYLW\�� 7KH� XWLOL]DWLRQ� RI� KHUEV� DQG� VSLFHV� DV�
IXQFWLRQDO� IRRGV� LQYROYHV� VHYHUDO� FKDOOHQJHV�� VXFK�DV�� ����TXDQWLW\�RI� WKH�
SK\WRFKHPLFDO�YHUVXV�ULSHQLQJ�VWDJH�DQG�H[WUDFWLRQ�PHWKRG������FXOWLYDWLRQ�
DQG� VRUWDWLRQ�RI� UDZ�PDWHULDOV�� ���� DYDLODELOLW\� DQG� VHFXULW\� RI� KHUEV� DQG�
VSLFHV������LGHQWLILFDWLRQ�PHWKRGV�RI�SK\WRFKHPLFDOV��DQG�����VXVWDLQDELOLW\�
RI�KHUEV�DQG�VSLFHV�
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VALUE-ADDED PRODUCTS AND 
BIOACTIVE COMPOUNDS FROM 
FRUIT WASTES

RANJAY KUMAR THAKUR, RAHEL SUCHINTITA DAS,  
PRASHANT K. BISWAS, and MUKESH SINGH

CHAPTER 4

ABSTRACT

)UXLWV�DQG�YHJHWDEOHV�SURGXFH�D�KHIW\�DPRXQW�RI�ZDVWHV�WKDW�FRQWULEXWH�WR�JUDYH�
QXWULWLRQDO�ORVV��QHJDWLYH�HFRQRPLF�LPSDFW��DQG�HQYLURQPHQWDO�SROOXWLRQ��7KHVH�
ZDVWHV� KDYH� HQRUPRXV� SRWHQWLDO� IRU� FRPSRVWLQJ�� SURGXFLQJ� QRYHO� HIILFLHQW��
DQG�HFR�IULHQGO\�SURGXFWV��6HYHUDO�UHVHDUFK�VWXGLHV�KDYH�EHHQ�FRQGXFWHG�IRU�
H[WUDFWLRQ�� LVRODWLRQ�� DQG� FKDUDFWHUL]DWLRQ� WHFKQLTXHV� RI� VHYHUDO� ELRDFWLYH�
FRPSRXQGV�IURP�WKHVH�ZDVWHV��WKURXJK�FRQYHQWLRQDO�H[WUDFWLRQ��PLFURZDYH�
VXSSRUWHG� H[WUDFWLRQ�� VXSHUFULWLFDO� IOXLG�HQKDQFHG� H[WUDFWLRQ�� XOWUDVRXQG�
DVVLVWHG��KLJK�K\GURVWDWLF�SUHVVXUH�H[WUDFWLRQ��SXOVHG�HOHFWULF�ILHOG�H[WUDFWLRQ��
DQG�HQ]\PH�DVVLVWHG�H[WUDFWLRQ��,Q�WKLV�FKDSWHU��WKH�H[WUDFWLRQ��DQG�DSSOLFDWLRQ�
RI�ELRDFWLYH�DQG� IXQFWLRQDO�FRPSRXQGV� IURP�IUXLW� �SLQHDSSOH��SRPHJUDQDWH��
PDQJR��JUDSH��EDQDQD��DSSOH��DQG�FLWUXV�IUXLW��ZDVWHV�DUH�GLVFXVVHG�

4.1 INTRODUCTION

)UXLWV�DQG�YHJHWDEOHV�KDYH�D�VLJQLILFDQW�UROH�LQ�WKH�QDWLRQDO�HFRQRP\��FRQWURO-
OLQJ�PDOQXWULWLRQ��DQG�VROYLQJ�WKH�KXQJHU�LVVXH��%DQDQDV��DSSOHV��FLWUXV�IUXLWV��
and grapes are traded worldwide. Latin America is a leading global export 
IRUFH�DQG�&KLQD�KDV�D�KXJH�DQG�LQFUHDVLQJ�LPSRUW�PDUNHW�>���@�

)UXLWV� DUH� ULFK� LQ� QXWULHQWV� GXH� WR� WKH� SUHVHQFH� RI� QXPHURXV� ELRDFWLYH�
compounds, in both their edible and non-edible parts, such as, peels, and 
VHHGV��'HYHORSLQJ�QDWLRQV�IDFH�PDMRU�FKDOOHQJHV�LQ�WKHLU�SUDFWLFH�RI�KDQGOLQJ�
SRVW�KDUYHVW�ORVVHV�DQG�FDXVHV�RI�UHVXOWLQJ�DJUR�ZDVWH�FDQ�EH�WUDFHG�WKURXJK�
HYHU\�VWDJH��IURP�KDUYHVWLQJ�WR�SURFHVVLQJ��SDFNDJLQJ��WUDQVSRUWLQJ�WLOO�WKH�
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¿QDO�VWDJH�RI�FRQVXPSWLRQ��7KH�8QLWHG�1DWLRQV�)RRG�DQG�$JULFXOWXUH�2UJD-
QL]DWLRQ��)$2��KDV�SURMHFWHG�WKDW�ORVVHV�LQ�IUXLWV�DQG�YHJHWDEOHV�DUH�KLJKHVW�
UHDFKLQJ�XS�WR�����DPRQJVW�DOO�W\SHV�RI�IRRG�ZDVWHV�>���@�

$JUR�ZDVWH�LV�RQH�RI�WKH�SULQFLSDO�VRXUFHV�RI�PXQLFLSDO�VROLG�ZDVWHV�WKDW�
OHDG�WR�DQ�HQRUPRXV�HQYLURQPHQWDO�EXUGHQ��7UDGLWLRQDO�VROLG�ZDVWH�KDQGOLQJ�
PHWKRGV�RI�ODQG�¿OLQJ�UHVXOWV�LQ�KDUPIXO�PHWKDQH�DQG�FDUERQ�GLR[LGH�HPLV-
VLRQV��LI�QRW�SURSHUO\�FRQWUROOHG��,QFLQHUDWLRQ�RI�WKH�DJUR�ZDVWH�OHDGV�WR�WKH�
HPLVVLRQ�RI�GDQJHURXV�SROOXWDQWV��VXFK�DV��GLR[LQV�� IXUDQV��DQG�SDUWLFXODWH�
PDWWHUV��7KHUHIRUH��WKHUH�LV�DQ�XUJHQW�DQG�FULWLFDO�QHFHVVLW\�WR�KXQW�IRU�YDOXH�
DGGHG�XWLOL]DWLRQ�IURP�WKHVH�DJUR�ZDVWHV�WR�FDWHU� WR�HQYLURQPHQWDO�SURWHF-
WLRQ��VXVWDLQDELOLW\��DQG�HFRQRPLF�YLDELOLW\��)UXLW�ZDVWH�PDLQO\�FRPSULVHV�RI��
SHHOV��ULQGV��VHHGV��SRPDFH��HWF��7KHVH�ZDVWH�FRPSRQHQWV�DUH�ULFK�LQ�SK\WR-
FKHPLFDOV� DQG� ELRDFWLYH� FRPSRXQGV�� VXFK� DV�� SRO\SKHQROV�� FDURWHQRLGV��
HQ]\PHV��YLWDPLQV��DQG�GLHWDU\�¿EHUV�ZLWK�VHYHUDO�KHDOWK�EHQH¿WV�>���@�

6XJDUV��DPLQR�DFLGV��IDWW\�DFLGV��JO\FHURO��DQG�SKRVSKDWHV�HQVXLQJ�IURP�
IRRG�ZDVWH�DUH�FKLHI�QXWULHQWV�IRU�WKH�JURZWK�RI�EDFWHULD��IXQJL��DQG�DOJDH�WR�
JHQHUDWH�ELRPDVV�DQG�D�UDQJH�RI�SULPDU\�DQG�VHFRQGDU\�PHWDEROLWHV��ZKLFK�
FDQ�EH�XWLOL]HG�IRU�WKH�SURGXFWLRQ�RI�FKHPLFDOV��PDWHULDOV��DQG�HQHUJ\�>��@��
7KHUHIRUH�� WKH�XWLOL]DWLRQ�RI�XQLTXH�ELRPROHFXOHV�DQG�ELRDFWLYH�PROHFXOHV�
IURP�IRRG��YHJHWDEOH��DQG�IUXLW�ZDVWHV�DUH�FRQVLGHUHG�DV�D�PDMRU�DWWHPSW�WR�
UHGXFH�HQYLURQPHQW�FRQWDPLQDWLRQ�LQ�WKH�IRRG��DJULFXOWXUDO��WH[WLOH��FRVPHWLF��
chemical, and pharmaceutical industries.

'L൵HUHQW� WHFKQRORJLHV� �VXFK� DV�� FRQYHQWLRQDO� H[WUDFWLRQ� �H�J��� VR[KOHW�
extraction, maceration, hydro-distillation) and emerging technologies 
�VXFK� DV�� XOWUDVRXQG�DVVLVWHG� H[WUDFWLRQ� �8$(��� VXSHUFULWLFDO� ÀXLG�DSSOLHG�
H[WUDFWLRQ��PLFURZDYH�DVVLVWHG�H[WUDFWLRQ��0$(���KLJK�K\GURVWDWLF�SUHVVXUH�
�++3��DSSOLHG� H[WUDFWLRQ�� SXOVHG� HOHFWULF� ¿HOG�GHSHQGHQW� H[WUDFWLRQ� DQG�
HQ]\PH�DVVLVWHG�H[WUDFWLRQ��KDYH�EHHQ�DGRSWHG�IRU�H[WUDFWLRQ�DQG�LVRODWLRQ�
RI�YDOXDEOH�FRPSRXQGV�IURP�IRRG��YHJHWDEOH��DQG�IUXLW�ZDVWHV�>���@�

7KLV� FKDSWHU� IRFXVHV� RQ� WKH� LGHQWL¿FDWLRQ� DQG� DSSOLFDWLRQ�RI� ELRDFWLYH�
DQG� IXQFWLRQDO� FRPSRXQGV� IURP� IUXLW� �SLQHDSSOH�� SRPHJUDQDWH�� PDQJR��
JUDSH��EDQDQD��DSSOH��DQG�FLWUXV�IUXLW��ZDVWHV�

4.2 DIFFERENT TYPES OF WASTES FROM FRUITS

4.2.1 PINEAPPLE

3LQHDSSOH� E\�SURGXFWV� LQFOXGH� UHVLGXDO� SXOS�� SHHOV�� VWHPV�� DQG� OHDYHV��
3URFHVVLQJ�RI�SLQHDSSOH��Ananas comosus) generates peels, core, pulps, top, 
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DQG� ILQDO�SURGXFW� DPRXQWLQJ� WR� ����� ���� ����� ����� ����� UHVSHFWLYHO\�
>��@��3HHO�LV�WKH�PDMRU�ELRZDVWH�JHQHUDWHG�GXULQJ�SLQHDSSOH�SURFHVVLQJ�>��@�

$� VXEVWDQWLDO� DPRXQW� RI� VXJDUV� LV� SUHVHQW� LQ� SLQHDSSOH� SHHO� WKDW� FDQ�
EH� XWLOL]HG� DV� VXEVWUDWHV� LQ� IHUPHQWDWLRQ� DQG� DOVR� DV� D� SRWHQWLDO� VXEVWUDWH�
IRU� PHWKDQH�� HWKDQRO�� DQG� K\GURJHQ� JHQHUDWLRQ� >���� ��@�� %URPHODLQ� �(&�
������������ D� FRPPHUFLDOO\� DYDLODEOH� SURWHRO\WLF� HQ]\PH�� LV� RIWHQ� GHULYHG�
IURP�WKH�VWHP�RI�SLQHDSSOH��,W� LV�XVHG�LQ�D�PHDW�WHQGHUL]HU��D�EUHDG�GRXJK�
LPSURYHU�� WR�SUHYHQW�EURZQLQJ��DV�D�FODULI\LQJ�DJHQW� LQ�EHHU��DQLPDO� IHHG��
FRVPHWLF��DQG�WH[WLOH�LQGXVWULHV�>��@��3LQHDSSOH�ZDVWH�FDQ�DOVR�EH�XVHG�IRU�
WKH�SURGXFWLRQ�RI�RUJDQLF�DFLGV��VXFK�DV��ODFWLF�DFLG�>�@�DQG�DFHWLF�DFLG�>���@�

7KH�LQFUHDVH�LQ�GHPDQG�IRU�QDWXUDOO\�GHULYHG�ÀDYRUV�KDV�HQFRXUDJHG�WKH�
SURGXFWLRQ�RI�QDWXUDO�YDQLOOLQ�IURP�VXEVWUDWHV�WKURXJK�WKH�SURFHVV�RI�PLFUR-
ELDO� ELRWUDQVIRUPDWLRQ�� 9DQLOOLQ� ��� K\GUR[\���PHWKR[\�EHQ]DOGHK\GH�� LV�
SURGXFHG�IURP�YDQLOOLF�DFLG��3LQHDSSOH�SHHO�ZDVWH�KDUERUV�IHUXOLF�DFLG��ZKLFK�
LV�WKH�SUHFXUVRU�RI�YDQLOOLF�DFLG�>���@��7KHUHIRUH��YDQLOOLQ�FDQ�EH�V\QWKHVL]HG�
IURP�SLQHDSSOH�SHHOV�IURP�D�VHULHV�RI�ELRFKHPLFDO�UHDFWLRQV�>��@�

7KH�SLQHDSSOH�E\�SURGXFWV�DOVR�FRQWDLQ�D�VLJQL¿FDQW�DPRXQW�RI�GLHWDU\�
¿EHU��PDLQO\�LQVROXEOH�GLHWDU\�¿EHU��DQG�FDQ�EH�XVHG�IRU�WKH�GHYHORSPHQW�RI�
IRRG�JUDGH� ORZ�FDORULH�¿EHU�HQULFKHG� IRRG� SURGXFWV� >��@��&URZQ�RI� SLQH-
DSSOH�ZDV�XVHG�DV�WKH�FDUERQ�VRXUFH�IRU�WKH�PHGLD�IRU�WKH�JURZWK�RI�WKUHH�
GL൵HUHQW� VWUDLQV�� QDPHO\�� Rhodopseudomonas Saccharomyces cerevisiae 
�EDNHU¶V� \HDVW��� DQG�Trichoderma harzianum. 7KHVH� VWUDLQV�ZHUH� XVHG� IRU�
PLFURELDO�VLQJOH�FHOO�SURWHLQ�SURGXFWLRQ�>���@�

4.2.2 POMEGRANATE

Pomegranate (Punica granatum��LV�ULFK�IUXLW�ZLWK�ELRDFWLYH�SK\WRFKHPLFDOV��
3RPHJUDQDWHV�FRQWDLQV�DULO��UDQJLQJ�IURP�����WR�����RI�HQWLUH�IUXLW���DQG�LW�
FRQVLVWV�RI�����MXLFH�DORQJ�ZLWK�����RI�VHHGV�>���@�

5HVLGXHV� DULVLQJ� IURP� SRPHJUDQDWH� SURFHVVLQJ� �VXFK� DV�� SRPHJUDQDWH�
SHH�ODQG�SRPHJUDQDWH�VHHGV��KDYH�QXPHURXV�ELRDFWLYH�FRPSRXQGV�ZLWK�JUHDW�
SRWHQWLDO�WR�SURGXFH�YDOXH�DGGHG�SURGXFWV��(O�)DOODK�HW�DO��>��@�UHSRUWHG�WKDW�
WKH�SHHO�RI�SRPHJUDQDWH�KDV�KLJKHU�DQWLR[LGDQW�DFWLYLW\�WKDQ�LWV�VHHGV�>��@��
0DOYL\D�HW�DO��>���@�UHSRUWHG�WKH�DQWLEDFWHULDO�DFWLYLW\�RI�H[WUDFWV�RI�WKH�SHHO�
RI� SRPHJUDQDWH� DJDLQVW�Staphylococcus aureus, Salmonella typhi, Entero-
bacter aerogenes, and Klebsiella pneumonia >���@��.KDQ�HW�DO��>��@�HYDOX-
DWHG�WKH�SRWHQWLDO�SURGXFWLRQ�RI�VLQJOH�FHOO�SURWHLQ�XVLQJ�SRPHJUDQDWH�ULQG�DV�
VXEVWUDWH�LQ�WKH�IHUPHQWDWLRQ�SURFHVV�XVLQJ�Saccharomyces cerevisiae. 7KH�
\LHOG�ZDV�HVWLPDWHG�DW��������RI�FUXGH�SURWHLQ�IURP�����J�RI�SRPHJUDQDWH�
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ULQG�>������@��&RPELQDWLRQ�RI�SRPHJUDQDWH�SHHO�H[WUDFW�ZLWK�FKLWRVDQ�DQG�
SRO\YLQ\O�DOFRKRO�ZDV�XVHG�WR�GHYHORS�IRU�ELFRPSRVLWH�SRO\PHU�ZLWK�DQWL-
PLFURELDO�DFWLYLW\�DJDLQVW�*UDP�SRVLWLYH�EDFWHULD�>��@�

4.2.3 MANGO

Mango (Mangifera indica /���D�VHDVRQDO�IUXLW��ZLGH�UDQJHV�RI�SURGXFWV��VXFK�
DV��SLFNOHV��QHFWDU��SXUHH��FKXWQH\��DQG�FDQQHG� OHDWKHU�VOLFHV�IURP�PDQJR��
KDYH�EHFRPH�SRSXODU�DURXQG�WKH�ZRUOG�>��@��3URFHVVLQJ�RI�PDQJRHV�JHQHU-
DWHV�����RI�LQRSHUDEOH�SXOS�����RI�VHHGV������RI�SHHO��DQG�����RI�WRWDO�
ILQLVKHG�SURGXFW�>��@��7KH�PDQJR�SURFHVVLQJ�ZDVWH�LV�GHULYHG�PDLQO\�IURP�
WKH�HSLFDUS�DQG�HQGRFDUS�DQG�KDV�EHHQ�SURMHFWHG�DW��������07�LQ�,QGLD�>��@��
7KHUH�LV�YHU\�ORZ�FRPPHUFLDO�XVH�RI�PDQJR�VHHG�NHUQHO��ZKLFK�LV�GLVFDUGHG�
PRVWO\�DV�D�IUXLW�ZDVWH�LQ�WKH�SURFHVVLQJ�LQGXVWULHV�>���@�

0DQJR�ZDVWH�LV�HQULFKHG�ZLWK�DQWLR[LGDQW�FRPSRXQGV�IRU�VHYHUDO�KHDOWK�
EHQH¿WV�>���@��&DURWHQRLGV�SUHVHQW�LQ�PDQJR�ZDVWH�DUH�XVHG�WR�PDQXIDFWXUH�
QDWXUDO�FRORUDQWV�LQ�WKH�IRRG�LQGXVWU\�>���@��7KH�FDURWHQRLG�LQ�UDZ�PDQJR�
SHHOV� LV� DERXW� �±�� WLPHV� KLJKHU� WKDQ� LQ� WKH� ULSH� PDQJRHV� >�@�� 'L൵HUHQW�
YDULHWLHV�RI� WKH�GLHWDU\�¿EHU� LQ�PDQJR�SHHOV�KDYH�EHHQ� LVRODWHG��7KH� WRWDO�
DPRXQW�RI�GLHWDU\�¿EHU�YDULHG�IURP�����WR�����LQ�WKH�GU\�SHHO��7KH�FRQWHQW�
RI�VROXEOH�GLHWDU\�¿EHU�FRQWHQW��LQ�UDZ�DQG�ULSHQHG�PDQJR�SHHOV��FRQVWLWXWHV�
PRUH�WKDQ�����RI�WRWDO�GLHWDU\�¿EHU�>���@�

It has been reported that mango seed kernel oil contains polyunsaturated 
IDWW\�DFLGV��VXFK�DV��OLQROHLF��DQG�ROHLF�DFLGV�>��@��$QWLPLFURELDO�DFWLYLW\�RI�
mango kernel against Staphylococcus aureus, Pseudomonas aeruginosa, 
Bacillus subtilis, Candida albicans, and Escherichia coli KDV�EHHQ�LGHQWL¿HG�
>�@��$OVR��PDQJR�NHUQHO�FRQWDLQV�VHYHUDO�SK\WRFKHPLFDOV��VXFK�DV��WDQQLQV��
ÀDYRQRLGV��FRXPDULQV��DQG� WHUSHQHV�>���@��0DQJR�NHUQHO�H[WUDFW�ZLWK�VR\�
SURWHLQ�LVRODWH�DQG�¿VK�JHODWLQ�ZDV�XVHG�WR�GHYHORS�D�ELRSRO\PHU�ZLWK�DQWL-
R[LGDQW�DFWLYLW\�>��@��Saccharomyces cerevisiae was grown on mango waste 
IRU�WKH�SURGXFWLRQ�RI�VLQJOH�FHOO�SURWHLQ�WKURXJK�VXEPHUJHG�IHUPHQWDWLRQ��,W�
ZDV�IRXQG�WKDW�VLQJOH�FHOO�SURWHLQ�SURGXFWLRQ�ZDV������ZKHQ�PDQJR�SHHO�
ZDVWH�ZDV�XVHG�LQ�IHUPHQWDWLRQ�PHGLXP�>�@�

4.2.4 GRAPES

Grapes (Vitis spp.��FDQ�EH�FRQVXPHG�UDZ�DQG�LQ�IRUPXODWLQJ�SURGXFWV��VXFK�
DV��ZLQH��UDLVLQV��MXLFH��MDP��MHOO\��YLQHJDU��DQG�VHHG�RLO�>��@��$FFRUGLQJ�

A
pp

le
 A

ca
de

m
ic

 P
re

ss

A
ut

ho
r C

op
y

Non Commercial Use



Value-Added Products and Bioactive Compounds 99

WR�WKH�6WDWLVWLFDO�5HSRUW�RI�,QWHUQDWLRQDO�2UJDQL]DWLRQ�RI�9LQH�DQG�:LQH�
�2,9��LQ�������JOREDOO\������PLOOLRQ�WRQV�RI�JUDSHV�ZHUH�SURGXFHG�DQG�
WKH�PDMRU� ������DPRXQW�RI�JUDSH�ZDV�XVHG� IRU� WKH�SURGXFWLRQ�RI�ZLQH�
>���@��,Q�WKH�ZLQHULHV��WRQV�RI�UHVLGXHV�LQ�WKH�IRUP�RI�JUDSH�SRPDFH�DUH�
SURGXFHG�DIWHU� WKH� IHUPHQWDWLRQ�SURFHVV� >��@��*OREDOO\�JUDSH�DQG�ZLQH�
LQGXVWULHV� SURGXFH� DSSUR[LPDWHO\� �� WR� �� PLOOLRQ� 07� RI� VROLG� ZDVWH�
DQQXDOO\�JOREDOO\�>���@�

*UDSH�VWHPV��VHHGV��DQG�VNLQV�DUH�FROOHFWLYH�SDUWV�RI�JUDSH�SRPDFH��ZKLFK�
LV� XWLOL]HG� IRU� RLO� H[WUDFWLRQ� DQG� WKHLU� H[WUDFWV� DUH� HPSOR\HG� WR� IRUPXODWH�
DQWLR[LGDQW�DQG�DQWLEDFWHULDO�DJHQW�SUHSDUDWLRQ�>���@��*UDSH�SRPDFH�GHULYHG�
GLHWDU\�¿EHUV�DQG�SKHQROLFV�DUH�PDLQO\�FRQFHQWUDWHG�LQ�WKH�IUXLW�VNLQV��VHHG��
DQG�SXOS��7KHVH�GLHWDU\�¿EHUV�DUH�SKHQROLF�ULFK�GLHWDU\�¿EHU�DQG�FDQ�EH�XVHG�
DV� D�GLHWDU\� VXSSOHPHQW�DQG�DQWLR[LGDQW��7KH�SKHQROLF� ULFK�JUDSH�SRPDFH�
GLHWDU\�¿EHU�FDQ�EH�LVRODWHG�E\�VROYHQW�H[WUDFWLRQ�DW����&�>�@�

*UDSH�SRPDFH�GHULYHG�GLHWDU\�¿EHUV�DUH�FRQVLGHUHG�DV�D�SRWHQWLDO�IXQF-
WLRQDO�LQJUHGLHQW�LQ�EDNHU\�SURGXFWV��WR�UHPRYH�UHG�ZLQH�WDQQLQV��WR�LQFUHDVH�
WKH�GLHWDU\�¿EHU�>���@��WR�LQFUHDVH�WKH�WRWDO�SKHQROLF�FRQWHQW��DQG�LQ�GHOD\LQJ�
OLSLG�R[LGDWLRQ�LQ�VDODG�GUHVVLQJV�DQG�\RJXUW�>��@��VHDIRRG�>���@��WR�UHGXFH�
UDQFLGLW\�LQ�UHG�ZLQHV�>��@��7KH�H[WUDFW�RI�JUDSH�SRPDFH�KDV�DOVR�HPHUJHG�
LQWR�K\GURSKRELF�DQG�K\GURSKLOLF�FKLWRVDQ�HGLEOH�¿OP�WR�LQFUHDVH�WKH�VKHOI�
OLIH�DQG�R൵HU�DQWLR[LGDQW�SURSHUWLHV�>���@�

7KH� DPRXQW� RI� SKHQROLF� FRPSRXQGV� LV� KLJKHU� LQ� WKH� VHHGV� WKDQ� WKH�
RWKHU�SDUWV�RI�JUDSHV�DQG�LWV�FRQFHQWUDWLRQ�LV�DERXW�����LQ�WKH�SXOS������
LQ� WKH� VNLQ�� DQG� ���� LQ� WKH� VHHGV� >��@��*UDSH� VHHGV� FRQWDLQ� �±����RI�
RLOV��PDLQO\�FRPSULVLQJ�RI�ROHLF�DQG�OLQROHLF�DFLGV�>��@��ZKLFK�DPRXQWV�WR�
PRUH�WKDQ�����RI�WKH�WRWDO�RLO�FRQWHQW�>��@��*UDSH�VHHG�RLO�FDQ�EH�XVHG�DV�
D� IXQFWLRQDO� LQJUHGLHQW� WR�PRGLI\�DQG�IRUPXODWH�KHDOWKLHU� IRRG�SURGXFWV�
LQ�WKH�PHDW�LQGXVWU\��$FFRUGLQJ�WR�WKH�VWXGLHV�E\�,VPDLO�HW�DO��>��@��JUDSH�
VHHG�RLO�LV�QHXURSURWHFWLYH��KHSDWRSURWHFWLYH��DQG�FDQ�UHGXFH�FKROHVWHURO�
LQ�WKH�OLYHU�

6R\�SURWHLQ�LVRODWH�ZLWK�JUDSH�VHHG�H[WUDFW�ZDV�XVHG�WR�GHYHORS�HGLEOH�
¿OP��ZKLFK�R൵HU�DQWLPLFURELDO�DFWLYLW\�DJDLQVW�Salmonella typhimurium 
and Escherichia coli�2����+��>�@��)XUWKHUPRUH��JUDSH�IUXLW�VHHG�H[WUDFW�
ZLWK� EDUOH\� EUDQ� SURWHLQ� DQG� JHODWLQ� ZHUH� XVHG� WR� GHYHORS� SDFNLQJ�
PDWHULDO�IRU�VDOPRQ�¿VK��,W�ZDV�IRXQG�WKDW�WKLV�ELRFRPSRVLWH�FDQ�LQKLELW�
IRUPDWLRQ�RI�Listeria monocytogenes and Escherichia coli 2����+�>���@��
Wine grape pomace was used as a cross-linking agent with minerals 
(Mg��, Ca��, and Fe��), proteins, organic acids, amino acids and phenolic 
DFLGV�>��@�
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4.2.5 BANANA

Banana (Musa acuminate and Musa balbisiana) peel are the major by-product, 
ZKLFK�DPRXQWV�WR������QHDUO\��RI�WKH�IUXLW�>��@��7KH�UDWLR�RI�EDQDQD�ZDVWH�DQG�
SURGXFW� LV������7KH�OLJQRFHOOXORVLF�PDVV� LV�GLVFDUGHG�RU� WUDQVSRUWHG� WR�RSHQ�
GXPSLQJ�JURXQGV��7KH�SURFHVV�KHOSV�WR�SUHVHUYH�WKH�VRLO�PRLVWXUH�DQG�VXSSO\�
RUJDQLF�PDWWHU��EXW�KDV�D�ODWHQW�ULVN�RI�WUDQVPLVVLRQ�RI�GLVHDVHV��7KH�OLJQRFHO-
OXORVLF�ELRPDVV�SURGXFHV�JUHHQKRXVH�JDVHV�GXULQJ�GHFRPSRVLWLRQ�>��@�

Banana peel has abundant phytochemicals, such as, phenolic antioxidant 
�JDOORFDWHFKLQ���FDURWHQRLGV��ȕ�FDURWHQRLGV��[DQWKRSK\OOV��DQG�Į�FDURWHQRLG���
FDWHFKRODPLQH¶V��DQWKRF\DQLQ��GHOSKLQLGLQ�DQG�F\DQLGLQ���VWHUROV��DQG�WULWHU-
SHQHV�>�������@��%DQDQD�SHHO�LV�ULFK�LQ�GLHWDU\�¿EHU��ZKLFK�FDQ�EH�LQFRUSRUDWHG�
LQWR�ELVFXLWV�LQ�WKH�IRUP�RI�SRZGHU��,Q�ELVFXLW��LW�FDQQRW�FKDQJH�RYHUDOO�DURPD��
WDVWH��DQG�FRORU�DQG�EXW�PDLQWDLQV�WKH�FDORULH��ORZ�FDORULH�IRRG�SURGXFWV��>��@�

2Q�WKH�RWKHU�KDQG��EDQDQD�SHHO�LV�SRWHQWLDO�WR�UHPRYH�KHDY\�PHWDOV��VXFK�DV�
FKURPLXP��,,,��>���@�DQG�FKURPLXP��,9��>��������@�WKURXJK�VRUSWLRQ�SURFHVV��
%DQDQD�SHHOV�FDQ�DOVR�EH�XVHG�WR�SURGXFH�VLOYHU�QDQRSDUWLFOHV��DV�WKHVH�DUH�ULFK�
LQ�SHFWLQ��OLJQLQ��DQG�KHPLFHOOXORVH��7KHVH�QDQRSDUWLFOHV�KDYH�VKRZQ�DQWLPL-
FURELDO�DFWLYLW\�DJDLQVW�SDWKRJHQLF�IXQJL��VXFK�DV��Candida albicans (BX and 
BH) and Candida lipolytica �1DWLRQDO�FROOHFWLRQ�RI�LQGXVWULDO�PLFURRUJDQLVPV�
(NCIM) 3589) and bacterial cultures, such as, Proteus valgaris (microbial type 
FXOWXUH�FROOHFWLRQ�DQG�JHQH�EDQN��07&&�����), Citrobacter kosari �07&&�
1657), Enterobacter aerogenes �07&&� ����� Klebsiella sp., Pseudomonas 
aeruginosa �07&&����� and Escherichia coli �07&&����� >��@�

7KH� E\�SURGXFWV� RI� EDQDQD� LQFOXGH�� OHDYHV�� VWDON�� DQG� LQÀRUHVFHQFH��
)XUWKHUPRUH��EDQDQD�ZDVWH�KDV�QRQ�IRRG�DSSOLFDWLRQV��VXFK�DV��QDWXUDO�¿EHU��
WKLFNHQLQJ�DJHQW��DOWHUQDWLYH�VRXUFH�RI�PLFUR��DQG�PDFUR�QXWULHQWV��ELRDFWLYH�
FRPSRXQGV�DQG�ELR�IHUWLOL]HU�>���@��%DQDQD�ZDVWH�KDV�EHHQ�XVHG�DV�JURZWK�
PHGLXP�IRU�Aspergillus niger DQG�LW�ZDV�IRXQG�WKDW�DIWHU���GD\V�RI�IHUPHQWD-
WLRQ��FRQFHQWUDWLRQ�RI�VLQJOH�FHOO�SURWHLQ�ZDV�����������J�/±��LQ�IHUPHQWDWLRQ�
PHGLXP�>���@��,Q�DQ�LQYHVWLJDWLRQ��Saccharomyces cerevisiae was grown on 
ZDVWH�RI�EDQDQD�IRU�WKH�SURGXFWLRQ�RI�VLQJOH�FHOO�SURWHLQ�DQG�WKH�\LHOG�ZDV�
�������>�@�

4.2.6 APPLE

3URFHVVLQJ� RI� DSSOHV� JHQHUDWHV� VWHPV�� VNLQ�� DQG� UHVLGXDO� IOHVK� >���� ���@��
7KH�E\�SURGXFW�RI�DSSOH��Malus domestica Borkh.) is apple cider and apple 
SRPDFH��ZKLFK�LV�JHQHUDWHG�IURP�����RI�WKH�RULJLQDO�IUXLW�ZLWK������ZHW�
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EDVLV��PRLVWXUH�FRQWHQW�>���@��2Q�VOLFLQJ��DSSOHV�SURGXFH�����RI�VHHGV�ZLWK�
SXOS�DV�E\�SURGXFWV��ZKLFK�DFFRXQW�IRU�DERXW�����RI�WKH�ILQDO�SURGXFW�>���@�

,W�LV�D�VRXUFH�RI�GLHWDU\�¿EHU��HVSHFLDOO\�SHFWLQ�ZLWK�FRQFHQWUDWLRQ�DERXW�
��±�����GU\�EDVLV��GHSHQGLQJ�XSRQ�WKH�YDULHW\�>��@��$FFRUGLQJ�WR�<RXQLV�
HW�DO��>���@��DSSOH�SRPDFH�KDV�YHUVDWLOH�IXQFWLRQDO�SURSHUWLHV��VXFK�DV��GL൵X-
VLRQ�UHWDUGDWLRQ�LQGH[�LQ�JOXFRVH��HPXOVLI\LQJ�DFWLYLW\��KROGLQJ�FDSDFLW\�RI�
ZDWHU�RLO�� DQG� DQWLPLFURELDO� DFWLYLW\�� 7KH� PRVW� UHDVRQDEOH� XWLOL]DWLRQ� IRU�
DSSOH�SRPDFH�LV�WKH�SHFWLQ�SURGXFWLRQ�>������@��$SSOH�SRPDFH�DOVR�FRQWDLQV�
ODUJH�DPRXQW�RI�QRQ�VWDUFK�SRO\VDFFKDULGHV��KLJK�DPRXQWV�RI�LQVROXEOH�¿EHU��
DQG�VROXEOH�¿EHU�>����������������@��%\�WKH�DGGLWLRQ�RI�GULHG�DSSOH�SRPDFH�
SRZGHU��¿EHU�HQKDQFHG�EDNHU\�SURGXFWV�ZHUH�IRUPXODWHG�ZLWK�ZKHDW�ÀRXU�
>�������@��7KH�FDNH� LV�SUHSDUHG�E\�SRZGHU�RI�DSSOH�SRPDFH� WKDW�FRQWDLQV�
KLJK� DPRXQW� RI� GLHWDU\� ¿EHU� DQG� SKHQROLF� FRQWHQW� >���@��$SSOH� SRPDFH�
FRQWDLQV�SKORUHWLQ�JO\FRVLGHV��FKORURJHQLF�DFLG�DQG�TXHUFHWLQ�JO\FRVLGHV�>����
��@��&DWHFKLQV�DQG�SURF\DQLGLQV�DUH�DOVR�SUHVHQW�LQ�ZDVWH�RI�DSSOHV�>��@�

$SSOH�ZDVWH��JHQHUDWHG� IURP�SURFHVVLQJ�RI� MXLFH��ZDV� WHVWHG� IRU�FRORQ�
WXPRU�FHOO� OLQHV��VXFK�DV��+7����+7����DQG�&D&R����5HVXOWV� LQGLFDWH�WKDW�
FRPSRXQGV� IURP� DSSOH�ZDVWH� FDQ� EHVWRZ� SURWHFWLRQ� DJDLQVW�'1$� LQMXU\��
DXJPHQW�EDUULHU�IXQFWLRQ�DQG�UHVWUDLQ�FHOO�LQYDVLRQ�>���@��,Q�DQRWKHU�VWXG\��
LQKLELWRU\�H൵HFWV�RI�QRQ�H[WUDFWDEOH�DQWLR[LGDQWV�DQG�H[WUDFWDEOH�DQWLR[LGDQWV�
IURP�DSSOH�ZDVWH�LQ�IUHH]H�GULHG�IRUP�RQ�+H/D��+HS*��DQG�+7����KXPDQ�
FDQFHU�FHOOV�ZHUH�VWXGLHG�DQG�WKH�QRQ�H[WUDFWDEOH�DQWLR[LGDQWV�ZHUH�IRXQG�WR�
EH�PRUH�H൵HFWLYH�WR�UHGXFH�WKH�JURZWK�RI�FDQFHU�FHOOV�>���@�

%LRFRPSRVLWH�ZLWK�DQWLPLFURELDO�DFWLYLW\�DQG�HQULFKHG�ZLWK�SRO\SKHQROV�
KDV�EHHQ�GHYHORSHG�ZLWK�WKH�DSSOH�VNLQ�ZDVWH��6XFK�ELRFRPSRVLWH�VKRZHG�
DQWLPLFURELDO�DFWLYLW\�DJDLQVW�Salmonella enteric, Escherichia coli O157:H 
and Listeria monocytogenes >��@�� 6LQJOH�FHOO� SURWHLQ� ZDV� SURGXFHG� ZLWK�
Saccharomyces cerevisiae ZLWK� DSSOH�ZDVWH� LQ� IHUPHQWDWLRQ�PHGLXP��7KH�
\LHOG�RI�VLQJOH�FHOO�SURWHLQ�ZDV��������>�@�

4.2.7 CITRUS

7KH�SHHO�RI�FLWUXV��Citrus L.��LV�UHMHFWHG�DV�D�ZDVWH��ZKLFK�KDV�GLYHUVH�DUUD\�
RI�VHFRQGDU\�ELRFRPSRQHQWV�ZLWK�VLJQLILFDQW�DQWLR[LGDQW�DFWLYLW\�FRPSDUHG�
WR�RWKHU�IUXLW�SDUWV�>���@��7KH�PDQGDULQV�JHQHUDWH�����RI�SHHOV�DQG�����RI�
ILQLVKHG�SURGXFW�>���@��$ERXW�����RI�FLWUXV�IUXLW�LV�ZDVWHG�LQ�WKH�IRUP�RI�UDJ��
SHHO��DQG�VHHGV�>������@�

)RRG�LQGXVWU\�XWLOL]HV�FLWUXV�SHHO�IRU�SURGXFWLRQ�RI�SHFWLQ��RLO��PRODVVHV��
DQG�OLPRQH��,W�KDV�EHHQ�FRQVLGHUHG�IRU�LQYHVWLJDWLRQ�IRU�LWV�KLJK�FRQWHQW�RI�
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ELRDFWLYH� FRPSRXQGV�� VXFK� DV�� ÀDYDQRQHV�� ÀDYRQROV�� SRO\PHWKR[\ODWHG�
ÀDYRQHV�DQG�SKHQROLF�DFLGV��7KHVH�FRPSRXQGV�DUH�XVHG�DV�QDWXUDO�DQWLR[L-
GDQWV�IRU�ELRWHFKQRORJLFDO��SKDUPDFHXWLFDO��DQG�IRRG�LQGXVWULHV�>��@�

5HVLGXHV�RI�RUDQJH�MXLFH�SURFHVVLQJ�LQGXVWU\�FUHDWH�ODUJH�SURSRUWLRQV�RI�
E\�SURGXFWV�WKDW�DUH�XVHG�DV�VRXUFH�RI�ELRDFWLYH�FRPSRXQGV�>��@��7KH�WRWDO�
SKHQROLF�FRQWHQW�LQ�SHHOV�RI�RUDQJHV��OHPRQV��DQG�JUDSHIUXLW�ZDV�����KLJKHU�
WKDQ�WKRVH�LQ�WKH�SXOS�RI�WKH�IUXLWV�>��@��/LPH�DQG�OHPRQ�SHHO�RLOV�DUH�XVHG�DV�
DURPD�DQG�ÀDYRU�FRPSRXQGV�LQ�QRQ�DOFRKROLF�DQG�DOFRKROLF�EHYHUDJHV�DQG�
IRRGV��DQG�DV�ÀDYRULQJ�DJHQWV�LQ�SKDUPDFHXWLFDO�LQGXVWULHV�WR�PDVN�GLVWDVWHIXO�
GUXJV��,Q�FRVPHWLFV��WKH\�DUH�XVHG�WR�IRUP�WKH�EDVH�RI�ORW�RI�FRPSRVLWLRQV�
>��@��'L൵HUHQW�DQWLPLFURELDO�SDFNDJLQJ�DUUDQJHPHQWV�KDYH�EHHQ�GHYHORSHG�
E\�LQFOXGLQJ�OHPRQ�H[WUDFWV�IRU�SURWHFWLRQ�RI�PR]]DUHOOD�FKHHVH�>��@�

'U\�SRZGHU� RI� WKH� SRPDFH�ZLWK� RUDQJH� �Citrus sinensis) peels was used 
WR�SUHSDUH�ELR�FRPSRVLWH�ZLWK�JRRG�YLVXDO�DSSHDUDQFH�� VXFK�DV��FRORU��ÀDYRU��
DQG�YLVXDOO\�VPRRWK�VXUIDFH�>���@��&XFXPEHU�DQG�RUDQJH�SHHOV�ZHUH�XVHG�IRU�
PDQXIDFWXULQJ�RI� VLQJOH�FHOO�SURWHLQ�XVLQJ�Saccharomyces cerevisiae through 
D�VXEPHUJHG�IHUPHQWDWLRQ��7KH�\LHOG�RI�VLQJOH�FHOO�SURWHLQ�ZDV�������>���@��,Q�
DQ�LQYHVWLJDWLRQ��Saccharomyces cerevisiae�ZDV�FXOWLYDWHG�RQ�VZHHW�RUDQJH�SHHO�
ZDVWH�IRU�WKH�JHQHUDWLRQ�RI�VLQJOH�FHOO�SURWHLQ�DQG�WKH�\LHOG�ZDV��������>�@�

7DEOH�����UHSUHVHQWV�ELRORJLFDO�DFWLYLWLHV�RI�VRPH�ELRDFWLYH�FRPSRXQGV�
WKDW�ZHUH�LVRODWHG�RU�SURGXFHG�IURP�IUXLW�ZDVWHV�

4.3 ISOLATION TECHNIQUES OF BIOACTIVE COMPOUNDS 
FROM FRUIT WASTES

6HYHUDO� WHFKQRORJLHV�KDYH�EHHQ�GHYHORSHG�WR� LVRODWH�ELRDFWLYH�FRPSRXQGV�
IURP�IUXLW�ZDVWHV��([WUDFWLRQ�PHWKRG�PD\�GHSHQG�RQ�WKH�WDUJHWHG�ELRDFWLYH�
FRPSRXQG��3UHSDUDWLRQ�RI�VDPSOH�LV�RQH�RI�WKH�FULWLFDO�DVSHFWV�WR�UHJXODWH�WKH�
W\SH�DQG�TXDQWLW\�RI�ELRDFWLYH�FRPSRXQG�IRU�H[WUDFWLRQ��8VXDOO\��WKH�H[WUDF-
WLRQ�WHFKQLTXHV�DUH�FDWHJRUL]HG�DV�FRQYHQWLRQDO�DQG�HPHUJLQJ�RU�QRYHO�>���@�

4.3.1 CONVENTIONAL EXTRACTION METHODS

4.3.1.1 SOXHLET EXTRACTION

7KH�WUDGLWLRQDO�PHWKRGV�DUH�UHJDUGHG�DV�FRQYHQWLRQDO�WHFKQLTXHV�DV�WKH\�KDYH�
EHHQ�DSSOLHG�VLQFH�DJHV��7KH�FRQYHQWLRQDO�H[WUDFWLRQ�WHFKQLTXHV�LQFOXGH�����
6R[KOHW�H[WUDFWLRQ������K\GUR�GLVWLOODWLRQ�DQG�����PDFHUDWLRQ��HWF��>��@�
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6R[KOHW� H[WUDFWLRQ� LV� D� VROYHQW�EDVHG� H[WUDFWLRQ� SURFHVV�� 7\SLFDOO\��
VR[KOHW�H[WUDFWLRQ�LV�XVHG��ZKHQ�WKH�LPSXULWLHV�DUH�LQVROXEOH�LQ�WKDW�VROYHQW�
DQG�WKH�GHVLUHG�FRPSRXQG�KDV�D�OLPLWHG�VROXELOLW\�LQ�D�VROYHQW�>���@�

$�NLQHWLF�PRGHO�RI�SKHQROLF�SLJPHQW�SURGXFWLRQ�XVLQJ�VR[KOHW�H[WUDFWLRQ�
was determined and those kinetic constants were implemented in large-
VFDOH�V\VWHP�IURP�RUDQJH�SHHO�ZDVWH��REWDLQHG�IURP�IUXLW� MXLFH�SURGXFWLRQ�
LQGXVWU\��7KH�KLJKHVW�SKHQROLF�SLJPHQW�\LHOG�ZDV�������������J�SKHQROLF�
SLJPHQW�SHU�J�GU\�SHHO��IURP�GULHG�SXOS��'XULQJ�H[WUDFWLRQ��WHPSHUDWXUH�RI�
���&��OLTXLG�VROLG�UDWLR��/�NJ��RI������DQG�SDUWLFOH�VL]H�VPDOOHU�WKDQ�����PP�
ZHUH�PDLQWDLQHG�>��@�

4.3.1.2 HYDRODISTILLATION

+\GUR�GLVWLOODWLRQ�LV�XVHG�WR�H[WUDFW�RLOV�DQG�RWKHU�ELRDFWLYH�FRPSRXQGV�IURP�
SODQWV��,W�FDQ�EH�DSSOLHG�EHIRUH�GU\LQJ�D�SODQW�VDPSOH��7KHUH�DUH���NLQGV�RI�
hydro-distillation, such as, water distillation, water, and steam distillation 
>���@��7KH�SURFHVV�RI�K\GUR�GLVWLOODWLRQ�VWDUWV�ZLWK�SDFNLQJ�WKH�SODQW�VDPSOH�
LQ�D�VWLOO�FRPSDUWPHQW��7KHQ��ERLOLQJ�LV�SHUIRUPHG�ZLWK�DGHTXDWH�TXDQWLW\�RI�
ZDWHU��6WHDP�FDQ�EH�XVHG�DV�DQ�DOWHUQDWLYH�IRU�H[WUDFWLRQ��7KH�YDSRU�PL[WXUH�
RI�ZDWHU�DQG�RLO�LV�FRQGHQVHG�DQG�WKH�FRQGHQVHG�PL[WXUH�LV�VHQW�WR�D�VHSDUDWRU��
ZKHUH�WKH�ELRDFWLYH�FRPSRXQGV�DQG�RLO�DUH�VHSDUDWHG�IURP�WKH�ZDWHU�>�����
���@��+\GUR�GLVWLOODWLRQ� LQFOXGHV�SURFHVVHV�RI�K\GUR�GLIIXVLRQ��K\GURO\VLV��
DQG�KHDW�GHFRPSRVLWLRQ��6LQFH��WKLV�SURFHVV�LQYROYHV�DSSOLFDWLRQ�RI�KHDW��LW�
PD\�QRW�EH�VXLWDEOH�IRU�KHDW�ODELOH�FRPSRXQGV�>���@�

,Q�D�VWXG\�E\�'DV�HW�DO��>��@��IUHVK�����NJ�SHHOV�RI�Citrus reticulate were hydro 
GLVWLOOHG�IRU�WKUHH�KRXUV��ZKLFK�\LHOGHG�DERXW�������Y�Z�RI�YRODWLOH�RLO�>��@.

4.3.1.3 MACERATION

6WHSV� LQ� WKH� PDFHUDWLRQ� SURFHVV� WR� H[WUDFW� ELRDFWLYH� FRPSRXQGV� LQFOXGH��
JULQGLQJ�RI�UDZ�PDWHULDO��DQG�IROORZHG�E\�PL[LQJ�ZLWK�DSSURSULDWH�TXDQWLW\�
RI�WKH�VROYHQW��)LQDOO\��WKH�PL[WXUH�LV�SUHVVHG�DQG�WKH�VROLG�UHVLGXH�LV�VHSD-
UDWHG�IURP�VROYHQW�E\�ILOWUDWLRQ��7KH�VROYHQW�FDUULHV�WKH�H[WUDFWHG�ELRDFWLYH�
FRPSRXQGV�>���@�

7RWDO�H[WUDFWHG�SRO\SKHQRO� �73��ZDV������PJ�JDOOLF�DFLG�HTXLYDOHQW�J±� 
REWDLQHG� IURP� FKRNHEHUU\� �Aronia elanocarpa�� GULHG� IUXLWV� E\�PDFHUDWLRQ�
H[WUDFWLRQ�WHFKQLTXH��7KLV�YDOXH�ZDV�KLJKHU�FRPSDUHG�ZLWK�XOWUDVRQLF�DVVLVWHG�
H[WUDFWLRQ�>��@�
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4.3.2 EMERGING TECHNOLOGIES

&RQYHQWLRQDO�WHFKQRORJLHV�KDYH�VHYHUDO�GLVDGYDQWDJHV��VXFK�DV��KHDW�GHQD-
WXUDWLRQ�RI�KHDW�ODELOH�ELRDFWLYH�FRPSRXQGV��ORZ�HIILFLHQF\��ORQJHU�H[WUDFWLRQ�
SURFHVV�� HWF��1RYHO� DQG� HPHUJLQJ� WHFKQLTXHV� RYHUFRPH� WKH� OLPLWDWLRQV� RI�
WUDGLWLRQDO�WHFKQRORJLHV�>���@�

4.3.2.1 MICROWAVE-ASSISTED EXTRACTION

0$(�LV�D�µJUHHQ¶�WHFKQLTXH�EHFDXVH�LW�FXWV�GRZQ�WKH�XVH�RI�RUJDQLF�VROYHQWV�
>��@��7KH� HOHFWURPDJQHWLF� ILHOG� IRU�PLFURZDYHV� UDQJHV� IURP�����0+]� WR�
����*+]�LQ�WKH�H[WUDFWLRQ�SURFHVV��,W�FRQVLVWV�RI���SHUSHQGLFXODU�ILHOGV��L�H���
PDJQHWLF� ILHOG� DQG� HOHFWULF� ILHOG�� ,Q� WKLV� SURFHVV�� KHDWLQJ� HIIHFW� RI�PLFUR-
ZDYHV�RQ�SRODU�PDWHULDOV�LV�FRQVLGHUHG�>��@��0LFURZDYH�HQHUJ\�LV�FRQYHUWHG�
WR� KHDW� HQHUJ\� WKURXJK�GLSROH� URWDWLRQ� DQG� LRQLF� FRQGXFWLRQ� >��@��+HDW� LV�
JHQHUDWHG� GXH� WR� WKH� UHVLVWDQFH� RI� WKH�PHGLXP� WKURXJK� LRQLF� FRQGXFWLRQ��
ZKLOH�RWKHU�VLGH�LRQV�JHW�DOLJQHG�LQ�WKH�ILHOG¶V�GLUHFWLRQ�DQG�FKDQJH�GLUHF-
WLRQV� UDQGRPO\��7KLV� FUHDWHV� FROOLVLRQ� DPRQJ�PROHFXOHV��ZKLFK� JHQHUDWHV�
KHDW��'LIIHUHQW�VWHSV�IRU�0$(�IRU�D�VDPSOH�IURP�WKH�PDWUL[�DUH���D��VSOLWWLQJ�
RI�VROXWH�PROHFXOHV�IURP�VDPSOH�PDWUL[�RFFXUV�GXH�WR�LQFUHDVH�RI�SUHVVXUH�
DQG�WHPSHUDWXUH��DQG��E��VROYHQW�GLIIXVLRQ�LQWR�WKH�VDPSOH�PDWUL[�IROORZHG�
E\�UHOHDVH�RI�VROXWH�LQWR�VROYHQW�IURP�WKH�VDPSOH�>��@�

0$(� KDV� EHHQ� DSSOLHG� IRU� SHFWLQ� H[WUDFWLRQ� IURP� IUXLW� ULQG� ZDVWH� RI�
Citrullus lanatus. 7KH� KLJKHVW� SHFWLQ� \LHOG� IURP� ZDVWH�Citrullus lanatus 
IUXLW�ULQGV�ZDV��������ZKHQ�PLFURZDYH�SRZHU�����:�ZDV�DSSOLHG�IRU�����
V��'XULQJ�0$9�SURFHVV��S+��DQG�VROLG�OLTXLG�UDWLR�ZHUH������DQG��������J�
mL±���UHVSHFWLYHO\�>���@�

4.3.2.2 SUPERCRITICAL FLUID-EMPLOYED EXTRACTION

6XSHUFULWLFDO�IOXLG�H[WUDFWLRQ��6)(��LV�SHUIRUPHG�E\�DSSO\LQJ�WHPSHUDWXUH�
DQG�SUHVVXUH�WKDW�WUDQVIRUPV�WKH�JDV�LQ�WKH�VXSHUFULWLFDO�IOXLG�WR�D�SRLQW��
ZKHUH�WKH�JDV�DQG�OLTXLG�SKDVHV�FDQQRW�EH�GLVWLQJXLVKHG��7KH�H[WUDFWLRQ�LV�
IDVW��VHOHFWLYH�ZLWKRXW�DQ\�QHHG�RI�IXUWKHU�FOHDQLQJ�DQG�FDQ�EH�SHUIRUPHG�
ZLWK�VPDOO�VDPSOHV�>���@��,W�LV�D�PDVV�WUDQVIHU�RSHUDWLRQ��ZLWK�FRQYHFWLRQ�
RFFXUULQJ�EHWZHHQ� WKH� VROLG� VXUIDFH�DQG�ÀXLG�SKDVH� >���@��7KH� VWHSV� LQ�
WKH� SURFHVV� DUH�� �D�� VROXELOL]DWLRQ� RI� WKH� FRPSRXQGV�� ZKLFK� DUH� LQ� WKH�
VROLG�PDWUL[�DQG�VXEVHTXHQWO\��DQG�VHSDUDWLRQ�LQ�WKH�VXSHUFULWLFDO�VROYHQW��
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�E�� WKH� VROYHQW� SDVVHV� WKURXJK� WKH� SDFNHG� EHG� DQG� H[WUDFWV� VROXELOL]HG�
FRPSRXQGV�IURP�WKH�PDWUL[��DQG��F��VROYHQW�WKHQ�H[LWV�WKH�H[WUDFWRU�DQG�
E\�SUHVVXUH�UHGXFWLRQ�DQG�WHPSHUDWXUH�LQFUHDVH��LW�WUDQVIRUPV�WR�D�VROYHQW�
IUHH�H[WUDFW�>���@�

,Q� FRPSDULVRQ� WR� OLTXLG� VROYHQW� HPSOR\HG� LQ� FRQYHQWLRQDO� H[WUDFWLRQ�
SURFHVVHV��VXSHUFULWLFDO�ÀXLGV�DUH�FKDUDFWHUL]HG�ZLWK�ORZHU�YLVFRVLW\�DQG�FDQ�
VSUHDG�HDVLO\�LQ�WKH�VROLG�PDWUL[��/RZ�VXUIDFH�WHQVLRQ�DOORZV�IDVWHU�LQ¿OWUDWLRQ�
RI�WKH�VROYHQW�LQWR�WKH�VROLG��UHVXOWLQJ�LQ�LPSURYHG�H[WUDFWLRQ�H൶FLHQF\�>���@��
Supercritical extraction is primarily used to extract non-polar compounds, 
VXFK�DV��FDURWHQRLGV��DQG�OLSLGV��)RU�WKH�LVRODWLRQ�RI�ÀDYRQRLGV��PRGL¿HUV��
DQG�VROYHQWV��VXFK�DV��HWKDQRO��PHWKDQRO��ZDWHU��DQG�DFHWRQH��DUH�XVHG�>��@�

,Q�D�VWXG\�E\�2OLYHLUD�HW�DO��>���@��GL൵HUHQW�H[WUDFWLRQ�WHFKQLTXHV�ZHUH�
DGRSWHG�WR�HYDOXDWH�WKHLU�SHUIRUPDQFH��EDVHG�RQ�WRWDO�SKHQROLF�FRQWHQW�DQG�
DQWLR[LGDQW� DFWLYLW\�� 6HHGV� DQG� VHHG� FDNH� RI� 3DVVLRQ� IUXLW� ZHUH� XVHG� IRU�
LVRODWLRQ�RI�ELRPROHFXOHV��2XW�RI�ZKLFK��6)(�ZLWK�&22 (SC-CO2��DW����&�
DQG����&������EDUV�DQG�����EDUV�RI�SUHVVXUH�DQG�ÀXLG�YHORFLW\�����NJ&22h

±� 
R൵HUHG�WKH�VXSHULRU�UHVXOWV�>���@�

4.3.2.3 ULTRASOUND-ASSISTED EXTRACTION

8$(�SURFHVV�GHSHQGV�RQ�WKH�FDYLWDWLRQ��ZKLFK�FDXVHV�WKH�FUHDWLRQ��H[SDQ-
VLRQ��DQG�FROODSVH�RI�EXEEOHV��8OWUDVRXQG�FRPSULVHV�RI�VRXQG�ZDYHV�����N+]�
WR�����0+]��>��@��7KH�JHQHUDWHG�VKHDU�IRUFHV�DFFHOHUDWH�WKH�PDVV�WUDQVIHU�
WKURXJK� GLVWUDFWLRQ� RI� FHOO� ZDOO� RI� SODQWV�� OHDGLQJ� WR� HQKDQFHG� UHOHDVH� RI�
ELRDFWLYH�FRPSRXQGV�>���@��8OWUDVRXQG�LV�FRPSDUDWLYHO\�HDV\�WR�XVH��,W�KDV�
PRUH�YHUVDWLOLW\��IOH[LELOLW\��DQG�UHTXLUHV�ORZ�LQLWLDO�LQYHVWPHQW�FRPSDUHG�WR�
RWKHU�H[WUDFWLRQ�WHFKQLTXHV�>���@�

;X�HW�DO��UHSRUWHG�WKH�XVH�RI�8$(�RI�DQWLR[LGDQWV�IURP�Eucommia oliver 
SODQW�ZLWK�GLVWLOOHG�ZDWHU�DV�WKH�VROYHQW��8OWUDVRXQG�HQKDQFHG�WKH�H൶FLHQF\�
RI�H[WUDFWLRQ��SURYLGLQJ�VXSHULRU�\LHOGV�DQG�VHOHFWLYLW\�RI�DQWLR[LGDQWV�>���@�

4.3.2.4 PULSED ELECTRIC FIELD-DEPENDENT EXTRACTION

,Q�WKLV�WHFKQRORJ\��HOHFWULFDO�ILHOG�GLVUXSWV�FHOO�PHPEUDQH�RI�IRRG�E\�HOHF-
WURSRUDWLRQ�>���@��'XH�WR�GLVUXSWLRQV�RI�FHOO�PHPEUDQH�LQ�WLVVXHV��VROXWHV�DUH�
HDVLO\�H[WUDFWHG�IURP�WKH�FHOOV��(QHUJ\�LQSXW��HOHFWULF�ILHOG��DSSOLHG�WHPSHUD-
WXUH�� SURSHUWLHV� RI� IRRG�PDWHULDO� LQIOXHQFH� WKH� HIIHFWLYHQHVV� RI� WKH� SXOVHG�
HOHFWULF�ILHOG�EDVHG�LVRODWLRQ��3()(��RI�ELR�PROHFXOHV�>��@��$Q�HOHFWULF�ILHOG�
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RI�����9�FP�DQG������9�FP�DYRLGV�WHPSHUDWXUH�ULVH��ZLWK�PLQXWH�LPSDFW�RQ�
KHDW�GHJUDGDEOH�WLVVXH�FRPSRQHQWV�>��@�

3XOVHG�HOHFWULF�¿HOG�DSSOLHG�H[WUDFWLRQ�ZDV�XVHG�IRU�H[WUDFWLRQ�RI�DQWKR-
F\DQLQ�PRQRJOXFRVLGHV�IURP�JUDSH�E\�SURGXFWV�>��@�

4.3.2.5 ENZYME-ASSISTED EXTRACTION

(Q]\PDWLF�SUHWUHDWPHQW�LV�D�QRYHO�DQG�JUHHQ�PHWKRG�WR�H[WUDFW�FRPSRXQGV�
DQG�DPSOLI\�WKHLU�\LHOG�RI�H[WUDFWLRQ�>���@��(Q]\PH�DLGHG�H[WUDFWLRQ��($(��
GHSHQGV�RQ�FDSDFLW\�RI�HQ]\PHV�WR�EUHDN�GRZQ�WKH�FHOO�ZDOO�RI�SODQW�WLVVXH�
DQG�UHOHDVH�RI�ELRDFWLYH�FRPSRXQGV��7KHUH�DUH���PHWKRGV�IRU�HQ]\PH�DVVLVWHG�
H[WUDFWLRQ�� VXFK� DV�� HQ]\PH�DVVLVWHG� FROG� SUHVVLQJ� �($&3�� DQG� HQ]\PH�
DVVLVWHG�DTXHRXV�H[WUDFWLRQ��($$(��>��@��($$(�WHFKQLTXH�ZDV�RULJLQDOO\�
GHYHORSHG�IRU�H[WUDFWLRQ�RI�RLOV�IURP�SODQW�VHHGV�>���@��$Q�LQFUHDVHG�FRQWHQW�
RI�SKHQROLF�FRPSRXQGV�������±���������VXJDUV����±���J�/±�) was recorded 
LQ�HQ]\PH�DVVLVWHG�H[WUDFWLRQ�IURP�JUDSH�SRPDFH�DQG�FLWUXV�SHHO�>���@�

4.3.2.6 HIGH HYDROSTATIC PRESSURE

HHP disrupts hydrophobic bonds, salt bridges, causing protein denaturation. 
)XUWKHU�VROYHQW�FDQ�SHQHWUDWH�WKH�FHOOV�DQG�DGGLWLRQDO�FRPSRXQGV�FDQ�SHUPHDWH�
WKURXJK�WKH�FHOO�PHPEUDQH�WR�WKH�VROYHQW�>��@�

%ULRQHV�/DEDUFD�HW�DO��>��@�FRPSDUHG�WKH�H൵HFWLYHQHVV�RI�FRQYHQWLRQDO���
XOWUDVRXQG��� DQG� ++3�DSSOLHG� H[WUDFWLRQ� WHFKQLTXHV�� 7KH\� UHSRUWHG� WKDW�
HHP-applied extraction technique was superior than the other techniques 
IRU�H[WUDFWLRQ�RI�ELRDFWLYH�PROHFXOHV�IURP�SDSD\D��Vasconcellea pubescens) 
>��@�� *HRUJH� HW� DO�� UHSRUWHG� WKDW� ++3� OHDGV� WR� D� JUHDWHU� LQIXVLRQ� RI� WKH�
DQWKRF\DQLQV�IURP�DSSOH�LQ�FRPSDULVRQ�WR�LQIXVLRQ�DW�DWPRVSKHULF�SUHVVXUH��
7KH� KLJK�SUHVVXUH� WUHDWPHQW� HQVXHG� FHOO� SHUPHDELOL]DWLRQ�� ZKLFK� FDXVHG�
LQFUHDVHG�VROLG�PDVV�WUDQVIHU�>��@�

4.3.2.7 COMBINATION TECHNIQUES

5DSLG� DGYDQFHV� LQ� UHVHDUFK�� GHYHORSPHQW�� DQG� XSJUDGLQJ� RI� H[WUDFWLRQ�
PHWKRGV�DUH�SDYLQJ�JUHDW�DWWHQWLRQ��7R�LPSURYH�WKH�\LHOG�RI�ELR�PROHFXOHV�
DQG�HIILFLHQF\�RI�WHFKQRORJ\��8$(�FDQ�EH�FRPELQHG�ZLWK�RWKHU�H[WUDFWLRQ�
PHWKRGV��H[WUDFWLRQ�KHDW�UHIOX[��PLFURZDYH��DQG�VXSHUFULWLFDO�&22).
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<DQJ� DQG� :HL� >���@� UHSRUWHG� WKDW� FRPELQHG� KHDW� UHÀX[� H[WUDFWLRQ�
�FRQYHQWLRQDO� DQG� VROYHQW�� HWKDQRO�� DORQJ� ZLWK� 8$(�ZLWK� VSHFL¿F� RSHU-
DWLQJ�SDUDPHWHUV� ����N+]� IUHTXHQF\��SRZHU�RI�����:�DQG�DJLWDWLRQ��ZDV�
H൶FLHQW� WR� H[WUDFW� ELRDFWLYH� FRPSRXQGV� IURP Rabdosia rubescens. 7KH�
DXWKRUV� HVWDEOLVKHG� WKDW� DPDOJDPDWLRQ� RI� YDULRXV� H[WUDFWLRQ� WHFKQLTXHV�
VKDOO�GHFUHDVH�WKH�SURFHVVLQJ�WLPH�DQG�LPSURYH�WKH�H[WUDFWLRQ�RI�ELRDFWLYH�
molecules.

4.4 IDENTIFICATION AND CHARACTERIZATION OF DIFFERENT 
GROUPS OF BIOACTIVE COMPOUNDS

4.4.1 POLYPHENOLS

&RPSRXQGV�KDYLQJ�DURPDWLF�ULQJ�ZLWK�RQH�RU�PRUH�K\GUR[\O�JURXSV�LQ�WKH�
VWUXFWXUH� GHYHORS� VLPSOH� SKHQROLF� PROHFXOH� DQG� WKHLU� FRPSOH[� VWUXFWXUH�
GHYHORSV�KLJK�PROHFXODU�ZHLJKW�SRO\PHU��NQRZQ�DV�SRO\SKHQRO��7KHVH�DUH�
VHFRQGDU\� PHWDEROLWHV�� REWDLQHG� IURP� SHQWRVH� SKRVSKDWH�� VKLNLPDWH�� DQG�
SKHQ\OSURSDQRLG�SDWKZD\V�LQ�SODQWV�>���@�

3KHQROLF�FRPSRXQGV�FDQ�EH�FODVVL¿HG�DV��ÀDYRQRLGV��DQWKRF\DQLGLQV��
DQWKRF\DQLQV�� ÀDYRQHV�� ÀDYDQRQHV�� ÀDYRQROV�� ÀDYDQRQROV�� LVRÀDYRQHV��
ÀDYDQ���ROV��� WDQQQLV� �FRQGHQVHG� DQG� K\GURO\]DEOH��� VWLOEHQHV�� SKHQROLF�
DFLGV��EHQ]RLF�DQG�FLQQDPLF�DFLG�GHULYDWLYHV���DQG�OLJQDQV�>���@��3KHQROLF�
FRPSRXQGV� SURYLGH� WKH� FRORU� WR� GL൵HUHQW� IUXLWV� DQG� YHJHWDEOHV� >���@��
0DQ\�SKHQROLF�ELRDFWLYLWLHV� FRPSRXQGV�DUH� DFFRXQWDEOH� IRU� DQWLR[LGDQW��
DQWL�PXWDJHQLF�� DQWL�FDUFLQRJHQLF�� DQWL�LQÀDPPDWRU\�� DQG� DQWLPLFURELDO�
H൵HFWV��7KH\�DOVR�FRQWULEXWH�WR�FHOO�GHDWK�E\�DUUHVWLQJ�FHOO�F\FOH��DPHQGLQJ�
PHWDEROLVP� RI� FDUFLQRJHQ�� RQWRJHQHVLV� H[SUHVVLRQ�� DQG� FHOO� DGKHVLRQ��
PLJUDWLRQ��SUROLIHUDWLRQ��RU�GL൵HUHQWLDWLRQ�DQG�DOVR�EORFNLQJ�RI�VLJQDOLQJ�
SDWKZD\V�>��@�

6HSDUDWLRQ� DQG� TXDQWL¿FDWLRQ� RI� WKH� UHFRYHUHG� ELRDFWLYH� FRPSRXQGV�
with potential antioxidant properties were carried out using high-pressure 
OLTXLG� FKURPDWRJUDSK\� �+3/&�� DQG� KLJK� SUR¿FLHQW� WHFKQLTXHV�� VXFK� DV��
liquid chromatography-mass spectrometry (LC-MS), spectrophotometric 
PHWKRGV� >��@�� ,Q� JHQHUDO�� SKHQROLF� DFLGV� ZHUH� GHWHFWHG� DW� ���±���� QP��
ÀDYRQHV��DQG�ÀDYRQROV�DW����±����QP��DQWKRF\DQLQV�DW����±����QP�>���@��
0DWUL[�DVVLVWHG�ODVHU�GHVRUSWLRQ�LRQL]DWLRQ�WLPH�RI�ÀLJKW� �0$/',�72)��
WHFKQLTXHV� KDYH� DOVR� EHHQ� XVHG� WR� FKDUDFWHUL]H� SKHQROLF� FRPSRXQGV� LQ�
SRPHJUDQDWH�SHHO�>���@�

A
pp

le
 A

ca
de

m
ic

 P
re

ss

A
ut

ho
r C

op
y

Non Commercial Use



110 Plant-Based Functional Foods and Phytochemicals

6iQFKH]� HW� DO�� HPSOR\HG� OLTXLG� FKURPDWRJUDSK\� ZLWK� WDQGHP� PDVV�
VSHFWURPHWU\��/&�06�06��WR�LGHQWLI\����SKHQROLF�FRPSRXQGV�IURP�DSSOH�
SRPDFH��$PRQJ� WKHVH�� ��� FRPSRQHQWV�ZHUH�QRYHO� >���@��7KH� DGYDQWDJHV�
RI�06�06�WHFKQLTXH�ZHUH�H[FOXVLRQ�RI�LQWHUIHUHQFHV�DQG�YHUL¿FDWLRQ�RI�WKH�
VWUXFWXUHV�RI�GL൵HUHQW�FRPSRXQGV�SUHVHQW�LQ�DQ�H[WUDFW�>��@�

Deng et al. explored the phenolic contents, antioxidant capacities and their 
FRUUHODWLRQ�� IRU�ZDWHU�VROXEOH� DQG� IDW�VROXEOH� H[WUDFWV�RI���� IUXLW�UHVLGXHV��
LQFOXGLQJ�PDQJR��DSSOH��EDQDQD��EOXHEHUU\��SODQWDLQ��HWF��7KH�YDOXHV�RI�IHUULF�
UHGXFLQJ�DQWLR[LGDQW�SRZHU��)5$3���WUROR[�HTXLYDOHQW�DQWLR[LGDQW�FDSDFLW\�
�7($&��� DQG� WRWDO� SKHQROLF� FRQWHQW� IRU� SHHOV� DQG� VHHGV�ZHUH� KLJKHU� WKDQ�
WKRVH�LQ�SXOS��7KLV�LQGLFDWHV�WKDW�WKHVH�IUXLW�UHVLGXHV�FDQ�EH�XVHG�DW�ORZ�FRVW�
DQG�DUH�HDVLO\�DYDLODEOH�VRXUFHV�RI�ELRDFWLYH�FRPSRXQGV�>��@��$QWLPLFURELDO�
DFWLYLW\�RI�WKH�SRO\SKHQROV�FDQ�EH�GHWHUPLQHG�E\�PHDVXULQJ�WKH�PLQLPXP�
LQKLELWRU\� FRQFHQWUDWLRQ� �0,&�� WKURXJK� FRQYHQWLRQDO� GLVF� GL൵XVLRQ� WHVW�
against pathogenic bacteria and in-vitro DQWL�SUROLIHUDWLYH� DFWLYLW\� WHVW� RQ�
FDQFHU�FHOO� OLQHV� WKURXJK���������'LPHWK\OWKLD]RO���<O������GLSKHQ\O�WHWUD-
]ROLXP�EURPLGH��077��DVVD\�>��@�

1DUHQGHU�HW�DO��>���@�REVHUYHG�WKDW�SHHO�SRZGHU�RI�IHZ�IUXLWV��LQFOXGLQJ�
ZDWHUPHORQ�� PXVN� PHORQ� DQG� FLWUXV�� R൵HUV� DQWLPLFURELDO� DFWLYLW\� DJDLQVW�
Lactobacillus, Escherichia coli, Proteus vulgaris, Saccharomyces cerevisia, 
and Staphylococcus. aureus. 7KH�DXWKRUV�VXJJHVWHG�WKDW�WKH�EDFWHULFLGDO�DQG�
IXQJLFLGDO�DFWLRQV�RI�WKH�SHHOV�RI�WKH�IUXLWV�PLJKW�EH�GXH�WR�WKH�SUHVHQFH�RI�
DQWLR[LGDQWV� SUHVHQW� LQ� WKHP� >���@�� In vitro DQWL�SUROLIHUDWLYH� DFWLYLWLHV� E\�
077�DVVD\�RI�SXOSV��SHHOV��VHHGV�RI����IUXLWV��LQFOXGLQJ�EDQDQD��DSSOH��JUDSH�
IUXLW�ZHUH�HYDOXDWHG�RQ�FDQFHU�FHOO�OLQHV�RI�$�����KXPDQ�OXQJ�FDQFHU�FHOOV���
HepG2 (human hepatoma cells) MCF-7 (human breast cancer cells), and 
+7�����KXPDQ�FRORQ�FDQFHU�FHOOV���7KH�UHVXOWV�GRFXPHQWHG�WKDW�GL൵HUHQW�IUXLWV�
DQG�GL൵HUHQW�SDUWV�RI�HDFK�IUXLW�H[KLELWHG�GLYHUVH�DQWL�SUROLIHUDWLYH�FDSDFLWLHV��
PDLQO\�SRO\SKHQROV��$OO����IUXLWV�VKRZHG�QRWHZRUWK\�LQKLELWRU\�H൵HFWV�RQ�WKH�
IRXU�FDQFHU�FHOO�OLQHV�DQG�WKH�LQKLELWLRQ�ZDV�GRVH�GHSHQGHQW�>��@�

4.4.2 DIETARY FIBER

'LHWDU\� ILEHU�FDQ�EH�FODVVLILHG� LQWR�VROXEOH�GLHWDU\� ILEHUV� �VXFK�DV��SHFWLQ��
JXPV��DQG�LQVROXEOH�GLHWDU\�ILEHUV��VXFK�DV��KHPLFHOOXORVHV��FHOOXORVH��DQG�
OLJQLQ���)UXLW�ZDVWH�LV�H[FHOOHQW�VRXUFH�RI�ERWK�WKHVH�ILEHUV��'LHWDU\�ILEHU�LV�
DVVRFLDWHG�ZLWK�SODQW�FHOO�ZDOOV�DQG�WLVVXHV��7KHUHIRUH��LW�LV�PRVWO\�ORFDWHG�LQ�
SHHOV��VNLQV��SHULFDUSV��DQG�VWDONV�RI�WKH�IUXLW�>��@�
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,Q�KXPDQ��GLHWDU\�¿EHU�UHGXFHV�LQWHVWLQDO�WUDQVLW�WLPH�DQG�LQFUHDVHV�WKH�
IHFDO� EXON��7KH\� DOVR� LQGXFH� WKH�JURZWK�RI� FRORQLF�PLFUR�ÀRUD�� LQFOXGLQJ�
SURELRWLFV�� UHGXFLQJ� EORRG� FKROHVWHURO� OHYHO� DQG� SOXPPHWLQJ� LQVXOLQ�
UHVSRQVHV�>��@��'LHWDU\�¿EHU�LV�DOVR�XVHG�LQ�IRRG�SURFHVVLQJ�IRU�WKHLU�SRVLWLYH�
H൵HFW�RQ�IXQFWLRQDO�SURSHUWLHV��VXFK�DV��LQFUHDVHG�ZDWHU�KROGLQJ�FDSDFLW\��RLO�
KROGLQJ�FDSDFLW\��JHO�IRUPDWLRQ�DQG�HPXOVL¿FDWLRQ�>��@�

'LHWDU\�¿EHU� LQ� IUXLW�ZDVWHV� FDQ� EH�PHDVXUHG� E\� WKH� HQ]\PDWLF�JUDYL-
PHWULF�EDVHG�PHWKRG�� VXFK� DV��$VVRFLDWLRQ�RI�2൶FLDO�$JULFXOWXUDO�&KHP-
LVWV� �$2$&�� 3URVN\�PHWKRG� �$2$&�PHWKRG� �������� >�@��7KH� SURFHGXUH�
LQYROYHV�EUHDNGRZQ�DQG�UHPRYDO�RI�VWDUFK�DQG�SURWHLQ�E\�WUHDWLQJ�WKH�VDPSOH�
ZLWK�VWDUFK�DQG�SURWHLQ�GHJUDGLQJ�HQ]\PHV��Į�DP\ODVH��SURWHDVH��DQG�DP\OR-
JOXFRVLGDVH���IROORZHG�E\�DOFRKRO�SUHFLSLWDWLRQ��¿OWUDWLRQ��DQG�ZHLJKLQJ�RI�
GLHWDU\�¿EHU��3URWHLQ�DQG�DVK�UHVLGXH�FRUUHFWLRQ�LV�DOVR�FRQVLGHUHG�WR�DYRLG�
RYHUHVWLPDWLRQ�RI�GLHWDU\�¿EHU�>���@�

&KHQ�ZLWK�FR�ZRUNHUV�>������@�LQYHVWLJDWHG�WKH�ZDWHU�KROGLQJ�FDSDFLW\�
RI�DSSOH�SRPDFH�¿EHU�DQG� WKHLU�H൵HFWV�RQ�VRPH�IRRG�SURGXFWV��7KH�VWXG\�
FRQFOXGHG�WKDW�DGGLWLRQ�RI�DSSOH�¿EHU�GLPLQLVKHG�WKH�ORDI�YROXPH�LQ�EUHDG��
VSUHDGLQJ�LQ�WKH�FRRNLHV�DQG�LQFUHDVHG�WKH�GHQVLW\�RI�PX൶Q�

4.4.3 ENZYMES

%RWK� VROLG�VWDWH� IHUPHQWDWLRQ� �66)�� DQG� VXEPHUJHG� IHUPHQWDWLRQ� KDYH�
EHHQ� HPSOR\HG� IRU� SURGXFWLRQ�RI� FRPPHUFLDOO\� LPSRUWDQW� DP\ODVHV�XVLQJ�
PLFURRUJDQLVPV�PRVWO\� IXQJL�XVLQJ� VROLG� IUXLW�ZDVWH� UHVLGXHV��Aspergillus 
niger, Bacillus subtilis and Rhizopus oryzae are most commonly used 
PLFURRUJDQLVPV��$P\ODVHV�DUH�XVHG�LQ�IRRG�LQGXVWULHV�IRU�GLYHUVH�SURGXFWV��
LQFOXGLQJ�IUXLW�MXLFHV��V\UXSV��FDNHV��DQG�LQ�EUHZLQJ��EDNLQJ��SUHSDUDWLRQ�RI�
GLJHVWLYH��HWF���>��@��([DPSOHV�LQFOXGH�LQYHUWDVH�SURGXFWLRQ�XQGHU�RSWLPL]HG�
FRQGLWLRQV��WHPSHUDWXUH����&��LQFXEDWLRQ�WLPH���GD\V��LQRFXOXP�VL]H�����S+�
5) by $VSHUJLOOXV�ÀDYXV�IHUPHQWLQJ�IUXLW�SHHO�ZDVWH�>���@�

,QYHUWDVH� KDV� ORZHU� FU\VWDOOLQLW\� OHYHO� WKDQ� VXFURVH�� ZKLFK� KHOSV� LQ�
NHHSLQJ�SURGXFWV�VRIW�DQG�IUHVK�IRU�ORQJ�WLPH�>��@��5HGG\�HW�DO��>���@�VWXGLHG�
EDQDQD� ZDVWH� DV� IHUPHQWDWLRQ� VXEVWUDWH� IRU� Aspergillus niger to produce 
FHOOXODVH�>���@��2NDIRU�HW�DO�� >���@� LQYHVWLJDWHG�SURGXFWLRQ�RI�SHFWLQRO\WLF�
HQ]\PHV�XVLQJ�Penicillium chrysogenum and Aspergillus niger. Penicillium 
chrysogenum SURGXFHG�SHFWLQDVH�DW�D�OHYHO�RI�������,8�PJ�SURWHLQ±� when 
pineapple peel was used as a substrate.
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4.4.4 PROTEIN

3URWHLQ�GH¿FLHQF\�PD\�OHDG�WR�VHYHUDO�DEQRUPDO�VLWXDWLRQV�IRU�WKH�GHYHORSPHQW�
RI�ERG\�DQG�ELRFKHPLFDO�IXQFWLRQV��7KH�QRQ�HGLEOH�UHVLGXHV�RI�PDQ\�IUXLWV�DQG�
YHJHWDEOHV�DUH�JRRG�DOWHUQDWLYH�VRXUFHV�RI�SURWHLQV��3URWHLQ�FRQWHQW�LQ�DSSOH�
pomace, mosambi peel, mango peel, pineapple peel, banana peel and orange 
SHHO�ZDV������J������J������J������J�������J�DQG������J��UHVSHFWLYHO\�>���@�

6XUDEKL�>���@�DSSOLHG�WZR�VHSDUDWH�SURWHLQ�H[WUDFWLRQ�SURFHVVHV�WR�LVRODWH�
SURWHLQV�IURP�EDQDQD��FY��Grand Naine��IUXLW�SHHO�DQG�SXOS�WLVVXHV��0DQL\DQ�
HW�DO��UHSRUWHG�WKDW�DFFRUGLQJ�WR�)ROLQ�/RZU\¶V�PHWKRG��SURWHLQ�FRQFHQWUDWLRQ�
LQ�PXVN�PHORQ��SDVVLRQ�IUXLW��VDSRWD��PDQJR��JUDSH��DQG�JXDYD�ZDV�����PJ�
mL±�, 1.33 mg mL±�, 1.06 mg mL±�, 1.06 mg mL±�, 0.16 mg mL±� and 0.19 
mg mL±���UHVSHFWLYHO\�>���@�

4.4.5 FLAVOR

)ODYRUV� DQG� DURPDV� FDQ� EH� H[WUDFWHG� IURP� IUXLW� ZDVWHV�� ,Q� 66)�� PDQ\�
)ODYRULQJ� FRPSRXQGV� ZHUH� H[WUDFWHG� WKURXJK� PLFURELDO� ELRWUDQVIRUPD-
WLRQ�SURFHVV� >���@��7KH�SLQHDSSOH�ÀDYRU�FRPSRQHQW�³HWK\O�EXW\UDWH´�ZDV�
SURGXFHG� XVLQJ� IHUPHQWDWLRQ� E\� &HUDWRF\VWLV� ¿PEULDWD� using an apple 
SRPDFH�DV�D�VXEVWUDWH�>���@�

4.5 SUMMARY

7KLV� FKDSWHU� KLJKOLJKWV� GLIIHUHQW� ELRDFWLYH� FRPSRXQGV� IURP� IUXLW� ZDVWHV��
([WUDFWLRQ� WHFKQLTXHV� KDYH� EHHQ� GHVFULEHG� LQ� D� FRPSUHKHQVLYH�ZD\�ZLWK�
VXLWDEOH�H[DPSOHV��7KH�OLPLWDWLRQV�RI�FRQYHQWLRQDO�H[WUDFWLRQ�PHWKRGV�DUH��
SURORQJHG� H[WUDFWLRQ� WLPH�� QHFHVVLW\� RI� ELRFRPSDWLEOH� VROYHQW� ZLWK� KLJK�
FRVW�DQG�SXULW\��ORZ�H[WUDFWLRQ�VHOHFWLYLW\��UHTXLUHPHQW�RI�HYDSRUDWLRQ�RI�WKH�
EXON�DPRXQW�RI�VROYHQW��DQG�FKDQFHV�RI�WKHUPDO�DQG�FKHPLFDO�GHFRPSRVLWLRQ�
RI� WKH�ELRDFWLYH�FRPSRXQGV��7R�RYHUFRPH� WKHVH� OLPLWDWLRQV�� WKH�HPHUJLQJ�
PHWKRGRORJLHV�KDYH�EHHQ�XVHG��,QVWHDG�RI�GLUHFW�GLVSRVDO�RI�WKH�IUXLW�ZDVWHV�
LQWR� HQYLURQPHQW� RU� LWV� ORZ�FRVW� XVHV�� VXFK� DV� SURGXFWLRQ� RI� ELRIHUWLOL]HU�
DQG�ELRJDV��SURGXFWLRQ�RI�ELRDFWLYH�FRPSRXQGV� IURP�IUXLW�ZDVWHV�PD\�EH�
FRQVLGHUHG�DV�D�KDOOPDUN�LQ�WKH�FRQWH[W�RI�ZDVWH�YDORUL]DWLRQ��)XUWKHUPRUH��
LW� LV� H[SHFWHG� WKDW� SURGXFWLRQ� RI� ELRPROHFXOHV� IURP� IUXLW� ZDVWHV� WKURXJK�
HQYLURQPHQWDO�EHQLJQ� SURFHVV� ZLOO� UHGXFH� WKH� EXUGHQ� RI� HQYLURQPHQWDO�
SROOXWLRQ��DQG�HFRQRPLF�GLOHPPD�LQ�IRRG�DQG�ELRSKDUPDFHXWLFDO�LQGXVWULHV�
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IDENTIFICATION OF BOTANICAL 
AND GEOGRAPHICAL ORIGINS OF 
HONEY-BASED ON POLYPHENOLS

ZSANETT BODOR, CSILLA BENEDEK, ZOLTAN KOVACS, and  
JOHN-LEWIS ZINIA ZAUKUU

CHAPTER 5

ABSTRACT

+RQH\� LV� SURGXFHG� E\� GLIIHUHQW� VSHFLHV� RI� EHHV� �PRVW� FRPPRQO\� Apis 
mellifera��IURP�QHFWDU��IURP�VHFUHWLRQV�RI�SODQWV��RU�VHFUHWLRQV�RI�VDS�VXFNLQJ�
insects attacking the plants. Its chemical composition includes mainly 
GLIIHUHQW� W\SHV� RI� VXJDUV� DQG�PRLVWXUH�� KRZHYHU�� VRPH� RWKHU� QXWULWLRQDOO\�
DFWLYH� FRPSRQHQWV�� VXFK� DV� YLWDPLQV�� PLQHUDOV�� HQ]\PHV�� RUJDQLF� DFLGV��
SKHQROLF�FRPSRQHQWV��SKHQROLF�DFLGV��DQG�IODYRQRLGV��DUH�DOVR�SUHVHQW��7KH�
FRPSRVLWLRQ�DQG�WKXV�KHDOWK�SURPRWLQJ�SURSHUWLHV�RI�KRQH\�GHSHQG�PDLQO\�
RQ�LWV�ERWDQLFDO�VRXUFH�DQG�JHRJUDSKLFDO�RULJLQ��7KHUHIRUH��WKH�GHWHUPLQDWLRQ�
RI� KRQH\� RULJLQ� LV� D� FUXFLDO� WDVN� IRU� IRRG� VDIHW\� DXWKRULWLHV�� PHGLFDO�
SUDFWLWLRQHUV��DQG�WKH�VFLHQWLILF�FRPPXQLW\��1XPHURXV�W\SHV�RI�PHWKRGV�DUH�
HPSOR\HG�WR�GHWHUPLQH�WKH�RULJLQ�RI�KRQH\��'HWHUPLQDWLRQ�RI�IORUDO�PDUNHUV�
�VXFK� DV�� SKHQROLF� FRPSRXQGV�LV� D� XVHIXO� WHFKQLTXH�� ,Q� OLWHUDWXUH�� VHYHUDO�
PDUNHUV�KDYH�EHHQ�VXJJHVWHG�WR�DVVHVV�WKH�RULJLQ�RI�KRQH\��H�J���KHVSHUHWLQ�LQ�
FLWUXV�KRQH\��HOODJLF�DFLG�LQ�KHDWKHU�KRQH\��HWF��'HWHUPLQDWLRQ�RI�DQWLR[LGDQW�
FDSDFLW\�� LGHQWLILFDWLRQ�� DQG� TXDQWLILFDWLRQ� RI� D� YDULHW\� RI� WKH� SKHQROLF�
FRPSRQHQWV�LQ�KRQH\�KDV�EHHQ�UHSRUWHG�WR�KHOS�LQ�WKH�LGHQWLILFDWLRQ�RI�WKH�
ERWDQLFDO�DQG�JHRJUDSKLFDO�RULJLQV�RI�KRQH\�

5.1 INTRODUCTION

Honey has been used as a sweetener and a medical natural product since 
DQFLHQW�WLPHV��6HYHUDO�DUFKHRORJLFDO�SURRIV�DUH�DYDLODEOH�IRU�WKH�H[LVWHQFH�RI�
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EHHNHHSLQJ�SUDFWLFHV�DQG�WKH�XVH�RI�KRQH\V��5RFN�SDLQWLQJV�IURP�WKH�0HVR-
OLWKLF�FXOWXUHV�UHSUHVHQW�KXQWLQJ�DFWLYLWLHV�RI�KRQH\��7KH�DQFLHQW�(J\SWLDQV�XVHG�
KRQH\�DV�D�PHGLFLQH�DQG�D�VSHFLDO�SURGXFW�IRU�HPEDOPLQJ�PXPPLHV��%LEOLFDO�
UHIHUHQFHV�DUH�DOVR�DYDLODEOH�DERXW�WKH�XVH�RI�KRQH\�DQG�KRQH\�ZDV�XVHG�DV�D�
PHGLFDO�SURGXFW�GXULQJ�WKH�PHGLHYDO�WLPHV�DQG�LQ�WKH���th�FHQWXU\�>��@�

7KH�DSSOLFDWLRQ�RI�KRQH\�LV�YHU\�GLYHUVH�DURXQG�WKH�JOREH��LW�LV�XVHG�LQ�WKH�
WUDGLWLRQDO�&KLQHVH�PHGLFLQH��$\XUYHGD�PHGLFLQH��DQG�DOVR�LQ�DSLWKHUDS\�>����
��@��+RQH\�LV�D�FRPSOH[�IRRG�PDWUL[��FRQWDLQLQJ�PRUH�WKDQ����GL൵HUHQW�W\SHV�
RI� VXJDU��ZDWHU� �DURXQG� ������ SURWHLQV��PLQHUDOV�� YLWDPLQV�� RUJDQLF� DFLGV��
HQ]\PHV��DQG�ELRORJLFDOO\�DFWLYH�FRPSRQHQWV�>��@��$V�DQ�H[FHSWLRQDO�QDWXUDO�
SURGXFW��KRQH\�FRQWDLQV�D�YDULHW\�RI�SKHQROLF�FRPSRXQGV�UHSUHVHQWLQJ�LWV�NH\�
SK\WRFKHPLFDOV��7KLV�SK\WRFKHPLFDO�DFWV�DV�DQ�LPSRUWDQW�TXDOLW\�SDUDPHWHU�
DQG�DFFRXQW�IRU�WKH�FRORU��VHQVRU\�SUR¿OH�DQG�DQWLR[LGDQW�DFWLYLW\�RI�KRQH\��
7RWDO� SKHQROLF� FRQWHQW� RI� KRQH\� LV� D� IXQFWLRQ� RI� LWV� ERWDQLFDO� VRXUFH� DQG�
JHRJUDSKLFDO�RULJLQ��LWV�DPRXQW�YDU\LQJ�IURP����WR�����ȝJJ±���+RQH\V�IURP�
GL൵HUHQW�ÀRUDO�W\SHV�DUH�VLJQL¿FDQWO\�GL൵HUHQW�LQ�WKHLU�FKHPLFDO�FRPSRVLWLRQ�
DQG�SKHQROLF�SUR¿OH��'DUNHU�KRQH\V�DUH�FRQVLGHUHG�WR�KDYH�KLJKHU�DPRXQWV�RI�
ÀDYRQRLG�FRPSRQHQWV�DQG�OHVV�SKHQROLF�DFLG�GHULYDWLYHV�WKDQ�WKH�OLJKWHU�RQHV�

3UHVHQFH� RI� SRO\SKHQROV�� HVSHFLDOO\� ÀDYRQRLGV� LQ� KRQH\�� R൵HUV� PDQ\�
KHDOWK� EHQH¿WV�� 7KHVH� DOVR� DFW� DV� D� UHOHYDQW� PDUNHU� LQ� LGHQWL¿FDWLRQ� RI�
WKH�ERWDQLFDO�DQG�HYHQWXDOO\� WKH�JHRJUDSKLFDO�RULJLQ�RI�KRQH\�� ,Q�RUGHU� WR�
H[SORUH�WKH�WKHUDSHXWLF�YDOXH�RI�KRQH\��LW�LV�KLJKO\�GHVLUDEOH�WR�KDYH�D�GHHS�
NQRZOHGJH�RQ�WKH�DPRXQW�DQG�FRPSRVLWLRQ�RI�SKHQROLF�FRPSRXQGV�LQ�KRQH\�
>��@��,W�LV�DOVR�NQRZQ�WKDW�WKH�ERWDQLFDO�DQG�JHRJUDSKLFDO�RULJLQ�RI�KRQH\�KDV�
DQ�LPSRUWDQW�UROH�LQ�LWV�PHGLFLQDO�XVH��0DQXND�KRQH\V�IRU�H[DPSOH�DUH�ZHOO�
NQRZQ�IRU�WKHLU�H[FHSWLRQDO�DQWLPLFURELDO�DFWLYLW\��OLQGHQ�KRQH\V�DUH�XVXDOO\�
XVHG� LQ� FRXJK��ÀX�� DQG� VLQXVLWLV��ZKLOH� FKHVWQXW�KRQH\V� DUH� FRQVLGHUHG� WR�
KDYH�H൵HFW�RQ�EORRG�FLUFXODWLRQ��HWF��>��@�

7KLV�FKDSWHU�JLYHV�DQ�RYHUYLHZ�RQ�PDLQ�SK\WRFKHPLFDOV��SKHQROLF�DFLGV�
DQG�ÀDYRQRLGV�FRPSRQHQWV�LQ�KRQH\�EDVHG�RQ�WKH�GL൵HUHQW�ERWDQLFDO�RULJLQV��
Chapter also discusses geographical origin, which has a direct impact on 
SKHQROLF�FRPSRXQGV��DQG�WKXV�WKH�WKHUDSHXWLF�YDOXH�RI�KRQH\�

5.2 CLASSIFICATION OF POLYPHENOLS

5.2.1 FLAVONOIDS

Honey contains about 6 mgkg±�� RI� IODYRQRLGV�� DQG� WKLV�YDOXH� LV�KLJKHU� LQ�
SROOHQ��������DQG�HYHQ�KLJKHU�LQ�SURSROLV��XS�WR������>�@��)ODYRQRLGV�DUH�
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Identification of Botanical and Geographical Origins 127

SUHVHQW�PDLQO\�LQ�WKH�DJO\FRQH�IRUP�LQ�ERWK�SURSROLV�DQG�KRQH\��DQG�KDYH�EHHQ�
LGHQWLILHG�DV�IODYDQRQHV��IODYRQRQHV��DQG�IODYDQROV��7KH�IODYRQRLG�IDPLO\�LV�
FKDUDFWHUL]HG�E\�WKH�JHQHULF�SUHVHQFH�RI�DQ��������RU���SKHQ\O�����EHQ]RS\-
URQH��7KH\�DUH�IXUWKHU�FODVVLILHG�LQ�QXPEHU�RI�VXEIDPLOLHV��GHSHQGLQJ�RQ�WKH�
R[LGDWLRQ�VWDWH�RI�WKH�FDUERQ�DWRPV�DQG�WKH�VXEVWLWXWLRQ�RI�WKH�EHQ]RS\URQH�
ULQJ�>��@��9DULHW\�RI�SRO\SKHQROV�LQ�GLIIHUHQW�KRQH\�VRXUFHV�ZHUH�FRPSLOHG�
DQG�VXJJHVWHG�DV�PDUNHUV�RI�RULJLQ�E\�*DVLF�HW�DO��>��@��0DQ\�RWKHU�DXWKRUV�
DOVR�VXJJHVW� VHOHFWHG�SKHQROLFV�DV�XVHIXO� LQGLFDWRUV�RI�KRQH\V�RI�GLIIHUHQW�
RULJLQV��3RWHQWLDO�PDUNHU�FRPSRXQGV�LQ�WKH�OLWHUDWXUH�DUH�VKRZQ�LQ�7DEOH�����
LQ�EROG�DQG�LWDOLFV��,PSRUWDQW�IODYRQRLG�FRPSRXQGV�LGHQWLILHG�LQ�KRQH\�DORQJ�
ZLWK�WKHLU�ERWDQLFDO�VRXUFHV�DUH�LQGLFDWHG�LQ�7DEOH������&RPPRQ�IODYRQRLG�
FRPSRQHQWV��VXFK�DV��TXHUFHWLQ��SLQRFHPEULQ��SLQREDQVNLQ��FUK\VLQ��NDHPS-
IHURO��DQG�DSLJHQLQ��DUH�SUHVHQW� LQ�GLIIHUHQW� W\SHV�RI�KRQH\V��2Q�WKH�RWKHU�
KDQG��VRPH�IODYRQRLGV�OLNH�QDULQJHQLQ�DQG�KHVSHUHWLQ�DUH�VSHFLILF�DQG�ZHUH�
PDLQO\�GHWHFWHG�LQ�ZHOO�GHILQHG�KRQH\�W\SHV��H�J���FLWUXV���6RPH�FRPSRQHQWV�
like tricetin, acacetin, ellagic acid, catechin, and epicatechin were reported 
RQO\�LQ�IHZ�FDVHV�

TABLE 5.1 0DMRU�)ODYRQRLGV�LQ�+RQH\�DQG�7KHLU�%RWDQLFDO�2FFXUUHQFH

Flavonoid 
Subclass and 
Structure

Flavonoid Type 
and Structure

Botanical Source and References

)ODYRQHV Chrysin Acacia (Robinia pseudoacacia��>����������@
Chestnut (Castanea sativa) >��@
Citrus (Citrus spp.) >������������������@
Buckwheat (Fagopyrum esculentum 0RHQFK��>��@
Eucalyptus (Myrtaceae Eucalyptus VS���>������@
Fir (Abies alba�0LOO���>������@
Gelam (Melaleuca cajuputi) >��@
Heather (Erica spp.) >������@
+RQH\GHZ�>��������������@
Linden (Tilia spp.) >������@
Lotus (Fabaceae Lotus�VS���>��@
Manuka (Leptospermum scoparium) >�������������@
Pine (Pinus L.) >��@
Rosemary (Rosmarinus officinalis /���>������@
Sage (Salvia officinalis /���>��@
Spruce (Picea abies��/���.DUVW��>��@
6XQIORZHU��Helianthus annuus L.��>���������@
7K\PH��Thymus /���>��@
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Flavonoid 
Subclass and 
Structure

Flavonoid Type 
and Structure

Botanical Source and References

Luteolin Acacia (Robinia pseudoacacia��>��������������@
Australian jelly bush (Leptospermum 
polygalifolium) >��@
Azadirachta indica >��@
Chestnut (Castanea sativa��>��@
Citrus (Citrus�VSS���>����������@
Eucalyptus (Myrtaceae eucalyptus sp., Eucaliptus 
pilligaensis)�>��������������@
Fir (Abies alba�0LOO���>��@
+RQH\GHZ�>������@
Lavender (Lavandula spp���>�����@
Linden (Tilia�VSS���>������@
Litchi (Litchi chinensis) >��@
Lotus (Fabaceae Lotus�VS���>������@
Manuka (Leptospermum scoparium) >����������@
Sage (Salvia officinalis /���>��@
Spruce (Picea abies��/���.DUVW��>��@
6XQIORZHU��Helianthus annuus L.��>��@
Thyme (Thymus L.) >������@
7XDODQJ��Koompassia excels��>�����@

Tricetin Eucalyptus (Myrtaceae Eucalyptus sp.,  
Eucaliptus camaldulensis��>������@
Heather (Erica spp.) >�����@

Apigenin Acacia (Robinia Pseudoacacia)  
�>������������������@
Astralagus spp. >��@
Chaste tree (Vitexagnus-castus) >��@
Chestnut (Castanea sativa��>������@
Citrus (Citrus�VSS���>��@
Eucalyptus (Myrtaceae Eucalyptus VS���>��@
Fir (Abies alba�0LOO���>��@
+RQH\GHZ�>��@

TABLE 5.1  (Continued)
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Flavonoid 
Subclass and 
Structure

Flavonoid Type 
and Structure

Botanical Source and References

Linden (TiliaVSS��>������@
Lotus (Fabaceae Lotus�VS���>��@
Manuka (Leptospermum scoparium) >�@
Rhododendron (Rhododendron spp.) >��@
Sage (Salvia officinalis /���>��@
Spruce (Picea abies��/���.DUVW��>��@
7K\PH��Thymus L.) >��@
7XDODQJ��Koompassia excels��>�����@

)ODYRQROV Galangin Acacia (Robinia Pseudoacacia) >��������������@
Buckwheat (Fagopyrum esculentum 0RHQFK��>��@
Chestnut (Castanea sativa��>��@
Citrus (Citrus�VSS���>����������@
Eucalyptus (Myrtaceae Eucalyptus VS���>��@
Fir (Abies alba�0LOO���>��@
Heather (Erica spp.) >��@
+RQH\GHZ�>����������@
Linden (Tilia�VSS���>����������@
Lotus (Fabaceae Lotus�VS���>��@
Manuka (Leptospermum scoparium) >������@
Rosemary (Rosmarinus officinalis /���>�����@
Sage (Salvia officinalis /���>��@
6XQIORZHU��Helianthus annuus L.��>�����@

Kaempferol Acacia (Robinia pseudoacacia)  
�>����������������������@
Buckwheat (Fagopyrum esculentum 0RHQFK��>��@
Chestnut (Castanea sativa��>��@
Citrus (Citrus�VSS���>������������������@
Diplotaxis tenuifolia >��@
Eucalyptus (Myrtaceae Eucalyptus VS���>������@
Fir (Abies alba�0LOO���>������@
Ginger (Zingiber officinale��>��@
Heather (Erica spp.) >��@
+RQH\GHZ�>����������@
Linden (Tilia�VSS���>����������@
Litchi (Litchi chinensis) >��@

TABLE 5.1  (Continued)
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Flavonoid 
Subclass and 
Structure

Flavonoid Type 
and Structure

Botanical Source and References

Lotus (Fabaceae Lotus�VS���>��@
Manuka (Leptospermum scoparium) >������@
Pine (Pinus L.) >������@
Rhododendron (Rhododendron spp.) >��@
Rosemary (Rosmarinus officinalis /���>����������@
Sage (Salvia officinalis /���>��@
6SUXFH��3LFHD�DELHV��/���.DUVW��>��@
Strawberry tree (Arbutus undedo L.) >��@
6XQIORZHU��Helianthus annuus L.��>������@
7K\PH��Thymus L.) >��@
7XDODQJ��Koompassia excels��>��@

8-Methoxy-
NDHPSIHURO

Manuka (Leptospermum scoparium) >��@
Rosemary (Rosmarinus officinalis /���>���������@

Myricetin Acacia (Robinia Pseudoacacia) >������@
Azadirachta indica >��@
Buckwheat (Fagopyrum esculentum Moench)  
�>������@
Chestnut (Castanea sativa��>��@
Citrus (Citrus�VSS���>��@
Eucalyptus (Myrtaceae Eucalyptus sp.)  
�>����������@
Fir (Abies alba�0LOO���>������@
Gelam (Melaleuca cajuputi) >��@
Heather (Erica spp.) >����������@
+RQH\GHZ�>����������@
Linden (Tilia�VSS���>��@
Lotus (Fabaceae Lotus�VS���>��@
Pine (Pinus L.) >��@
6SUXFH��3LFHD�DELHV��/���.DUVW��>��@
6XQIORZHU��Helianthus annuus L.��>��@
7K\PH��Thymus L.) >����������@

TABLE 5.1  (Continued)
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Flavonoid 
Subclass and 
Structure

Flavonoid Type 
and Structure

Botanical Source and References

Myricetin-3-
methylether

Australian jelly bush (Leptospermum 
polygalifolium) >��@
Heather (Erica spp.) >�����@
Manuka (Leptospermum scoparium) >��@

Myricetin-3O-
methylether

Quercetin Acacia (Robinia pseudoacacia)  
�>������������������@
Australian jelly bush (Leptospermum 
polygalifolium) >��@
Azadirachta indica >��@
Chestnut (Castanea sativa��>������@
Citrus (Citrus�VSS���>��������������@
&ORYHU��Triflolium spp���>��@
Diplotaxistenuifolia >��@
Eucalyptus (Myrtaceae Eucalyptus sp.)  
�>������������������@
Fir (Abies alba�0LOO���>������@
+RQH\GHZ�>��������������@
Gelam (Melaleuca cajuputi) >��@
Ginger (Zingiber officinale��>��@
Heather (Erica spp.) >��@
-DSDQHVH�JUDSH�(Hovenia dulcis) >��@
Linden (Tilia�VSS���>����������@
Lotus (Fabaceae Lotus�VS���>������@
Manuka (Leptospermum scoparium)  
�>��������������@
Mastic (Schinus terebinthifolius��>��@
Pine (Pinus L.) >������@
4XLWRFR��Pluchea sagittalis��>��@
Rhododendron (Rhododendron spp.) >��@

TABLE 5.1  (Continued)
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Flavonoid 
Subclass and 
Structure

Flavonoid Type 
and Structure

Botanical Source and References

Rosemary (Rosmarinus officinalis /���>��@
Sage (Salvia officinalis /���>��@
Spruce (Picea abies��/���.DUVW��>��@
Sunflower (Helianthus annuus L.��>��������������@
7K\PH��Thymus L.) >��@
7XDODQJ��Koompassia excels��>��@

Isorhamnetin Acacia (Robinia Pseudoacacia) >������@
Azadirachta indica >��@
Citrus (Citrus�VSS���>��@
Diplotaxis tenuifolia >��@
Eucalyptus (Myrtaceae Eucalyptus VS���>������@
+RQH\GHZ�>��@
Linden (Tilia�VSS���>��@
Lotus (Fabaceae Lotus�VS���>��@
Manuka (Leptospermum scoparium) >������@
6XQIORZHU��Helianthus annuus L.��>��@

,VRIODYRQHV Genistein Acacia (Robinia Pseudoacacia) >��@
&ORYHU��Triflolium spp���>��@
&HGUXV�>��@

Anthocyanidins ² Acacia gerardii >�@
Acacia tortilis >�@
Manuka (Leptospermum scoparium) >�@
7XDODQJ�(Koompassia excels��>�@

)ODYDQRQHV Hesperetin Citrus (Citrus spp.) >���������������������@
Eucalyptus (Myrtaceae Eucalyptus VS���>��@
Gelam (Melaleuca cajuputi) >������@
Lotus (Fabaceae Lotus�VS���>��@

TABLE 5.1  (Continued)
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Flavonoid 
Subclass and 
Structure

Flavonoid Type 
and Structure

Botanical Source and References

Pinocembrin Acacia (Robinia pseudoacacia��>��������������@
Chestnut (Castanea sativa��>��@
Citrus (Citrus�VSS���>��@
Eucalyptus (Myrtaceae Eucalyptus VS���>����������@
Fir (Abies alba�0LOO���>��@
+RQH\GHZ�>��������������@
Kamahi (Weinmannia racemose) >��@
Leatherwood (Eucryphia lucida��>��@
Linden (Tilia�VSS���>������@
Lotus (Fabaceae Lotus�VS���>��@
Manuka (Leptospermum scoparium) >�������������@
Rosemary (Rosmarinus officinalis /���>�������������@
6SUXFH��3LFHD�DELHV��/���.DUVW��>��@
Strawberry tree (Arbutus undedo L.) >��@
6XQIORZHU��Helianthus annuus L.��>�����@

Naringenin Citrus (Citrus�VSS���>����������@
Fir (Abies alba�0LOO���>��@
+RQH\GHZ�>����������@
Lavender (Lavandula spp.) >��@
Lemon (Citrus spp.) >��@
Linden (Tilia�VSS���>��@
Orange (Citrus spp.) >��@
Rhododendron (Rhododendron spp.) >��@
Rosemary (Rosmarinus officinalis /���>��@
Spruce (Picea abies��/���.DUVW��>��@
7XDODQJ��Koompassia excels��>�@

Acacetin (Apigenin 
�ƍ�PHWK\O�HWKHU�

$FDFLD��5RPDQLD� (Robinia Pseudoacacia) >��@

TABLE 5.1  (Continued)

A
pp

le
 A

ca
de

m
ic

 P
re

ss

A
ut

ho
r C

op
y

Non Commercial Use



134 Plant-Based Functional Foods and Phytochemicals

Flavonoid 
Subclass and 
Structure

Flavonoid Type 
and Structure

Botanical Source and References

)ODYDQRQROV Pinobanksin Acacia (Robinia pseudoacacia) >����������@
Chestnut (Castanea sativa��>��@
Citrus (Citrus�VSS���>��@
Eucalyptus (European) (Myrtaceae Eucalyptus sp.) 
>������@
Fir (Abies alba�0LOO���>��@
+RQH\GHZ�>��@
Kamahi (Weinmannia racemose) >��@
Leatherwood (Eucryphia lucida��>��@
Linden (Tilia�VSS���>��@
Lotus (Fabaceae Lotus�VS���>��@
Manuka (Leptospermum scoparium) >������@
Rosemary (Rosmarinus officinalis /���>���������@
6SUXFH��3LFHD�DELHV��/���.DUVW��>��@
Strawberry tree (Arbutus undedo L.) >��@
6XQIORZHU��Helianthus annuus L.��>�@

)ODYDQ���ROV Catechin Heather (Erica spp) >��@
7XDODQJ��Koompassia excels��>�@

Epicatechin Lavender (Lavandula spp.) >��@
Litchi (Litchi chinensis) >��@
Oak (Quercus) >��@

7DQQLQ�
GHULYDWLYHV

Ellagic acid Australian jelly bush (Leptospermum 
polygalifolium) >��@
Buckwheat (Fagopyrum esculentum 0RHQFK��>��@
Gelam (Melaleuca cajuputi) >��@
Heather (Erica spp.) >�����������������@
Manuka (Leptospermum scoparium) >��@

*Potential marker compounds proposed in the literature are in bold italics.

TABLE 5.1  (Continued)
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5.2.2 NON-FLAVONOID PHENOLIC COMPOUNDS IN HONEY

6RPH� RI� WKH� QRQ�IODYRQRLG� SRO\SKHQROV� LQ� KRQH\� DUH� OLVWHG� LQ�7DEOH� �����
7KHVH� DUH�PDLQO\� SKHQROLF� DFLGV� LQ� KRQH\V� �VXFK� DV�� V\ULQJLF� DFLG�� JDOOLF�
DFLG�� S�FRXPDULF� DFLG�� FDIIHLF� DFLG� DQG�� IHUXOLF� DFLG���2Q� WKH� RWKHU� KDQG��
LVRIHUXOLF� DFLG��P�FRXPDULF� DFLG�� KRPRDQLVLF� DFLG� DQG� R�DQLVLF� DFLG�ZHUH�
IRXQG�RQO\�LQ�IHZ�W\SHV�RI�KRQH\�

TABLE 5.2 0DMRU�1RQ�)ODYRQRLG�3KHQROLF�&RPSRXQGV� LQ�+RQH\V�DQG� WKHLU�2FFXUUHQFH�
According to Botanical Sources

Non-Flavonoid 
Polyphenol and its 
Structure

Phenolic Acid in 
Honey and its 
Structure

Botanical Source and References

3KHQROLF�DFLGV��%HQ]RLF�
DFLG�GHULYDWLYHV

%HQ]RLF�DFLG Citrus (Citrus�VSS���>��@
Eucalyptus (Myrtaceae Eucalyptus VS���>��@
Heather (Erica spp.) >��@
Lotus (Fabaceae Lotus�VS���>��@
Manuka (Leptospermum scoparium) >�@
7XDODQJ��Koompassia excels��>�@

Syringic acid Acacia (Robinia Pseudoacacia) >��@
Azadirachta indica >��@
Buckwheat (Fagopyrum esculentum 
0RHQFK��>��@
Carob (Ceratonia silique) >��@
Citrus (Citrus�VSS���>��@
Eucalyptus (Myrtaceae Eucalyptus VS���>��@
Euphorbia milii >��@
Fir (Abies alba�0LOO���>��@
Ginger (Zingiber officinale��>��@
Heather (Erica spp.) >����������@
Lavender (Lavandula spp.) >��@
Leatherwood (Eucryphia lucida��>��@
Lotus (Fabaceae Lotus�VS���>��@
Manuka (Leptospermum scoparium) >�����@
Oak (Quercus) >��@
Pine (Pinus L.) >����������@
7K\PH��Thymus L.) >������@
7XDODQJ��Koompassia excels��>�����@
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Non-Flavonoid 
Polyphenol and its 
Structure

Phenolic Acid in 
Honey and its 
Structure

Botanical Source and References

Methyl syringate* Acacia (Robinia Pseudoacacia) >��@
Asphodel (Asphodelus microcarpus) >��@
Canola (Brassica napus��>��@
Kamahi (Weinmannia racemose) >��@
Leatherwood (Eucryphia lucida��>��@
Manuka (Leptospermum scoparium) >�����@

4-Hydroxy-benzoic 
acid*

Acacia (Robinia Pseudoacacia) >������@
Astralagus spp. >��@
Buckwheat (Fagopyrum esculentum 
0RHQFK��>�����@
Chaste tree (Vitexagnus-castus) >��@
Chestnut (Castanea sativa) >����������@
Citrus (Citrus�VSS���>��@
&ORYHU��Triflolium spp���>������@
Eucalyptus (Myrtaceae Eucalyptus VS���>��@
Heather (Erica spp.) >������������������@
Lavender (Lavandula spp.) >��@
Linden (Tilia�VSS���>������@
Lotus (Fabaceae Lotus�VS���>��@
Oak (Quercus) >��@
Pine (Pinus L.) >��@
Rhododendron (Rhododendron spp.) >��@

3-Hydroxy-benzoic 
acid*

Buckwheat (Fagopyrum esculentum 
Moench��>�����@
Carob (Ceratonia silique) >��@
Heather (Erica spp.) >��@
Linden (Tilia spp.) >������@

Methyl-4-hydroxy-
EHQ]RDWH

Canola (Brassica napus) >��@
Orange (Citrus spp.) >��@
Manuka (Leptospermum scoparium) >�@
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Non-Flavonoid 
Polyphenol and its 
Structure

Phenolic Acid in 
Honey and its 
Structure

Botanical Source and References

Protocatechuic acid Astralagus spp. >��@
Buckwheat (Fagopyrum esculentum 
Moench��>�@
Chestnut (Castanea sativa) >����������@
&ORYHU��Triflolium spp���>��@
Eucalyptus (Myrtaceae Eucalyptus sp.) 
>������@
Heather (Erica spp.) >������@
Linden (Tilia�VSS���>��@
Oak (Quercus) >��@
Pine (Pinus L.) >������@
Rhododendron (Rhododendron spp.) >��@
7K\PH��Thymus L.) >��@
Willow (Salix L.) >��@

Gallic acid* Acacia (Robinia Pseudoacacia) >��@
Astralagus spp. >��@
Australian jelly bush (Leptospermum 
polygalifolium) >��@
Azadirachta indica >��@
Chestnut (Castanea sativa) >��@
Eucalyptus (Myrtaceae Eucalyptus sp.) 
>����������@
Gelam (Melaleuca cajuputi) >��@
Ginger (Zingiber officinale��>��@
Heather (Erica spp.) >����������@
+RQH\GHZ�>������@
-DSDQHVH�JUDSH�(Hoveniadulcis) >��@
Kamahi (Weinmannia racemose) >��@
Linden (Tilia�VSS���>��@
Litchi (Litchi chinensis) >��@
0DQXND��1HZ�=HDODQG� (Leptospermum 
scoparium) >����������@
Oak (Quercus) >��@
4XLWRFR��Pluchea Sagittalis��>��@
Rhododendron (Rhododendron spp.) >��@
6XQIORZHU��Helianthus annuus L.��>��@
7XDODQJ��Koompassia excels��>�@
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Non-Flavonoid 
Polyphenol and its 
Structure

Phenolic Acid in 
Honey and its 
Structure

Botanical Source and References

Vanillic acid Acacia (Robinia pseudoacacia��>������@
Astralagus spp. >��@
Buckwheat (Fagopyrum esculentum 
0RHQFK��>��@
&HGUXV�>��@
Chestnut (Castanea sativa) >������@
Citrus (Citrus�VSS���>������@
Eucalyptus (Myrtaceae Eucalyptus sp.) 
>������@
Ginger (Zingiber officinale��>��@
Heather (Erica spp.) >��������������@
Litchi (Litchi chinensis) >��@
Linden (Tilia spp.) >��@
Lotus (Fabaceae Lotus�VS���>��@
Pine (Pinus L.) >������@
Rhododendron (Rhododendron spp.) >��@

Gentisic acid &HGUXV�>��@
Carob (Ceratonia silique) >��@
Eucalyptus (Myrtaceae Eucalyptus VS���>��@
Pine (Pinus L.) >��@
7K\PH��Thymus L.) >��@

Eudesmic acid* Manuka (Leptospermum scoparium) >��@

o-Anisic acid* Manuka (Leptospermum scoparium) >��@

TABLE 5.2  (Continued)

A
pp

le
 A

ca
de

m
ic

 P
re

ss

A
ut

ho
r C

op
y

Non Commercial Use



Identification of Botanical and Geographical Origins 139

Non-Flavonoid 
Polyphenol and its 
Structure

Phenolic Acid in 
Honey and its 
Structure

Botanical Source and References

3KHQROLF�DFLGV���
Hydroxy-phenylacetic 
DFLG�GHULYDWLYHV

4-Hydroxy-
phenylacetic acid

Buckwheat (Fagopyrum esculentum 
Moench��>�@
Chestnut (Castanea sativa) >��@
Eucalyptus (Myrtaceae Eucalyptus VS���>��@
Lotus (Fabaceae Lotus�VS���>��@

Homoanisic acid* Kanuka (Kunzea ericoides) >��@

Homogentisic acid* Strawberry tree (Arbutus undedo L.) >��@
Chaste tree (Vitexagnus-castus) >��@
7K\PH��Thymus L.) >��@

3KHQROLF�DFLGV��
Cinnamic acid 
GHULYDWLYHV

Trans-Cinnamic 
acid*

Acacia (Robinia pseudoacacia) >������@
&ORYHU��Triflolium spp���>��@
Heather (Erica spp.) >������@
Strawberry tree (Arbutus unedo�/���>��@
7XDODQJ��Koompassia excels��>�����@

p-Coumaric acid* Acacia (Robinia pseudoacacia) >����������@
Astralagus spp. >��@
Azadirachta indica�>��@
Buckwheat (Fagopyrum esculentum 
0RHQFK��>���������@
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Non-Flavonoid 
Polyphenol and its 
Structure

Phenolic Acid in 
Honey and its 
Structure

Botanical Source and References

Capparis >��������������@
Chaste tree (Vitexagnus-castus) >��@
Chestnut (Castanea sativa) >����������@
Citrus (Citrus�VSS���>��������������@
Clover (Trifolium spp.��>��������������@
Eucalyptus (Myrtaceae Eucalyptus sp.) 
>������@
Heather (Erica spp.) >��������������@
+RQH\GHZ�>����������@
-DSDQHVH�JUDSH�(Hoveniadulcis) >��@
Lavender (Lavandula spp.) >��@
Linden (Tilia�VSS���>������@
Lotus (Fabaceae Lotus�VS���>��@
Manuka (Leptoseprum scoparium >��@
Oak (Quercus) >��@
Pine (Pinus L.) >��@
Rhododendron (Rhododendron spp.) >��@
Rosemary (Rosmarinus officinalis /���>��@
6XQIORZHU��Helianthus annuus L.��>��@
7XDODQJ��Koompassia excels��>�@
Wild carrot (Daucus carota��>��@

m-Coumaric acid Acacia (Robinia Pseudoacacia) >��@
Chestnut (Castanea sativa) >��@

Caffeic acid Acacia (Robinia pseudoacacia) >����������@
Australian jelly bush (Leptospermum 
polygalifolium) >��@
Azadirachta indica >��@
Capparis�>��@
Chaste tree (Vitex agnus-castus) >��@
Chestnut (Castanea sativa) >����������@
Citrus (Citrus�VSS���>��������������@
Clover (Trifolium spp���>��@
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Non-Flavonoid 
Polyphenol and its 
Structure

Phenolic Acid in 
Honey and its 
Structure

Botanical Source and References

Eucalyptus (Myrtaceae Eucalyptus sp.) 
>������@
Gelam (Melaleuca cajuputi) >��@
Ginger (Zingiber officinale��>��@
Heather (Erica spp.) >������������������@
+RQH\GHZ�>����������@
Lavender (Lavandula spp.) >��@
Linden (Tilia�VSS���>����������@
Litchi (Litchi chinensis) >��@
Lotus (Fabaceae Lotus�VS���>��@
Manuka (Leptoseprum scoparium)  
�>����������@
Oak (Quercus) >��@
Pine (Pinus L.) >��@
Rhododendron (Rhododendron spp.) >������@
Rosemary (Rosmarinus officinalis /���>��@
6XQIORZHU��Helianthus annuus L.��>������@
7K\PH��Thymus L.) >��@
7XDODQJ��Koompassia excels��>�����@

Ferulic acid* Acacia (Robinia pseudoacacia)  
�>��������������@
Astralagus spp. >��@
Azadirachta indica�>��@
Buckwheat (Fagopyrum esculentum 
0RHQFK��>�����@
Canola (Brassica napus) >��@
Chaste tree (Vitex agnus-castus) >��@
Chestnut (Castanea sativa) >��������������@
Citrus (Citrus�VSS���>������@
Eucalyptus (Myrtaceae Eucalyptus sp.) 
>������@
Ginger (Zingiber officinale��>��@
Heather (Erica spp.) >������@
+RQH\GHZ�>��@
-XMXEH��Ziziphusjujuba. 0LOO���>��@
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Non-Flavonoid 
Polyphenol and its 
Structure

Phenolic Acid in 
Honey and its 
Structure

Botanical Source and References

Linden (Tilia spp.) >��@
Litchi (Litchi chinensis) >������@
Lotus (Fabaceae Lotus�VS���>��@
Manuka (Leptoseprum scoparium) >��@
Oak (Quercus) >��@
Pine (Pinus L.) >��@
Raspberry (Rubus) >��@
Rhododendron (Rhododendron spp.) >������@
7K\PH��Thymus L.) >��@
Willow (Salix L.) >��@

Isoferulic acid* Manuka (Leptoseprum scoparium >��@

Rosmarinic acid* Buckwheat (Fagopyrum esculentum 
Moench��>��@
Heather (Erica spp.) >��@
Manuka (Leptoseprum
scoparium) >��@
Mint (Mentha spp.) >��@

Chlorogenic acid* Acacia (Robinia pseudoacacia) >������@
Azadirachta indica >��@
Buckwheat (Fagopyrum esculentum 
Moench��>��@
Gelam (Melaleuca cajuputi) >������@
Ginger (Zingiber officinale��>��@
Heather (Erica spp.) >����������@
+RQH\GHZ�>��@
7K\PH��Thymus L.��>��@
Willow (Salix L.) >��@
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Non-Flavonoid 
Polyphenol and its 
Structure

Phenolic Acid in 
Honey and its 
Structure

Botanical Source and References

0HWDEROLWHV�RI�SKHQROLF�
acids

Phenylacetic acid* Chestnut (Castanea sativa) >��@
Heather (Erica spp.) >��@
Linden (Tilia spp.) >��@
Ling heather (Erica spp.,
Calluna Vulgaris) >��@

3-Phenyllactic acid* Chestnut (Castanea sativa) >��@
Heather (Erica spp.) >��@
Ling heather (Erica spp., Calluna 
Vulgaris) >��@
Kamahi (Weinmannia racemose) >��@
Leatherwood (Eucryphia lucida��>��@
Manuka (Leptospermum scoparium) >�����@
Milk thistle (Silybummarianum) >������@

Phenylpropanoic acid Canola (Brassica napus��>��@
Kamahi (Weinmannia racemose) >��@
Leatherwood (Eucryphia lucida��>��@
Manuka (Leptospermum scoparium) >��@

Mandelic acid Heather (Erica spp.) >��@

*Potential marker compounds proposed in the literature are in bold italics.

5.3 ORIGIN AND IDENTIFICATION OF HONEY-BASED 
PHYTOCHEMICALS

5.3.1 CURRENT TRENDS IN DETERMINATION OF BOTANICAL 
AND GEOGRAPHICAL ORIGINS OF HONEY

'XH�WR�WKH�YDULDEOH�FRPSRVLWLRQ�RI�KRQH\��LGHQWLILFDWLRQ�RI�RULJLQ�DQG�GHWHF-
WLRQ�RI�DGXOWHUDWLRQV�LV�D�FKDOOHQJLQJ�WDVN�IRU�IRRG�H[SHUWV�DQG�DXWKRULWLHV��
7KHUH�DUH�QR�VWDQGDUG�FULWHULD�LQ�WKH�(XURSHDQ�8QLRQ��(8��DQG�ZRUOGZLGH��
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WKHUHIRUH�LW�LV�D�GLIILFXOW�WDVN�IRU�LGHQWLILFDWLRQ�RI�ERWDQLFDO�DQG�JHRJUDSKLFDO�
RULJLQ�RI�KRQH\V��$V�TXDOLW\�RI�KRQH\�GHSHQGV�RQ�VHYHUDO�IDFWRUV��VXFK�DV��WKH�
QHFWDU�FRQVXPHG�E\�EHHV��QDWXUDO�VWUXFWXUH�RI�WKH�QHFWDU��FOLPDWLF�FRQGLWLRQV�
DQG�JHRJUDSKLFDO�RULJLQ�� WKHUHIRUH� WKH�SUHGLFWLRQ�RI�FRPSRVLWLRQ�RI�KRQH\�
DOVR�UHPDLQV�D�FKDOOHQJLQJ�WDVN�>�@��7KHUH�DUH�VHYHUDO�VWXGLHV�GHDOLQJ�ZLWK�
LGHQWLILFDWLRQ�RI� RULJLQ� EDVHG�RQ�SK\VLFRFKHPLFDO� SURSHUWLHV� >���� ���� ��@��
VSHFWUDO�PHDVXUHPHQWV�>����������@��GDWD�DFTXLUHG�E\�HOHFWURQLF�VHQVRU�LQVWUX-
PHQWV�>��������������@��DQG�VRSKLVWLFDWHG�WHFKQLTXHV�OLNH�QXFOHDU�PDJQHWLF�
UHVRQDQFH��105���KLJK�SHUIRUPDQFH�OLTXLG�FKURPDWRJUDSK\��+3/&���WLPH�
RI�IOLJKW��72)��PDVV�VSHFWURPHWU\��06��>��@��HWF�

73&� DFFRUGLQJ� WR� WHFKQLTXHV�� VXFK� DV�� )ROLQ�&LRFDOWHX� �73&��� IHUULF�
reduction antioxidant power (FRAP), cupric ion reducing antioxidant capacity 
�&835$&��� $%76� ���� �¶�D]LQR�ELV� ���HWK\OEHQ]RWKLD]ROLQH���VXOIRQLF�
DFLG��UDGLFDO�VFDYHQJLQJ��7RWDO�ÀDYRQRLG�FRQWHQW��7)&��DUH�DOVR�VWXGLHG�IRU�
LGHQWL¿FDWLRQ�RI�RULJLQ�RI�GL൵HUHQW�PRQRÀRUDO�KRQH\V�>����������������������
��@��+RZHYHU��WKHVH�PHWKRGV�FDQQRW�SURYLGH�LQIRUPDWLRQ�RQ�WKH�W\SH�RI�WKH�
GLVWLQFW�PROHFXOHV�SURYLGLQJ�WKH�DQWLR[LGDQW�SURSHUWLHV��WKHUHIRUH�LQGLYLGXDO�
SK\WRFKHPLFDO�FRPSRQHQWV�PD\�VHUYH�DV�PRUH�DSSURSULDWH�PDUNHU�PROHFXOHV�
>��@�IRU�WKH�LGHQWL¿FDWLRQ�RI�KRQH\V�IURP�GL൵HUHQW�ERWDQLFDO�VRXUFHV�

6HFWLRQV�����������DQG�����JLYH�DQ�DFFRXQW�RI�GL൵HUHQW�W\SHV�RI�SKHQROLF�
FRPSRQHQWV�DQG�ÀDYRQRLGV� WKDW�DUH�SUHVHQW� LQ�PRQRÀRUDO�KRQH\V�DQG�FDQ�
TXDOLI\�DV�SRVVLEOH�WUDFHU�PROHFXOHV�IRU�DXWKHQWLFDWLRQ�

5.3.2 IDENTIFICATION OF BOTANICAL AND GEOGRAPHICAL 
ORIGINS BASED ON TOTAL ANTIOXIDANT CAPACITY

Studies report that the antioxidant capacity (AOC) and total phenolic and 
IODYRQRLG�FRQWHQWV�LQ�KRQH\V�DUH�GLUHFWO\�FRUUHODWHG�

5.3.2.1 METHODS FOR THE DETERMINATION OF ANTIOXIDANT 
PROPERTIES OF HONEY

)ODYRQRLGV� DQG� SKHQROLF� DFLGV� DUH� FRQVLGHUHG� DV� HIILFLHQW� SODQW�GHULYHG�
DQWLR[LGDQWV��$FFRUGLQJ�WR�OLWHUDWXUH��WKHUH�DUH�PDQ\�DVVD\V�DYDLODEOH�WR�GHWHU-
PLQH�WKH�73�DQG�IODYRQRLG�FRQWHQWV�LQ�KRQH\��7KH�WRWDO�$2&�RI�KRQH\�FDQ�EH�
measured through polyphenols content in honey. According to main mecha-
QLVPV�JRYHUQLQJ� WKHVH� UHDFWLRQV�� WKH� WHFKQLTXHV� FDQ�EH� FODVVLILHG� LQWR� WZR�
PDLQ�JURXSV��VXFK�DV������UHDFWLRQV�EDVHG�RQ�K\GURJHQ�DWRP�WUDQVIHU��+$7���
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����VLQJOH�HOHFWURQ�WUDQVIHU��6(7���DQG�����PL[HG�PHFKDQLVPV��LQYROYLQJ�ERWK�
pathways.

5.3.2.1.1 Methods Based on Hydrogen Atom Transfer (HAT) 
Reactions

+$7�EDVHG�WHFKQLTXHV�DUH�DLPHG�WR�GHWHUPLQH� WKH�DELOLW\�RI�DQWLR[LGDQWV� WR�
TXHQFK�WKH�IUHH�UDGLFDOV�E\�K\GURJHQ�GRQDWLRQ��,Q�WKHVH�UHDFWLRQV�� WKH�ERQG�
GLVVRFLDWLRQ� HQWKDOS\� LV� DQ� LPSRUWDQW� SDUDPHWHU� WR� HYDOXDWH� WKH� DQWLR[LGDQW�
DFWLRQ�� ORZHU� HQWKDOSLHV� RI� WKH� DQWLR[LGDQWV� IDFLOLWDWH� WKH� UHDFWLRQ�� 7KHVH�
PHWKRGV�DUH�XVXDOO\�IDVW�DQG�QHHG�RQO\�VHFRQGV�RU�PLQXWHV�WR�JHW�WKH�UHVXOWV��
7KH� WZR�PDLQ�+$7�EDVHG�PHWKRGV�DUH� >��@�� WKH�R[\JHQ�UDGLFDO�DEVRUEDQFH�
FDSDFLW\��25$&��DQG�WKH�WRWDO�UDGLFDO�WUDSSLQJ�DQWLR[LGDQW�SDUDPHWHU��75$3��

,Q�25$&�PHWKRG��WKH�$2&�LV�PHDVXUHG�E\�PHDVXULQJ�WKH�LQWHQVLW\�RI�D�
ÀXRUHVFHQW�VLJQDO�IURP�D�SUREH�WKDW�LV�TXHQFKHG�LQ�WKH�SUHVHQFH�RI�IUHH�UDGL-
FDOV��7KH� DQWLR[LGDQWV� DEVRUE� WKH�JHQHUDWHG� IUHH� UDGLFDOV�� UHDFWLYH�R[\JHQ�
VSHFLHV�� DOORZLQJ� WKXV� WKH� ÀXRUHVFHQW� VLJQDO� WR� SHUVLVW�� 7KH� IUHH� UDGLFDOV�
DUH�JHQHUDWHG� IURP����¶�D]RELV� ���PHWK\OSURSLRQDPLGLQH��GLK\GURFKORULGH�
�$$3+��WKDW�SURGXFHV�D�IUHH�UDGLFDO��SHUR[\O��

7KH�75$3�PHWKRG�PRQLWRUV�WKH�FDSDFLW\�RI�WKH�DQWLR[LGDQWV�LQ�WKH�VDPSOH�
WR�VFDYHQJH�OXPLQRO�GHULYHG�UDGLFDOV��JHQHUDWHG�IURP�$$3+�GHFRPSRVLWLRQ��
7KH�UHDFWLRQ�LV�IROORZHG�E\�FKHPL�OXPLQHVFHQFH�>��@�

2WKHU�PHWKRGV�XQGHU�+$7�JURXS�DUH�SKRWRFKHPL�OXPLQHVFHQFH��3&/���
FKHPL�OXPLQHVFHQFH� �&/�� DQG� WRWDO� DQWLR[LGDQW� VFDYHQJLQJ� FDSDFLW\�
�726&��>��@�

5.3.2.1.2 Methods Based on Single Electron Transfer (SET)

,Q�6(7�UHDFWLRQ��WKH�DQWLR[LGDQW�GHOLYHUV�DQ�HOHFWURQ�WR�WKH�IUHH�UDGLFDO�DQG�
LWVHOI�EHFRPHV�D�UDGLFDO�FDWLRQ��,Q�WKLV�UHDFWLRQ�� WKH�LRQL]DWLRQ�SRWHQWLDO�RI�
WKH�DQWLR[LGDQW�LV�WKH�PRVW�LPSRUWDQW�IDFWRU�DIIHFWLQJ�WKH�DQWLR[LGDQW�DFWLRQ��
/RZHU�LRQL]DWLRQ�SRWHQWLDOV�PDNH�WKH�HOHFWURQ�DEVWUDFWLRQ�HDVLHU�>��@��6(7�
PHDVXUHPHQWV� DUH� JHQHUDOO\�PRUH� SRSXODU� WKDQ�+$7�PHDVXUHPHQWV��7KLV�
DOVR� DSSOLHV� WR� WKH� DQDO\VLV� RI� KRQH\��$VVD\V� OLNH� IHUULF� UHGXFLQJ� DQWLR[L-
dant power (FRAP) and cupric ion reducing antioxidant power (CUPRAC) 
EHORQJ�WR�WKLV�JURXS�>��@�

)5$3� UHDFWLRQ� LV� EDVHG� RQ� WKH� PHDVXUHPHQW� RI� UHGXFWLRQ� RI� )H��� to 
Fe����ZKLFK�IRUPV�D�FRORUHG�FRPSOH[�ZLWK�������WULV����WULS\ULG\O��V�WULD]LQH�
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�737=���7KLV�FRORU�FKDQJH�LV�IROORZHG�E\�VSHFWURSKRWRPHWU\�DW�����QP��7KH�
PHWKRG�LV�QRW�VXLWDEOH�IRU�WKH�GHWHFWLRQ�RI�WKLROV�DQG�SURWHLQV�>��@�

CUPRAC method is similar to FRAP method. It is based on the reduction 
RI�&X�� to Cu���ZKLFK�ODWWHU�IRUPV�D�FRORUHG�FRPSOH[�ZLWK�QHRFXSURLQH��7KH�
&835$&�FDQ�EH�XVHG� IRU�ERWK�K\GURSKLOLF�DQG� OLSRSKLOLF�DQWLR[LGDQWV�� ,W�
KDV�WKH�DGYDQWDJH�EHFDXVH�WKLV�PHWKRG�ZRUNV�DW�D�QHXWUDO�S+�VLPLODU�WR�WKH�
SK\VLRORJLFDO�S+�>��@�

5.3.2.1.3 Methods Based on Mixed Set and Hat Mechanisms

���¶�D]LQR�ELV� ���HWK\OEHQ]RWKLD]ROLQH���VXOIRQLF� DFLG�� �$%76�� RU� WUROR[�
HTXLYDOHQW�DQWLR[LGDQW�FDSDFLW\��7($&��PHDVXUHPHQW�EHORQJV�WR�WKLV�JURXS��
ZKHUH�WKH�DQWLR[LGDQW�DELOLW\�RI�WKH�WHVW�FRPSRXQG�LV�GHWHUPLQHG�EDVHG�RQ�
WKH�ORVV�RI�FRORU�WKDW�LV�GHWHUPLQHG�E\�WKHLU�UHDFWLRQ�ZLWK�WKH�$%76�� radical 
FDWLRQ��SURGXFHG�SULRU� WR� WKH�DVVD\��7KH�PRVW�DSSURSULDWH�ZDYHOHQJWKV�IRU�
IROORZLQJ�WKH�UDGLFDO�VFDYHQJLQJ�UHDFWLRQ�DUH�����QP�DQG�����QP�

$�VLPLODU�DVVD\�LV�����GLSKHQ\O���SLFU\OK\GUD]\O��'33+��PHWKRG��ZKLFK�
LV�EDVHG�RQ�WKH�UHGXFLQJ�FDSDFLW\�RI�WKH�DQWLR[LGDQWV�WRZDUGV�'33+�UDGLFDO�
FDXVLQJ�FKDQJH�RI�FRORU�WKDW�FDQ�EH�PHDVXUHG�DW�����QP��7KH�PHWKRG�KDV�WKH�
GUDZEDFN�UHODWHG�ZLWK�VWHULF�KLQGUDQFH�RI�'33+�UDGLFDO��ZKLFK�LV�QRW�HDVLO\�
DFFHVVLEOH� IRU� WKH� DQWLR[LGDQWV� LQ� WKH� VROXWLRQ��7KH�PHWKRG� LV� VXLWDEOH� IRU�
hydrophilic and lipophilic antioxidants.

5.3.2.1.4 Other Methods for Determination of Total Polyphenol

7KH� IRUPDO� FRQWHQW� RI� WRWDO� SRO\SKHQROV� �73&�� LV� GHWHUPLQHG� E\� SRSXODU�
)ROLQ�&LRFDOWHX�PHWKRG��7KLV�LV�EDVHG�RQ�WKH�UHGXFWLRQ�RI�D�PL[WXUH�RI�SKRV-
potungstate-phospomolibdate by the antioxidants in the sample, resulting in 
WKH�DSSHDUDQFH�RI�D�EOXH�FRORU�PHDVXUHG�XVXDOO\�DW�����QP�RU�����QP�E\�
VSHFWURSKRWRPHWU\�� 7KH� EDVLF�PHFKDQLVP� LV� D� UHGR[� UHDFWLRQ�� 'XULQJ� WKLV�
UHDFWLRQ�� WKH�SKHQROLF�JURXS� LV�R[LGL]HG�DQG� WKH�PHWDO� LRQ� LV� UHGXFHG��7KH�
PHWKRG�KDV�WKH�GUDZEDFN�RI�ORZ�VSHFLILFLW\��,W�FDQ�GHWHFW�PDQ\�RWKHU�UHGXFLQJ�
FRPSRXQGV��VXFK�DV�UHGXFLQJ�VXJDUV�>��@�

7KH�7)&�DVVD\�LV�RIWHQ�XVHG�WR�PHDVXUH�$2&�RI�KRQH\��7KLV�WHFKQLTXH�
LV�EDVHG�RQ�WKH�FRPSOLFDWLRQ�RI�ÀDYRQRLGV�ZLWK�DOXPLQXP�FKORULGH��ZKLFK�
UHVXOWV�LQ�D�FKDQJH�RI�FRORU��GHWHFWDEOH�E\�VSHFWURSKRWRPHWU\�DW�����QP�>��@�

7KH� WRWDO� DQWLR[LGDQW� VWDWXV� �7$6�� DQG� WRWDO� R[LGDQW� VWDWXV� �726��
PHDVXUHPHQWV�DUH�DOVR�DYDLODEOH��8VXDOO\�� FRPPHUFLDOO\�DYDLODEOH�NLWV�DUH�
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XVHG�IRU�WKH�GHWHUPLQDWLRQ�RI�WKHVH�SURSHUWLHV��8VLQJ�7$6�DQG�726�YDOXHV��
DQ� R[LGDWLYH� VWUHVV� LQGH[� FDQ� EH� FDOFXODWHG�� 7KH� VSHFWURSKRPHWULFDOO\�
GHWHFWHG� FKDQJH� RI� FRORU� LV� GHSHQGHQW� RQ� WKH� WRWDO� DPRXQW� RI� DQWLR[LGDQW�
PROHFXOHV�LQ�WKH�VDPSOH��7KH�PHWKRGV�FDQ�EH�FDOLEUDWHG�ZLWK�+2O2 or trolox 
(6-hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic acid).

$V�PHQWLRQHG�DERYH��VHYHUDO�in vitro�DVVD\V�DUH�DYDLODEOH�IRU�WKH�GHWHF-
WLRQ� RI�$2&� LQ� IRRGV�� KRZHYHU�� DOO� RI� WKHP� KDYH� XQLTXH� DGYDQWDJHV� DQG�
GLVDGYDQWDJHV��$OWKRXJK�QHZ�DVVD\V�DUH�FRQWLQXRXVO\�EHLQJ�GHYHORSHG��\HW�
WKHUH�LV�QR�³XQLYHUVDO´�PHWKRG��7KHUHIRUH��XVXDOO\�VHYHUDO�WHFKQLTXHV�KDYH�
EHHQ�XVHG�WR�FKDUDFWHUL]H�WKH�VDPSOHV�>������@�

5.3.2.2 APPLICATION OF AOC, TPC, AND TFC IN THE 
DISCRIMINATION OF BOTANICAL AND GEOGRAPHICAL ORIGINS 
OF HONEY

$OWKRXJK� WKHUH� KDV� EHHQ� QR� DWWHPSW� WR� LGHQWLI\� RU� TXDQWLI\� WKH� LQGLYLGXDO�
FRPSRXQGV�LQ�WKHVH�VWXGLHV��\HW�WKH�RYHUDOO�DQWLR[LGDQW�SURSHUWLHV�RI�KRQH\V�
DUH�LQGLFDWLYH�LQ�VRPH�FDVHV�IRU�WKH�ERWDQLFDO�RU�JHRJUDSKLFDO�RULJLQV�RI�KRQH\�

7XUNLVK� UHVHDUFKHUV� GHWHUPLQHG� WKH� 7$6� DQG� 726� RI� KRQH\� VDPSOHV�
IURP�VHYHQ�GL൵HUHQW�UHJLRQV�LQ�7XUNH\��7KH\�IRXQG�VLJQL¿FDQW�GL൵HUHQFHV�
EHWZHHQ�KRQH\V�IURP�WKH�GL൵HUHQW�UHJLRQV�LQ�WHUPV�RI�ERWK�SDUDPHWHUV��GXH�
WR�WKH�GL൵HUHQFHV�LQ�WKH�FOLPDWLF�FRQGLWLRQV�DQG�WKH�VRLO�TXDOLW\�LQ�WKH�VWXG\�
]RQHV�>�@�

7KUHH� GL൵HUHQW� ERWDQLFDO� W\SHV� RI� KRQH\� �PDLQO\�� Acacia tortilis 
(Summer), Ziziphus spina-crhisti� �6LGU��DQG�PXOWLÀRUD�KRQH\��ZHUH� LQYHV-
WLJDWHG� IRU� WKHLU� WRWDO� SRO\SKHQRO� �73&��� WRWDO� ÀDYRQRLG� �7)&�� FRQWHQWV�
DQG� WKHLU� DQWLR[LGDQW� FDSDFLW\� �'33+�� LQ�2PDQ��7KH� UHVXOWV� UHYHDOHG� WKH�
GL൵HUHQFHV�EHWZHHQ�GL൵HUHQW�W\SHV�RI�KRQH\V��6XPPHU�KRQH\�LV�ULFKHVW�LQ�
DQWLR[LGDQW�FRPSRXQGV�FRPSDUHG�WR�RWKHU� W\SHV��7KH�UHVHDUFKHUV�UHSRUWHG�
WKDW� WKHLU� UHVXOWV�ZHUH� GL൵HUHQW� IURP� WKRVH� UHSRUWHG� IURP�RWKHU� FRXQWULHV��
ZKLFK�FDQ�EH�WKH�FRQVHTXHQFH�RI�GL൵HUHQW�FOLPDWLF�FRQGLWLRQV�>�@�

3RUWXJXHVH� UHVHDUFKHU� LQYHVWLJDWHG� WK\PH�� RUDQJH�� VWUDZEHUU\�� ORFXVW�
pod-shrub, rosemary, eucalyptus, and heather honeys. Honeys were clas-
VL¿HG�EDVHG�RQ� WKHLU�DQWLR[LGDQW�FDSDFLWLHV�DQG�FRQFHQWUDWLRQ�RI�PLQHUDOV��
5HVXOWV�VKRZHG�WKDW�URVHPDU\�DQG�RUDQJH�KRQH\V�KDG�ORZHU�73&�DQG�$2&��
$2&�ZDV�LQFUHDVHG�LQ�WKH�IROORZLQJ�RUGHU��WK\PH�KRQH\!VWUDZEHUU\�KRQH\!�
ORFXVW�SRG�VKUXE�KRQH\!�KHDWKHU�KRQH\��'XH� WR� WKHLU� ORZ�$2&�� URVHPDU\�
KRQH\�DQG�RUDQJH�KRQH\�ZHUH�FRPSOHWHO\�GLVWLQJXLVKHG�IURP�WKH�RWKHU�W\SHV�
RI� KRQH\�� ,Q� DGGLWLRQ�� UHVXOWV� VKRZHG� WKDW� LI�$2&� SDUDPHWHUV� DUH� IXUWKHU�
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FRPELQHG�ZLWK�WKH�PLQHUDO�SUR¿OH��WKLV�FRXOG�UHSUHVHQW�D�PRUH�H൶FLHQW�WRRO�
LQ�WKH�GL൵HUHQWLDWLRQ�EHWZHHQ�KRQH\V�IURP�YDULRXV�ERWDQLFDO�W\SHV�>�@�

%HUWRQFHOM� DQG� KLV� FR�ZRUNHUV� >��@� VWXGLHG�73&�� DQWLR[LGDQW� DFWLYLWLHV�
RI� DFDFLD�� OLQGHQ�� FKHVWQXW�� ¿U�� VSUXFH�� IRUHVW�� DQG�PXOWLÀRUD� KRQH\V�ZLWK�
)5$3�DQG�'33+�PHWKRGV��)RU�FKHFNLQJ�WKH�VLJQL¿FDQW�GL൵HUHQFHV�DPRQJ�
VDPSOHV�IURP�GL൵HUHQW�ERWDQLFDO�RULJLQ��$129$�WHVW�ZDV�DSSOLHG��IROORZHG�
E\�'XQFDQV¶V�SRVW�KRF�WHVW��$129$�WHVW�VKRZHG�WKDW�WKHUH�ZHUH�VLJQL¿FDQW�
GL൵HUHQFHV�EHWZHHQ�GL൵HUHQW�ÀRUDO�JURXSV��$FDFLD�KRQH\V�KDG�VLJQL¿FDQWO\�
ORZHU�$2&� DQG� 73&� WKDQ� RWKHU� ERWDQLFDO� W\SHV�� /LQGHQ� KRQH\V� VKRZHG�
VLJQL¿FDQWO\� KLJKHU� YDOXHV� LQ� 73&� DQG� '33+� LQ� FRPSDULVRQ� WR� DFDFLD�
KRQH\��EXW� VLJQL¿FDQWO\� ORZHU� WKDQ�RWKHU� W\SHV��)RUHVW� DQG�¿U�KRQH\V�KDG�
WKH�VLJQL¿FDQWO\�KLJKHVW�73&�DQG�)5$3�YDOXHV��7KHVH�UHVXOWV�VKRZ�WKDW�WKH�
SKHQROLF�FRQWHQW�RI�KRQH\�LV�UHVSRQVLEOH�IRU�LWV�DQWLR[LGDQW�SRZHU��DQG�WKHVH�
SDUDPHWHUV� FDQ� EH� VXLWDEOH� WR� REWDLQ� D� VDWLVIDFWRU\� GL൵HUHQWLDWLRQ� DPRQJ�
VDPSOHV�RI�GL൵HUHQW�ERWDQLFDO�RULJLQ� >��@�� ,Q� WKLV� VWXG\�� D� OLQHDU�GLVFULPL-
nant analysis (LDA) model was used among antioxidant parameters, water 
FRQWHQW��HOHFWULFDO�FRQGXFWLYLW\��S+��DFLGLF�SDUDPHWHUV��FRORU��/DE��DQG�
RSWLFDO� URWDWLRQ�� %DVHG� RQ� WKLV� VWDWLVWLFDO� DQDO\VLV�� DFDFLD�� DQG� PXOWLÀRUD�
KRQH\V�ZHUH������FRUUHFWO\�FODVVL¿HG��DQG�OLQGHQ��FKHVWQXW��DQG�¿U�KRQH\V�
DOVR� VKRZHG�JRRG� VHSDUDWLRQ�DQG�FODVVL¿FDWLRQ� VFRUHV� �!������7KHUHIRUH��
LI� URXWLQH� SK\VLFRFKHPLFDO� SDUDPHWHUV� DUH� FRPELQHG�ZLWK� WKH� DQWLR[LGDQW�
SURSHUWLHV� DQG� WKH� UHVXOWV� DUH� FKHPR� PHWULFDOO\� HYDOXDWHG�� WKH� ERWDQLFDO�
GL൵HUHQWLDWLRQ�RI�KRQH\V�FDQ�EH�VLJQL¿FDQWO\�LPSURYHG�>��@�

&DQ�DQG�KLV� FR�ZRUNHUV� >��@� H[DPLQHG�$2&�RI�KRQH\V� IURP�GL൵HUHQW�
ÀRUDO�VRXUFHV��VXFK�DV��FKHVWQXW��DVWUDODJXV��KHDWKHU��FORYHU��ODYHQGHU��OLPH��
-HUXVDOHP�WHD��FRPPRQ�HU\QJR��FKDVWH�WUHH��UKRGRGHQGURQ��RDN��SLQH��DFDFLD��
DQG� PXOWLÀRUD�� E\� 73&�� '33+�� )5$3�� DQG� 7)&� PHWKRGV�� 7KHLU� UHVXOWV�
VKRZHG� VLJQL¿FDQW� GL൵HUHQFHV� EDVHG� RQ� DOO� SDUDPHWHUV� LQ� UHODWLRQ� WR� WKH�
ERWDQLFDO�VRXUFH��7KH\�FRQFOXGHG�WKDW�KRQH\GHZ��SLQH��DQG�RDN�KRQH\V�ZHUH�
FRPSOHWHO\�GL൵HUHQW�IURP�RWKHU�W\SHV�RI�KRQH\�LQ�WHUPV�RI�HDFK�PHDVXUHG�
SDUDPHWHU�� +HDWKHU� KRQH\� ZDV� DOVR� RXWVWDQGLQJ� GXH� WR� KLJK� DPRXQW� RI�
SKHQROLF�FRPSRXQGV�DQG�HOHYDWHG�DQWLR[LGDQW�DFWLYLW\�>��@�

,Q� DQ� DQDORJRXV�5RPDQLDQ� VWXG\�� DFDFLD�� VXQÀRZHU�� IRUHVW��PXOWLÀRUD��
OLQGHQ�� DQG� VHD� EXFNWKRUQ� KRQH\V�ZHUH� HYDOXDWHG� EDVHG� RQ� WKHLU� S+�� DVK�
FRQWHQW��FRORU��SURWHLQ��IUHH�DPLQR�DFLG��73&��DQG�DQWLR[LGDQW�FDSDFLWLHV�E\�
$%76�DQG�'33+�PHWKRGV��5HVXOWV�LQGLFDWHG�WKDW�73&�FRQWHQW�YDULHG�VLJQL¿-
FDQWO\�DFFRUGLQJ�WR�WKH�ERWDQLFDO�RULJLQ��+LJKHVW�73&�OHYHO�ZDV�REWDLQHG�IRU�
IRUHVW�KRQH\V��ZKLOH�DFDFLD�KRQH\V�VKRZHG�ORZHVW�YDOXHV�>������@��'33+�DQG�
$%76�UHVXOWV�VKRZHG�VLPLODU�WUHQGV��UHYHDOLQJ�VLPLODU�GL൵HUHQFHV�UHODWHG�WR�
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WKH�ÀRUDO�RULJLQ��3ULQFLSDO�FRPSRQHQW�DQDO\VLV��3&$��PRGHO�ZDV�EXLOW� IRU�
PHDVXUHPHQW�SDUDPHWHUV�UHYHDOLQJ�WKH�GL൵HUHQW�ERWDQLFDO�JURXSV�>��@�

,ULVK�UHVHDUFKHUV�UHSRUWHG�FRQFRPLWDQW�PHDVXUHPHQWV�RI�73&�DQG�SK\VL-
FRFKHPLFDO� SDUDPHWHUV� RI� KRQH\V� �HOHFWULFDO� FRQGXFWLYLW\�� S+�� DQG� FRORU���
6LPXOWDQHRXV�HYDOXDWLRQ�RI�WKHVH�SURSHUWLHV�SURYHG�WR�SOD\�DQ�LPSRUWDQW�UROH�
LQ�GL൵HUHQWLDWLQJ�DPRQJ�ERWDQLFDO�W\SHV�RI�KRQH\�>��@�

*URXS�RI�5RPDQLDQ�UHVHDUFKHUV�HYDOXDWHG�WKH�73&�DQG�7)&�RI�DFDFLD��
OLQGHQ�� VXQÀRZHU�� DQG� KRQH\GHZ� KRQH\V�� 7KH� UHVXOWV� VKRZHG� GL൵HUHQFHV�
according to the botanical origin. In agreement with other reports, acacia 
KRQH\V�KDG�ORZHVW�73&�DQG�7)&��IROORZHG�E\�OLQGHQ�DQG�VXQÀRZHU�KRQH\V��
ZKLOH�KRQH\GHZ�KRQH\�KDG�WKH�KLJKHVW�YDOXHV�>�@�

$OVR��6SDQLVK�UHVHDUFKHUV�H[DPLQHG�WRWDO�FRQFHQWUDWLRQ�RI�SRO\SKHQROV�
DQG�ÀDYRQRLGV�LQ�FKHVWQXW��EODFNEHUU\��KHDWKHU��HXFDO\SWXV��PXOWLÀRUD��DQG�
KRQH\GHZ� KRQH\V�� 6LJQL¿FDQW� GL൵HUHQFHV� ZHUH� IRXQG� ZLWK�$129$� WHVW�
IROORZHG� ZLWK� SDLU� ZLVH�FRPSDULVRQ�� +RQH\GHZ�� KHDWKHU�� DQG� FKHVWQXW�
KRQH\V�VKRZHG�VLJQL¿FDQWO\�KLJKHU�73&�DQG�7)&�FRQWHQW�WKDQ�RWKHU�W\SHV�
RI�KRQH\V�>��@�

%UD]LOLDQ�UHVHDUFKHUV�GHWHUPLQHG�WKH�DQWLR[LGDQW�FDSDFLWLHV�E\�'33+�DQG�
FRAP methods and total phenolic content in nectar and honeydew honeys. 
5HVXOWV� FRQ¿UPHG� WKH� VXSHULRU� DQWLR[LGDQW� TXDOLWLHV� RI� KRQH\GHZ� KRQH\V�
FRPSDUHG�WR�EORVVRP�KRQH\V��7KHUHIRUH��WKHVH�PHWKRGV�FDQ�EH�HOLJLEOH�IRU�
WKH�GL൵HUHQWLDWLRQ�EHWZHHQ�WKHVH�WZR�PDLQ�W\SHV�RI�KRQH\�>��@�

*�O� DQG� 3HKOLYDQ� >��@� VWXGLHG� ��� GL൵HUHQW� W\SHV� RI� KRQH\V� IRU� WKHLU�
DQWLR[LGDQW� DFWLYLWLHV� DQG� WRWDO� SKHQROLF� FRPSRXQGV� E\� )5$3� DQG�'33+�
PHWKRGV��73&�ZDV�KLJKHVW� IRU�FKHVWQXW��SDUVOH\��FDURE��DQG�UKRGRGHQGURQ�
KRQH\V�� ZKLOH� DFDFLD� DQG� PLQW� KRQH\V� VKRZHG� ORZHU� YDOXHV��$OO� UHVXOWV�
UHYHDOHG�VLJQL¿FDQW�GL൵HUHQFHV�DPRQJ�WKH�VDPSOHV�>��@�

0DXU\D� DQG� FR�ZRUNHUV� >��@� UHYLHZHG� WKH� DQWLR[LGDQW� SURSHUWLHV� RI�
KRQH\V�IURP�GL൵HUHQW�ERWDQLFDO�DQG�JHRJUDSKLFDO�RULJLQV��7KH\�UHSRUWHG�WKDW�
WRWDO�SKHQROLF�FRQWHQW�DQG�DQWLR[LGDQW�DFWLYLWLHV�E\�)5$3��25$&��'33+��
DQG�$%76�PHWKRGV�ZHUH�SRZHUIXO�WRROV�WR�GL൵HUHQWLDWH�KRQH\V�IURP�GL൵HUHQW�
ERWDQLFDO� VRXUFHV��7KH� DXWKRUV� DOVR� FRQFOXGHG� WKDW� WKHUH�ZHUH� GL൵HUHQFHV�
LQ�KRQH\V� IURP� WKH�VDPH�ÀRUDO� VRXUFHV�EXW�GL൵HUHQW�JHRJUDSKLFDO�RULJLQV��
7KHVH�GL൵HUHQFHV�PLJKW�EH�DWWULEXWHG�WR�FOLPDWH�DQG�HQYLURQPHQWDO�IDFWRUV��
VRLO��DQG�WKH�VXUURXQGLQJ�ÀRUD�>��@�

5HVXOWV�RI�UHVHDUFK�FDUULHG�RXW�LQ�+XQJDU\�ZHUH�LQ�DJUHHPHQW�ZLWK�WKHVH�
DERYHPHQWLRQHG� VWXGLHV� UHJDUGLQJ� WKH� UHODWLRQVKLSV� EHWZHHQ� DQWLR[LGDQW�
TXDOLWLHV� DQG� WKH� ERWDQLFDO� DQG� JHRJUDSKLFDO� RULJLQV�� ,Q� DQ� LQYHVWLJDWLRQ��
DQWLR[LGDQW�DFWLYLWLHV�DQG�73&�PHDVXUHG�E\�&835$&��)5$3�PHWKRGV�LQ����
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KRQH\V�ZHUH�GHWHUPLQHG�IURP�YDULRXV�ERWDQLFDO�DQG�JHRJUDSKLFDO�VRXUFHV��
$FDFLD�� FDQROD�� VLONJUDVV�� DQG� VXQÀRZHU� KRQH\V� UHDFKHG� WKH� ORZHVW� WRWDO�
SRO\SKHQRO� FRQFHQWUDWLRQ� DQG� DQWLR[LGDQW� DFWLYLWLHV�� PHDVXUHG� E\� )5$3�
method. With the same method, chestnut, pine, and honeydew honeys 
VKRZHG�KLJKHVW�VFRUHV�>������@�

,Q�DQRWKHU�VWXG\��FODVVL¿FDWLRQ�PRGHOV�ZHUH�EXLOW�EDVHG�RQ�S+��HOHFWULFDO�
FRQGXFWLYLW\�� FRORU�� DVK� FRQWHQW�� DQG�73&� RI� DFDFLD�� FKHVWQXW�� OLQGHQ�� DQG�
PXOWLÀRUD�KRQH\V��(YDOXDWLRQ�RI�WKH�VHW�RI�GDWD�E\�/'$�SURYLGHG�������DQG�
������UHFRJQLWLRQ�DQG�SUHGLFWLRQ�DELOLWLHV��UHVSHFWLYHO\�IRU�WKH�FODVVL¿FDWLRQ�
RI� KRQH\V� DFFRUGLQJ� WR� WKHLU� ERWDQLFDO� RULJLQ��0RGHOV� ZHUH� DOVR� EXLOW� IRU�
VDPSOHV�IURP�WKH�VDPH�ÀRUDO�VRXUFH�EXW�GL൵HUHQW�JHRJUDSKLFDO�]RQHV��5HVXOWV�
VKRZHG� WKDW� ����� FRUUHFW� FODVVL¿FDWLRQ� ZDV� REWDLQHG� LQ� FDVH� RI� FKHVWQXW�
KRQH\�IRU�GL൵HUHQW�WRSRJUDSKLFDO�VRXUFHV��ZKLOH�WKH�UHVXOWV�IRU�DFDFLD�KRQH\�
ZHUH� OHVV� FRQFOXVLYH� >��@�� 2WKHU� UHVHDUFKHUV� REWDLQHG� ORZHVW� DQWLR[LGDQW�
OHYHOV�IRU�DFDFLD�DQG�VLJQL¿FDQWO\�KLJKHU�YDOXHV�IRU�FKHVWQXW�KRQH\V�>�������
������@�

5.3.3 BOTANICAL ORIGIN: IDENTIFICATION BASED ON 
POLYPHENOLS AS FLORAL MARKERS

7KH�UHVHDUFK�VWXGLHV�GHDOLQJ�ZLWK�RULJLQ�DXWKHQWLFDWLRQ�EDVHG�RQ�LQGLYLGXDO�
SRO\SKHQRO�DV�D�PDUNHU�PROHFXOH�LQ�GLIIHUHQW�W\SHV�KRQH\V�DUH�SUHVHQWHG�LQ�
WKLV� VHFWLRQ�� ,GHQWLILFDWLRQ� DQG� TXDQWLILFDWLRQ� RI� WKHVH� FRPSRXQGV� UHTXLUH�
PRUH� FRPSOH[�� VWDWH�RI�WKH�DUW� WHFKQLTXHV�� W\SLFDOO\� FKURPDWRJUDSKLF�
methods with UV or MS or MSn detection.

$FFRUGLQJ�WR�6ORYHQLDQ�UHVHDUFKHUV��WHQ�ÀDYRQRLGV��VXFK�DV��P\ULFHWLQ��
apigenin, luteolin, naringenin, pinobaksin, quercetin, pinocembrin, kaemp-
IHURO��FKU\VLQ��JDODQJLQ��DQG�DEVFLVLF�DFLG� �SODQW�KRUPRQH��DQG� LWV�GHULYD-
WLYHV�ZHUH�GHWHUPLQHG�LQ�DFDFLD��OLQGHQ��FKHVWQXW��¿U��VSUXFH��KRQH\GHZ��DQG�
PXOWLÀRUD�KRQH\V�E\�OLTXLG�FKURPDWRJUDSK\��ZLWK�GLRGH�DUUD\�GHWHFWLRQ�DQG�
HOHFWURVSUD\�LRQL]DWLRQ��(6,��PDVV�VSHFWURPHWU\��$�/'$�ZDV�FRQGXFWHG�IRU�
pinobaksin, galangin, and the two abscisic acid components. Results showed 
WKDW�DFDFLD�DQG�OLQGHQ�KRQH\V�FRXOG�EH�FODVVL¿HG�FRUUHFWO\��ZKLOH�RWKHU�W\SHV�
VKRZHG�PLVFODVVL¿FDWLRQV��RYHUODSSLQJ�EHWZHHQ�HDFK�RWKHU��7KH�ÀDYRQRLG�
SUR¿OH�RI�GL൵HUHQW�KRQH\V�ZDV�QRW� IRXQG� WR�EH�VXLWDEOH� IRU� WKH� LGHQWL¿FD-
WLRQ�RI�ERWDQLFDO�RULJLQ�RI�WKH�VDPSOHV��DV�WKH\�ZHUH�QR�LGHQWL¿DEOH�PDUNHU�
PROHFXOHV�IRU�DQ\�RI�WKH�PRQRÀRUDO�KRQH\V�>��@�

6SDQLVK�UHVHDUFKHUV�TXDQWL¿HG�VRPH�SKHQROLF�FRPSRXQGV�DQG�ÀDYRQRLGV�
�VXFK�DV��P\ULFHWLQ��FD൵HLF�DFLG�SLQRFHPEULQ��KHVSHUHWLQ��QDULQJHQLQ��FKU\VLQ��
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NDHPSIHURO��TXHUFHWLQ��S�FRXPDULF�DFLG��DQG�JDODQJLQ��E\�+3/&�GLRGH�DUUD\�
GHWHFWRU��'$'��PHWKRG�IRU�IRXU�W\SHV�RI�KRQH\V��+HVSHUHWLQ�ZDV�GHWHFWHG�DV�
DQ�H[FOXVLYH�PDUNHU�PROHFXOH�IRU�FLWUXV�KRQH\V��3ULQFLSDO�FRPSRQHQW�HYDOX-
DWLRQ�VKRZHG�WKDW�NDHPSIHURO��FKU\VLQ��SLQRFHPEULQ��QDULQJHQLQ��DQG�FD൵HLF�
DFLG�FRQWHQW�RI�URVHPDU\�KRQH\V�FRQWULEXWHG�WR�D�VHSDUDWLRQ�RI� WKLV�KRQH\�
IURP�WKH�RWKHU�W\SHV��7KH�UHODWLYHO\�KLJKHU�FRQWHQW�RI�P\ULFHWLQ��TXHUFHWLQ��
S�FRXPDULF�DFLG�DQG�JDODQJLQLQ�KRQH\GHZ�KRQH\V�SURYLGHG�WKHLU�VHSDUDWLRQ�
IURP�URVHPDU\��FLWUXV��DQG�SRO\ÀRUDO�KRQH\V�>��@�

,Q�DQRWKHU�VWXG\��ÀDYRQRLG��DQG�SKHQROLF�FRPSRQHQWV�ZHUH�TXDQWL¿HG�E\�
+3/&�DQG�ZHUH�XVHG�VXFFHVVIXOO\�IRU�WKH�GLVWLQFWLRQ�RI�FLWUXV�KRQH\V��OHPRQ�
DQG�RUDQJH�EORVVRP�KRQH\��IURP�HDFK�RWKHU�XVLQJ�$129$�WHVW�DQG�3&$��
7KH�SUR¿OH�VKRZHG�WKDW�VLJQL¿FDQWO\�KLJKHU�YDOXHV�RI�OXWHROLQ��FD൵HLF�DFLG��
S�FRXPDULF�DFLG��SLQRFHPEULQ��QDULQJHQLQ��FKU\VLQ��NDHPSIHURO��TXHUFHWLQ��
JDODQJLQ�FRQWHQWV�LQ�OHPRQ�EORVVRP�KRQH\V��ZKLOH�QR�VLJQL¿FDQW�GL൵HUHQFHV�
ZHUH�IRXQG�LQ�KHVSHUHWLQ�FRQWHQW�>��@�

6RPH�LQFRQVLVWHQF\�LQ�WKH�OLWHUDWXUH�ZDV�IRXQG�UHJDUGLQJ�WKH�FRPSRXQGV�
EDVHG�RQ�PDUNHUV��+HVSHUHWLQ�ZDV�D�JRRG�PDUNHU�RI�FLWUXV�KRQH\V��KRZHYHU��
KHVSHUHWLQ�ZDV�DOVR�GHWHFWHG�LQ�HXFDO\SWXV��JHODP��DQG�ORWXV�KRQH\V�>��������
��@�� 6LPLODUO\�� QDULQJHQLQ�ZDV� VXJJHVWHG� DV� D�PDUNHU� IRU� ODYHQGHU� KRQH\�
�7DEOH������ LQ�¿U��KRQH\GHZ�� OLQGHQ�� UKRGRGHQGURQ�� URVHPDU\�� VSUXFH�� DQG�
7XDODQJ�KRQH\V�>�����������������@�

$Q�$OJHULDQ�VWXG\�FRQFOXGHG�WKDW�ÀDYRQRLGV�DQG�SKHQROLF�DFLGV�FDQ�EH�
XVHG�DV�ÀRUDO�PDUNHUV� WR�GL൵HUHQWLDWH�GL൵HUHQW� W\SHV�RI�KRQH\V��7KH�VWXG\�
DVVLJQHG�S�FRXPDULF�DQG�FD൵HLF�DFLGV�DV�PDUNHUV�IRU�Trifolium and Capparis 
KRQH\�>��@, KRZHYHU��WKHVH�FRPSRXQGV��HVSHFLDOO\�FD൵HLF�DFLG��LV�DOVR�SUHVHQW�
LQ�VHYHUDO�RWKHU�W\SHV�RI�KRQH\��7DEOH������

$FFRUGLQJ�WR�&KDQ�HW�DO��>��@��OXWHROLQ�FDQ�VHUYH�DV�D�PDUNHU�IRU�0DQXND�
(Leptoseprum scoparium honey). According to other research studies, 
JDODQJLQ�� DSLJHQLQNDHPSIHURO�� TXHUFHWLQ�� LVRUKDPQHWLQ�� DQG� HOODJLF� DFLGV�
ZHUH�DOVR�GHWHFWHG�LQ�0DQXND�KRQH\��7DEOH������

$XVWUDOLDQ�UHVHDUFKHUV�VWDWHG�WKDW�ÀDYRQRLGV�FRXOG�EH�XVHG�IRU�WKH�LGHQWL-
¿FDWLRQ�RI�WKH�RULJLQ�RI�KRQH\V�IURP�GL൵HUHQW�ERWDQLFDO�VRXUFHV��0RQRÀRUDO�
KRQH\V�KDYH�FKDUDFWHULVWLF�ÀDYRQRLG�SUR¿OHV��7KHUHIRUH��QRW�RQO\�TXDOLWDWLYH�
LGHQWL¿FDWLRQ��EXW�DOVR�TXDQWLWDWLYH�GLVFULPLQDWLRQ� LV� WKH�DQVZHU� IRU�RULJLQ�
GHWHUPLQDWLRQ��'L൵HUHQW�W\SHV�RI�PRQRÀRUDO�KRQH\V�PD\�FRQWDLQ�VDPH�W\SHV�
RI�ÀDYRQRLGV��EXW�WKHLU�GL൵HUHQW�FRQFHQWUDWLRQV�FDQ�EH�D�PDUNHU�WR�GL൵HUHQ-
WLDWH�YDULHWLHV�RI�KRQH\V��7KH\�DQDO\]HG�WHD�WUHH��FURZ�DVK��EUXVK�ER[��KHDWK��
DQG�VXQÀRZHU�KRQH\V��7KH�ÀDYRQRLG�SUR¿OH�ZDV�GHWHUPLQHG�E\�+3/&��DQG�
WKH�PHDQ�DQG�VWDQGDUG�GHYLDWLRQ�ZDV�FDOFXODWHG�IRU�HDFK�KRQH\�>��@�
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5HVHDUFK�JURXS�LQ�,QGLD�HYDOXDWHG�GL൵HUHQW�W\SHV�RI�PRQRÀRUDO�DQG�SRO\-
ÀRUDO�KRQH\V��3KHQROLF�FRPSRXQGV�ZLWK�WKHLU�H[DFW�DPRXQW�ZHUH�GHWHUPLQHG�
by liquid chromatography, with mass detection and ESI mass spectrometry 
WHFKQLTXH�DQG�3&$�ZDV�DSSOLHG�IRU�WKH�VWDWLVWLFDO�HYDOXDWLRQ��%DVHG�RQ�WKH�
SKHQROLF�FKDUDFWHULVWLFV��RQH�RI�WKH�PXOWLÀRUDO�KRQH\�IURP�%LOLJLUL�5DQJDQD�
+LOOV� �%5+��ZDV� FRPSOHWHO\� GLVWLQJXLVKHG� IURP� RWKHU� W\SHV�� (OODJLF� DFLG�
was considered as a marker molecule and this honey had the highest phenolic 
FRQWHQW��$QRWKHU�JURXS�RI�KRQH\V�ZDV�GL൵HUHQWLDWHG�GXH�WR�WKHLU�LQWHUPHGLDWH�
SKHQROLF�FRQWHQW��,Q�WKH�LQWHUPHGLDWH�FDVH��JLQJHURO�ZDV�IRXQG�DV�PDUNHU�LQ�
JLQJHU�KRQH\��KRPRYDQLOOLF�DFLG�IRU�QHHP�KRQH\�DQG�WULFHWLQ�IRU�HXFDO\SWXV�
KRQH\��/HPRQ��OLWFKL��DQG�DQRWKHU�SRO\ÀRUDO�KRQH\V�ZHUH�DOVR�VHSDUDWHG�DV�D�
JURXS��+HVSHUHWLQ�DQG�QDULQJHQLQ�ZHUH�PDUNHU�PROHFXOHV�IRU�OHPRQ�KRQH\��
ZKLOH�SURF\DQLGLQV�ZHUH�VSHFL¿F�IRU�OLWFKL�KRQH\�>��@�

2URLDQ� HW� DO�� >��@� VWXGLHG� SK\VLFRFKHPLFDO� SURSHUWLHV� �S+�� HOHFWULFDO�
FRQGXFWLYLW\��/DE�FRORU��WRWDO�VROXEOH�GU\�PDWWHU��DVK�FRQWHQW��ZDWHU�DFWLYLW\��
PRLVWXUH�FRQWHQW��DQG�SKHQROLF�FRPSRXQGV��ZLWK�+3/&�PHWKRG��LQ�GL൵HUHQW�
W\SHV�RI�KRQH\V��3&$�DQG�/'$�PRGHOV�ZHUH�XVHG�WR�GHWHUPLQH�WKH�ERWDQLFDO�
RULJLQ� RI� KRQH\V� �DFDFLD�� OLQGHQ�� KRQH\GHZ�� SRO\ÀRUDO�� DQG� VXQÀRZHU���
5HVXOWV�VKRZHG�WKDW�SKHQROLF�FRPSRQHQWV�PD\�SURYLGH�RQO\�D�OLWWOH�FKDQFH�IRU�
GL൵HUHQWLDWLRQ��ZKLOH�WKH�FRPELQDWLRQ�RI�SK\VLFRFKHPLFDO�SDUDPHWHUV�PD\�EH�
VXLWDEOH�IRU�WKH�LGHQWL¿FDWLRQ�RI�ERWDQLFDO�RULJLQ�RI�KRQH\V�>��@�

,Q�D�UHVHDUFK�E\�$XVWUDOLDQ�JURXS��GL൵HUHQWLDWLRQ�RI�PRQRÀRUDO�DQG�SRO\-
ÀRUDO�KRQH\V�ZHUH�EDVHG�RQ� WKH�SKHQROLF�FRPSRQHQWV�TXDQWL¿HG�E\�XOWUD�
KLJK�SHUIRUPDQFH� OLTXLG� FKURPDWRJUDSK\� �8+3/&��472)�06�� 0DQXND��
OHDWKHUZRRG��NDPDQKL�KRQH\V�ZHUH�VHSDUDWHG�IURP�HDFK�RWKHU�VXFFHVVIXOO\�
XVLQJ�3&$�DQDO\VLV�>��@�

5.3.4 GEOGRAPHICAL ORIGIN: IDENTIFICATION BASED ON 
POLYPHENOLS AS MARKERS

,Q�D�VWXG\�E\�&URDWLDQ� UHVHDUFKHUV�� IODYRQRLG�SURILOH�RI�DFDFLD�KRQH\�ZDV�
LQYHVWLJDWHG�ZLWK�+3/&�PHWKRG��5HVHDUFKHUV�VWDWHG�WKDW�IODYRQRLG�FRPSR-
QHQWV�FDQQRW�EH�XVHG�DV�IORUDO�PDUNHUV�IRU�DFDFLD�KRQH\��DV�WKH�TXDQWLW\�RI�
WKHVH�FRPSRQHQWV�KDG�ZLGH�YDULDWLRQ�LQ�WKH�VDPH�W\SH�RI�KRQH\��GXH�WR�GLYHUVH�
JHRJUDSKLFDO�RULJLQ�RI�WKH�VDPSOHV��5HVXOWV�VKRZHG�WKDW�FOLPDWLF�FRQGLWLRQV�
KDYH�D�VLJQLILFDQW�HIIHFW�RQ�WKH�IODYRQRLG�FRQWHQW�RI�KRQH\V��EHFDXVH�SODQWV�
SURGXFH�IODYRQRLGV�DJDLQVW�R[LGDWLYH�VWUHVV��7KHUHIRUH��IODYRQRLGV�DUH�PRUH�
OLNHO\�WR�EH�XVHG�IRU�JHRJUDSKLFDO�GLVFULPLQDWLRQ�RI�PRQRIORUDO�KRQH\V�>��@�
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$UJHQWLQLDQ� UHVHDUFKHUV� HYDOXDWHG� HXFDO\SWXV� DQG� ORWXV� KRQH\V� IURP�
GL൵HUHQW� JHRJUDSKLFDO� UHJLRQV� LQ�$UJHQWLQD�� )ODYRQRLG� FRPSRQHQWV� ZHUH�
TXDQWL¿HG� E\� +3/&� HTXLSSHG� ZLWK� D� 89� GHWHFWRU�� 7KHLU� UHVXOWV� VKRZHG�
that eucalyptus honey had higher quercetin and luteolin contents, and these 
WRJHWKHU�DFFRXQWLQJ�IRU�����RI�WKH�7)&��ZKLOH�ORWXV�KRQH\V�KDG�ORZHU�TXHU-
FHWLQ�DQG�OXWHROLQ�FRQWHQWV�WKDQ�HXFDO\SWXV�DQG�PL[HG��PXOWLÀRUDO��KRQH\V�
DQG�D�VLJQL¿FDQWO\�KLJKHU�P\ULFHWLQ�FRQWHQW��7KH�JHRJUDSKLFDO�RULJLQ�ZDV�D�
GHWHUPLQDQW�IDFWRU�LQ�WKH�DPRXQW�RI�GL൵HUHQW�ÀDYRQRLG�FRPSRXQGV�>��@�

5HVHDUFKHUV�LQ�$XVWULD�HYDOXDWHG����KRQH\V�IURP����GL൵HUHQW�JHRJUDSKLFDO�
]RQHV�E\�8+3/&�FRQQHFWHG�WR�TXDGUXSROH�WLPH�RI�ÀLJKW�PDVV�VSHFWURPHWHU�
�4�72)�06��ZLWK� (6,� WHFKQLTXH� �QHJDWLYH� HOHFWURVSUD\� LRQL]DWLRQ� �(6,±) 
DQG�SRVLWLYH�HOHFWURVSUD\�LRQL]DWLRQ��(6,�)). In the ESI±�PRGH��7XUNLVK��DQG�
6SDQLVK�KRQH\V�ZHUH�GLVFULPLQDWHG� IURP� WKH�RWKHUV��ZKLOH� WKLV� VHSDUDWLRQ�
ZDV�QRW�REWDLQHG� LQ�FDVH�RI�SRVLWLYH� LRQL]DWLRQ�� ,Q�DQRWKHU�PRGHO��KRQH\V�
IURP�1HZ�=HDODQG�DQG�$XVWUDOLD�ZHUH�DOVR�VHSDUDWHG�IURP�HDFK�RWKHU��7KHVH�
KRQH\V�KDG�DOVR�GL൵HUHQW�ERWDQLFDO�RULJLQV��DQG�VHSDUDWLRQ�DFFRUGLQJ�WR�WKH�
botanical origin was also detected. Results showed that climatic conditions 
KDYH�D�VLJQL¿FDQW�LPSDFW�RQ�WKH�SKHQROLF�FKDUDFWHULVWLFV�RI�KRQH\�>��@�

&KLQHVH� UHVHDUFKHUV� GHWHUPLQHG� WKH� SKHQROLF� SUR¿OH� RI� DFDFLD� KRQH\V�
IURP�VL[�GL൵HUHQW�JHRJUDSKLFDO�RULJLQV�E\�+3/&�HTXLSSHG�ZLWK�06�GHWHFWRU��
*HRJUDSKLFDO� RULJLQ�ZDV� D� GHWHUPLQDWLRQ� IDFWRU� LQ� WKH� SKHQROLF� SUR¿OH� RI�
KRQH\V� DQG� WKH� GL൵HUHQFHV� ZHUH� GHWHFWHG� XVLQJ� 'XQFDQ¶V� WHVW� DW� S������
VLJQL¿FDQFH�OHYHO��DFFRUGLQJ�WR�WKH�SODFHV�RI�FROOHFWLRQ�>��@�

*UHHN�LQYHVWLJDWRUV�HYDOXDWHG�GL൵HUHQW�KRQH\V�IURP�YDULRXV�JHRJUDSKLFDO�
UHJLRQV� LQ�*UHHFH��7KH\�DQDO\]HG�GL൵HUHQW�SKHQROV�DQG�ÀDYRQRLGV� LQ�KRQH\�
VDPSOHV� E\� +3/&� PHWKRG�� RQO\� LGHQWLI\LQJ� GL൵HUHQW� SK\WRFKHPLFDOV�� EXW�
ZLWKRXW�TXDQWLI\LQJ�WKHP��5HVXOWV�VKRZHG�WKDW�S�FRXPDULF��V\ULQJLF��YDQLOOLF�
DFLGV��JDODQJLQ��DQG�FKORURJHQLF�DFLG�LQ�KRQH\V�IURP�VRPH�JHRJUDSKLFDO�VRXUFHV�
ZHUH�QRW�GHWHFWHG��ZKLOH�WKHVH�FRPSRXQGV�ZHUH�IRXQG�LQ�KRQH\V�FROOHFWHG�IURP�
RWKHU�JHRJUDSKLFDO�VRXUFHV��7KH�UHVXOWV�SRUWUD\�WKDW�JHRJUDSKLFDO�RULJLQ�FDQ�EH�
D�GHFLVLYH�IDFWRU��HVSHFLDOO\�LQ�KRQH\�IURP�WKH�VDPH�ERWDQLFDO�VRXUFH�>��@�

6HUELDQ�UHVHDUFKHUV�HYDOXDWHG�SKHQROLF�SUR¿OH�E\�8+3/&�FRXSOHG�ZLWK�
K\EULG� PDVV� VSHFWURPHWU\� IRU� SRO\ÀRUDO� KRQH\V� IURP� ¿YH� JHRJUDSKLFDO�
RULJLQV��)RU�WKH�VWDWLVWLFDO�HYDOXDWLRQ�RI�WKH�TXDQWLWLHV�RI�GL൵HUHQW�SKHQROLF�
compounds, partial least squares discriminant analysis (PLS-DA) method, 
ZKLFK�VKRZHG�VLJQL¿FDQW�VHSDUDWLRQ�RI�WZR�JHRJUDSKLFDO�JURXSV��ZKLOH�WKH�
RWKHU�WKUHH�JURXSV�FRXOG�QRW�EH�GLVWLQJXLVKHG�>��@�

$� XQLTXH� SRO\SKHQRO�� DFDFHWLQ�� ZDV� LGHQWL¿HG� DV� D� FRPSRXQG� SUHVHQW�
H[FOXVLYHO\� LQ� DFDFLD�KRQH\� VDPSOHV� FROOHFWHG� LQ�5RPDQLD��)RU� WKH�TXDQ-
WL¿FDWLRQ� RI� DFDFHWLQ� DQG� RWKHU� SRO\SKHQROV�� /&�06� WHFKQLTXH�ZDV� XVHG��
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2WKHU�SKHQROLF�FRPSRXQGV��VXFK�DV��S�K\GUR[\EHQ]RLF�DFLG��YDQLOOLF�DFLG��
S�FRXPDULF�DFLG��FLQQDPLF�DFLG��DQG�ÀDYRQRLGV��VXFK�DV��DSLJHQLQ��NDHPS-
IHURO��SLQRFHPEULQ��DQG�FKU\VLQ��ZHUH�GHWHFWHG�LQ�WKH�DFDFLD�KRQH\V�>��@.

5.3.5 SUMMARY FOR MARKERS AND ORIGIN IDENTIFICATION

5.3.5.1 MARKER MOLECULES

+HVSHUHWLQ� LV� JHQHUDOO\� UHFRJQL]HG� DV� PDUNHU� PROHFXOH� IRU� OHPRQ� DQG�
FLWUXV�KRQH\V� >�����������������@��7KH�S�FRXPDULF�DFLG�DQG�FDIIHLF�DFLGV�
FDQ�EH�XVHG�DV�PDUNHUV�IRU�Trifolium and Capparis�KRQH\V�>��@��,Q�DQRWKHU�
VWXG\��HOODJLF�DFLG�ZDV�FRQVLGHUHG�PDUNHU�RI�KHDWKHU�KRQH\�>�@��NDHPSIHURO�
IRU�URVHPDU\�KRQH\�>�@��TXHUFHWLQ�IRU�VXQIORZHU�KRQH\��S�FRXPDULF�DFLG��
IHUXOLF� DFLG�� DQG� FDIIHLF� DFLG� IRU� FKHVWQXW� KRQH\� >�@�� KRPRJHQWLVLF� DFLG�
IRU�VWUDZEHUU\�WUHH�KRQH\�>��@��JDOOLF�DFLG�IRU�HXFDO\SWXV�KRQH\�>��@��DQG�
OXWHROLQ�IRU�PDQXND�KRQH\�>��@��0HWK\O�V\ULQJDWH�LV�FRQVLGHUHG�DV�D�PDUNHU�
IRU�DVSKRGHO�KRQH\�>��@�

5.3.5.2 PERSPECTIVES OF ORIGIN: IDENTIFICATION BASED ON 
POLYPHENOL MARKERS

3KHQROLF�DFLGV�DQG�IODYRQRLG�FRPSRQHQWV�FDQ�EH�XVHG�IRU�WKH�LGHQWLILFDWLRQ�
RI�ERWDQLFDO� >��� ��� ���� ���� ��������������@� DQG�JHRJUDSKLFDO� >������������
������@�RULJLQV�RI�KRQH\��)RU�WKH�HYDOXDWLRQ�RI�TXDQWLWDWLYH�GDWD��XVXDOO\��
3&$� DQG� GLVFULPLQDQW� DQDO\VLV� �OLQHDU�� FDQRQLFDO�� DUH� XVHG� >���� ���� ����
������@��EXW�VLJQLILFDQW�GLIIHUHQFHV�FDQ�DOVR�EH�GHWHFWHG�IRU�WKH�LQGLYLGXDO�
FRPSRQHQWV�>������@�

%DVHG�RQ�WKH�OLWHUDWXUH�UHYLHZ��SKHQROLF�FRPSRXQGV�FDQ�EH�XVHG�IRU�WKH�
GHWHFWLRQ�RI�WKH�ERWDQLFDO�RULJLQ�RI�KRQH\V�IURP�WKH�VDPH�ERWDQLFDO�W\SH�GR�
QRW�KDYH�KLJK�YDULDELOLW\�LQ�WKH�DPRXQW�RI�ELR�FRPSRQHQWV��7KH�TXDOLWDWLYH�
GHWHUPLQDWLRQ�RI�WKHVH�FRPSRQHQWV�LV�SUREDEO\�QRW�VX൶FLHQW�IRU�WKH�GL൵HU-
HQWLDWLRQ�RI�KRQH\V��DV�WKHVH�PLJKW�FRQWDLQ�WKH�VDPH�ÀDYRQRLGV�DQG�SKHQROLF�
DFLGV��7KHUHIRUH��WKH�TXDQWLWDWLYH�GHWHUPLQDWLRQ�KDV�D�KLJK�LPSRUWDQFH�LQ�WKH�
LGHQWL¿FDWLRQ�RI�RULJLQ�

:LWK� UHJDUGV� WR� JHRJUDSKLFDO� RULJLQ�� SKHQROLF� SUR¿OH� RI� KRQH\V� IURP�
GL൵HUHQW�]RQHV�FDQ�KDYH�GL൵HUHQWLDWLQJ�YDOXHV�EDVHG�RQ�WKH�IDFW�WKDW�FOLPDWLF�
FRQGLWLRQV�RU�VRLO�FRXOG�EH�D�GHWHUPLQLQJ�IDFWRU�GXH�WR�UHVSRQVH�RI�SODQWV�WR�
R[LGDWLYH�VWUHVV�
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6RPH�PROHFXOHV�FDQ�EH�GRPLQDQW�LQ�VRPH�W\SHV�RI�KRQH\V��WKXV�TXDOLI\LQJ�
WKHP�DV�SRWHQWLDO�PDUNHU�PROHFXOHV��'L൵HUHQW�SKHQROLF�DFLGV�DQG�ÀDYRQRLGV�
DUH� SUHVHQW� LQ� VHYHUDO� W\SHV� RI� KRQH\V�� &KU\VLQ�� OXWHROLQ�� SLQRFHPEULQ��
TXHUFHWLQ�� OXWHROLQ�� DSLJHQLQ�� JDODQJLQ�� NDHPSIHURO��P\ULFHWLQ�� QDULQJHQLQ��
DQG� SLQREDQNVLQ� ZHUH� GHWHFWHG� LQ� PRUH� WKDQ� ��� PRQRÀRUDO� W\SHV��$OVR��
V\ULQJLF�DFLG����K\GUR[\�EHQ]RLF�DFLG��YDQLOOLF�DFLG��S�FRXPDULF�DFLG��JDOOLF�
DFLG��FD൵HLF�DFLG��DQG�IHUXOLF�DFLG�ZHUH�GHWHFWHG�LQ�PRUH�WKDQ����KRQH\V�IURP�
YDULRXV� ERWDQLFDO� RULJLQV��7KHUHIRUH�� WKHVH� DUH� QRW� UHDO� TXDOLWDWLYH�PDUNHU�
PROHFXOHV�� DQG� WKHLU� TXDQWLWDWLYH�GHWHUPLQDWLRQ�PLJKW� EH� D� XQLTXH� WRRO� WR�
GL൵HUHQWLDWH�KRQH\V�IURP�GL൵HUHQW�ERWDQLFDO�DQG�JHRJUDSKLFDO�RULJLQV�

5.4 SUMMARY

'HSHQGLQJ�RQ�WKHLU�RULJLQ��KRQH\V�KDYH�UHPDUNDEOH�DQWLR[LGDQW�SURSHUWLHV��
)RU�H[DPSOH�� OLJKWHU�KRQH\V� VKRZ�JHQHUDOO\� ORZHU�DQWLR[LGDQW� OHYHOV� WKDQ�
the darker ones. Widely known spectrophotometric in vitro�DVVD\V�KDYH�EHHQ�
HPSOR\HG�WR�GHWHUPLQH�JOREDO�$2&��WRWDO�SKHQROLF�RU�IODYRQRLG�FRQWHQW�RI�
honeys. It can be concluded that antioxidant assays are noteworthy tools in the 
LGHQWLILFDWLRQ�DQG�GLIIHUHQWLDWLRQ�RI�KRQH\V�EHORQJLQJ�WR�GLIIHUHQW�ERWDQLFDO�
VRXUFHV��0RUHRYHU�� LI� WKHVH�PHWKRGV� DUH� FRPELQHG�ZLWK� URXWLQH� SK\VLFR-
FKHPLFDO� SDUDPHWHUV�� WKH\� FDQ� IXUWKHU� LPSURYH� WKH� LGHQWLILFDWLRQ� FDSDFLW\�
RI� WKHVH� WHFKQLTXHV��&RPSOH[�VWDWLVWLFDO�DQDO\VLV�RI� WKH�GDWD� �L�H���DSSOLFD-
WLRQ�RI�FKHPRPHWULF�PHWKRGV� LQFOXGLQJ�FODVVLILFDWLRQ��SDWWHUQ� UHFRJQLWLRQ��
FOXVWHULQJ�� DUH� LQGLVSHQVDEOH� LQ� WKH� LQWHUSUHWDWLRQ� RI� VXFK� GDWD� VHWV��0RUH�
FRPSOH[� DQDO\WLFDO� WHFKQLTXHV� KDYH� EHHQ� HPSOR\HG� GXULQJ� LGHQWLILFDWLRQ�
DQG�TXDQWLILFDWLRQ�RI� LQGLYLGXDO�SKHQROLF�FRPSRXQGV� LQ�KRQH\��$FFRUGLQJ�
WR�VHYHUDO�VWXGLHV��VRPH�SKHQROLF�DFLGV�RU�IODYRQRLGV�FRXOG�VHUYH�DV�PDUNHU�
PROHFXOHV�IRU�PDQ\�W\SHV�RI�KRQH\��7KH�SUHVHQFH�DQG�WKH�DPRXQW�RI�WKHVH�
components are highly dependent on the botanical and geographical origins.
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PREPARATION AND HEALTH 
BENEFITS OF RICE BEVERAGES FROM 
ETHNOMEDICINAL PLANTS: CASE 
STUDY IN NORTH-EAST OF INDIA

VEDANT VIKROM BORAH, MAHUA GUPTA CHOUDHURY, and 
PROBIN PHANJOM

CHAPTER 6

ABSTRACT

,Q�1RUWK�(DVWHUQ�UHJLRQ�RI�,QGLD��GLIIHUHQW�LQGLJHQRXV�WULEHV�DQG�FRPPXQL-
WLHV� XVH� GLIIHUHQW�PHWKRGV� IRU� SUHSDUDWLRQ� RI� IHUPHQWDWLRQ� EHYHUDJH� IURP�
HWKQRPHGLFLQDO�SODQWV��7KH�IHHGVWRFN�LV�SUHSDUHG�E\�PL[LQJ�GLIIHUHQW�SDUWV�
RI�YDULRXV�VSHFLHV�RI�SODQWV�DQG�KHUEV��ZKLFK�PD\�RIIHU�VRPH�KHDOWK�EHQHILWV��
7KH�GLIIHUHQW�W\SHV�RI�PLFURELDO�FRQVRUWLD��VWDUWHU�FXOWXUH��DORQJ�ZLWK�IHHG-
VWRFN��ZKLFK� LV�NQRZQ�DV�VWDUWHU�FXOWXUH�FDNH��DUH�XVHG�IRU�SUHSDUDWLRQ�RI�
IHUPHQWHG�DOFRKROLF�EHYHUDJHV��%HLQJ�SDUW�RI�WKH�VRFLR�FXOWXUDO�OLIH��ULFH�EHHU�
LV�HIIHFWLYH�DJDLQVW�DPRHELDVLV��DFLGLW\��YRPLWLQJ��DQG�LW�KHOSV�LQ�FKROHVWHURO�
UHGXFWLRQ��HQGRFULQH�IXQFWLRQ��)XUWKHUPRUH��LW�DOWHUV�DQG�PDLQWDLQV�WKH�JXW�
PLFURIORUD��7KLV�FKDSWHU�GLVFXVVHV�GLIIHUHQW� W\SHV�RI� IHUPHQWHG�EHYHUDJHV��
SUHSDUDWLRQ�PHWKRGRORJLHV��TXDOLWDWLYH�SDUDPHWHUV�DQG�WKHLU�KHDOWK�EHQHILWV�

6.1 INTRODUCTION

7KH�1RUWK�(DVWHUQ� UHJLRQ�RI� ,QGLD� LV� D� SDUW� RI� ,QGR�0DOD\DQ�ELRGLYHUVLW\�
FRYHULQJ�QHDUO\� ��������NP2� >��@��%DVHG�RQ� FRPSRVLWLRQ�RI� IORUD� DQG� LWV�
ORFDO�FOLPDWH�>��@�� LW�HQFRPSDVVHV�D�VL]HDEOH�HWKQLF�SRSXODWLRQ�RI�DERXW���
PLOOLRQ�ZLWK�LWV�HLJKW�VLVWHU�VWDWHV�>��@��'XH�WR�KLJK�GHJUHH�RI�SUHFLSLWDWLRQ��
Arunachal Pradesh (3000 mm) and Sikkim (5000 mm) are considered part 
RI�(DVWHUQ�+LPDOD\DV��1RUWK�(DVWHUQ�UHJLRQ�RI�,QGLD�HPEUDFHV�HLJKW�VWDWHV��
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H�J���0DQLSXU��1DJDODQG��$VVDP��0HJKDOD\D��0L]RUDP��$UXQDFKDO�3UDGHVK��
6LNNLP��DQG�7ULSXUD� �)LJXUH������ >��@��7KHVH�HLJKW�VWDWHV�DUH� LQKDELWHG�E\�
GLIIHUHQW� LQGLJHQRXV� WULEHV��ZKR�KDYH�XQLTXH�DQG�VSHFLILF�GLDOHFWV��DWWLUHV��
ULWXDOV��DQG�OLYLQJ�KDELWDWV�>��@�

(WKQRERWDQ\� LV� WKH� VWXG\� RI� SODQWV� DQG� WKHLU� WUDGLWLRQDO� SUDFWLFHV� DQG�
FXVWRPV� IRFXVLQJ� RQ� DYDLODELOLW\�� XVH�� DQG� PHGLFLQDO� SURSHUWLHV� RI� ORFDO�
SODQWV�>�����@��7KH�GL൵HUHQW� WULEHV�KDYH�WKHLU�RZQ�XQLTXH�FXOWXUDO�KHULWDJH�
DQG�DUH� DOVR� ULFK�ZLWK�YDULHW\�RI�SODQW�KDELWDWV��:LWKRXW�PRGHUQ� IDFLOLWLHV�
in these regions, the tribal communities are compelled to depend on natural 
UHVRXUFHV�IRU�WKHLU�SULPDU\�KHDOWKFDUH�DQG�DOVR�IRU�SUHSDULQJ�GL൵HUHQW�NLQGV�
RI�HFRQRPLFDOO\�YLDEOH�SODQW�EDVHG�SURGXFWV�>��@�

7UDGLWLRQDO�PHGLFLQH� LQFOXGHV�NQRZOHGJH�� VNLOOV�� DQG�SUDFWLFHV� WKDW�DUH�
EDVHG�RQ�WKHRULHV��EHOLHIV��DQG�SUDFWLFDO�H[SHULHQFH�LQ�LQGLJHQRXV�GL൵HUHQW�
FXOWXUHV�� DQG� LV� XVHG� LQ� WKH�PDLQWHQDQFH� RI� KHDOWK� DQG� LQ� WKH� SUHYHQWLRQ��
GLDJQRVLV�RU�WUHDWPHQW�RI�SK\VLFDO�DQG�PHQWDO�LOOQHVV�>��������@�

7UDGLWLRQDO�PHGLFLQH� LV�JDLQLQJ� LPSRUWDQFH� LQ�1RUWK�(DVWHUQ� UHJLRQ�RI�
,QGLD�IRU�XVH�RI�WUDGLWLRQDO�SODQWV��ZKLFK�DUH�FROOHFWHG�IURP�QDWXUDO�HFRV\V-
WHPV� DQG� HWKQLF� ODQGVFDSHV� >��� ���� ���� ���� ��@��7KH�PHGLFLQDO� SODQWV� DUH�
ZHOO�NQRZQ�WR�DFW�DV�¿JKWLQJ�DJHQWV�DJDLQVW�YDULRXV�GLVHDVHV��$ERXW����SODQW�
VSHFLHV�KDYH�EHHQ�XVHG�WR�WUHDW�YDULRXV�DLOPHQWV�E\�WULEHV�LQ�1RUWK�(DVWHUQ�
UHJLRQ�RI�,QGLD�>������@�

0HJKDOD\D�VWDWH�LV�YHU\�ULFK�LQ�QDWXUDO�UHVRXUFHV��VXFK�DV��ZDWHU�ERGLHV��
IRUHVWV��DQG�PLQHUDOV��'XH� WR�GLYHUVH�FOLPDWLF�DQG� WRSRJUDSKLF�FRQGLWLRQV��
WKLV� VWDWH� FDQ� VXVWDLQ� D� YDVW� ÀRUDO� GLYHUVLW\� >���� ��@�� ZKLFK� KDV� EHFRPH�
DQ� LPSRUWDQW� VHJPHQW� IRU� WKH� LQGLJHQRXV� WULEHV��7KH� WULEHV� RI�0HJKDOD\D�
�.KDVL�� -DLQWLD�� DQG�*DUR��HQFRXQWHU�GLYHUVLW\�RI�PHGLFLQDO�SODQWV� LQ� WKHLU�
QDWLYH�DUHD�IRU�XVH�LQ�GDLO\�OLIH��:KHUHDV��WKH�1DJD�WULEDO�FRPPXQLW\�LV�WKH�
PRVW� ELR�GLYHUVH� EHFDXVH� RI� YDU\LQJ� DOWLWXGHV�� WRSRJUDSK\�� VRLO� W\SHV� DQG�
ZHDWKHU�FRQGLWLRQV��7KH�1DJDODQG�WULEHV�WDNH�JRRG�FDUH�RI�IDXQD�DQG�SURWHFW�
LW�ZLWK�KHDUW�DQG�VRXO��7KH�WULEHV�RI�1DJDODQG�DOVR�KHOS�WR�DYRLG�H[WLQFWLRQ�RI�
WKHVH�SODQWV�EHFDXVH�RI�LQGLJHQRXV�UXOHV�>��@�

$VVDP�KDV�ULFK�ELRGLYHUVLW\�RI�KHUEDO�PHGLFLQDO�SODQWV��ZKLFK�DUH�XVHG�
LQ�D�YDULHW\�RI�ZD\V� LQ�GDLO\� OLIH� IRU�KHDOWK�FDUH� >������@�� ,Q� WKH� VRXWKHUQ�
SDUW�RI�1RUWK�(DVWHUQ�UHJLRQ��7ULSXUD�KDV�D�ULFK�KHULWDJH�RI�PHGLFLQDO�SODQWV��
ZLWK� NQRZOHGJH� UDQJLQJ� IURP� FRPPRQ� KRXVHKROG� WKHUDS\� WR� VSHFLDOL]HG�
WUHDWPHQW�E\� WUDGLWLRQDO�KHDOHUV� >��@��7KH� WULEHV� LQ�$UXQDFKDO�3UDGHVK�XVH�
HWKQRPHGLFLQDO�SODQWV�IRU�GLYHUVH�WUHDWPHQWV��GHSHQGLQJ�RQ�DYDLODELOLW\�DQG�
SUHVHQFH�RI�H[SHUWV�NQRZQ�DV�0LUL�$EX�>��@�

7KH�0DQLSXU�VWDWH�KDV�DQ�,PSKDO�9DOOH\�WKDW�LV�RFFXSLHG�E\����GL൵HUHQW�
WULEHV�RI�.XNL�DQG�1DJDV��7KLV�VWDWH�KDV�DERXW�����RI�WKH�WRWDO�ELRGLYHUVLW\�
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LQ�,QGLD�DQG�KHQFH�FRQWULEXWHV�WR����RI�WKH�WRWDO�JHRJUDSKLFDO�DUHD�RI�,QGLD��
(DVWHUQ�+LPDOD\DV�LQ�6LNNLP�SRVVHVV�ZLGH�UDQJH�RI�XQLTXH�HQGHPLF�PHGLFLQDO�
SODQWV��FRQWDLQLQJ�P\ULDG�UHVRXUFHV��VXFK�DV��WLPEHU��¿EHUV��PHGLFLQDO��DQG�
HGLEOH�SODQWV�>��@��%HVLGH�WKH�XVH�RI�SODQW�KDELWDW�DV�IRON�PHGLFLQH��HWKQLF��
DQG�WULEDO�FRPPXQLWLHV�XVH�VHYHUDO�SODQW�VSHFLHV�IRU�SUHSDUDWLRQ�RI�DOFRKROLF�
EHYHUDJHV�WKURXJK�IHUPHQWDWLRQ�URXWH�

7KH� ZRUG� ³IHUPHQWDWLRQ´� LV� GUDZQ� IURP� WKH� /DWLQ� ZRUG� µfervere�¶�
)HUPHQWDWLRQ� UHIHUV� WR� WKH� XVH� RI� \HDVW� XQGHU� DQDHURELF� FRQGLWLRQV� IRU�
SURGXFWLRQ�RI�DOFRKROLF�IURP�WKH�H[WUDFWV�RI�IUXLW�RU�PDOWHG�JUDLQ��6WDUWHU�
FXOWXUH�GXULQJ�WKH�SURGXFWLRQ�RI�DOFRKROLF�EHYHUDJHV�\LHOGV�LQ�XQLTXH�WDVWH�
DQG�DURPD�>������@��,W�LPSURYHV�GLJHVWLELOLW\�RI�SURGXFWV��SURGXFHV�RUJDQLF�
DFLGV�� UHGXFHV� DOOHUJHQLF� DFWLYLW\�� HQULFKPHQW� RI� QXWULWLRQDO� FRQVWLWXHQWV��
DQG� UHGXFWLRQ� LQ� GXUDWLRQ� RI� FRRNLQJ� GXH� WR� WKH� SUHVHQFH� RI� LPSRUWDQW�
SK\WRFKHPLFDOV�>��@�

3RSXODWLRQ�RXWVLGH�RI�1RUWK�(DVWHUQ�UHJLRQ�RI�,QGLD�KDV�YHU\�OLPLWHG�LGHD�
RQ�WKH�GLYHUVLW\�RI�IHUPHQWHG�DQG�QRQ�IHUPHQWHG�HWKQLF�DOFRKROLF�EHYHUDJHV�
DQG�IRRG�SURGXFWV�>��@��1RUWK�(DVWHUQ�,QGLDQ�SHRSOH�KDYH�EHHQ�FRQVXPLQJ�
IHUPHQWHG� IRRGV� DQG� DOFRKROLF� EHYHUDJHV� IRU� PRUH� WKDQ� ����� \HDUV�� 7KH�
IHUPHQWHG� IRRGV� DQG� DOFRKROLF� EHYHUDJHV� LQ�1RUWK�(DVW� ,QGLD� DUH� UHJLRQ�
VSHFL¿F� >��@�� ZLWK� XQLTXH� VXEVWUDWHV� �IHHGVWRFN�� DQG� VSHFL¿F� SUHSDUDWLRQ�
PHWKRGRORJLHV��7KH� WULEDO� IHPDOHV�HQJDJH� LQ� WKH�SUHSDUDWLRQ�RI� IHUPHQWHG�
IRRGV� WKDW� DUH� VROG� ZLWKLQ� 1RUWK�(DVW� ,QGLD� >��@�� 3ODQW�EDVHG� IHUPHQWHG�
IRRGV�LQ�1RUWK�(DVW�,QGLD�DUH�FODVVL¿HG�LQWR�>��@�

• Fermented soybean products (hawaijar, aakhone, tungrymbai, peruyyan, 
bekantha, kinema) and non-soybean legume products (maseura, jalebi, 
KDNXD��

• )HUPHQWHG�YHJHWDEOH�SURGXFWV��LQ]LDQJ�GXL��JR\DQJ��VLQNL��JXQGUXN��
NKDOSL��DQLVKL��DQG�LQ]LDQJ�VDQJ��

• %DPERR�VKRRW�IRRGV��VRLEXP��PHVX��VLRGRQ��VRLMLP��HNXQJ��LNX��KLNNX��
hirring, hitch, hitak, eup, hi, nogom, ipe, lung-siej, bastanga, tuaithur, 
WXDLURL��PL\DPLNKUL��

• )HUPHQWHG� SXOVH� IRRGV� DQG� FHUHDO� SURGXFWV� �FKLOUD�� WXQ�JU\PEDL��
EKDWRRWX��NLQHPD��DQG�PDUFKX��

• )HUPHQWHG� VPRNHG� ILVK� SURGXFWV� �D\DLED�� QJDUL�� WXQJWDS�� NDUDWL��
ERUGLD��ODVKLP��PLR��QDDNDQJED��DQG�KHQWDN��

• 3UHVHUYHG�PHDW�SURGXFWV��EDJMLQDP��KRQRKHLQ�JUDLQ��PRJRQJ�JUDLQ��
• %HYHUDJHV�PDGH�IURP�PLON��ODVVL��NDGL��JKHX��FKKXUSL��QXGX��DQG�FKXUSD��
• 0L[HG�DP\ORO\WLF�VWDUWHUV�PDGH�IURP�QRQ�IRRG�LWHPV��KDPHL��KXPDR��

QGXKL��WKLDW��SKDP��NKHNKULL��
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• $OFRKROLF�EHYHUDJHV��JKDQWL��MDQQ��GDUX��DWLQJED��\X��MRX��]XWKR��]KXFKX��
GXL]RX�� QFKLDQJQH�� UXKL��PDGKX�� GHNXLMDR�� DSRQJ�� SRQJD�� HQQRJ�� RK��
NLDG�OLHK��MXGLPD��MXKDUR��]X��

9DULRXV�IHUPHQWHG�DOFRKROLF�EHYHUDJHV�DUH�EHLQJ�XVHG�E\�GL൵HUHQW�WULEHV�
RI�1RUWK�(DVW�,QGLD��5LFH�EHHU�LV�DQ�LQWHJUDO�SDUW�RI�PDQ\�ORFDO�WULEHV�DQG�LV�
NQRZQ�LQ�GL൵HUHQW�QDPHV�LQ�GL൵HUHQW�SODFHV�>������@��7KH�HWKQLF�FRPPXQL-
WLHV� LQ�0DR�1DJD� WULEH�RI�1DJDODQG�SUHSDUH�D�GRPHVWLF�DOFRKROLF�SURGXFW�
PDGH�IURP�ULFH��L�H���]KXFKX�]XWKR�>��@��7KH�-DLQWLD�WULEHV�LQ�0HJKDOD\D�VWDWH�
SUHSDUH�NLDG�IURP�ULFH�>������@��$QRWKHU�DOFRKROLF�EHYHUDJH�� L�H���DSRQJ�LV�
XVHG�LQ�$UXQDFKDO�3UDGHVK�VWDWH�>���@��7KH�$KRPV�WULEH�RI�$VVDP�SUHSDUHV�
[DMSDQL��ZKLFK�LV�D�IRUP�RI�ULFH�EHHU�>��@��-XGLPD��D�EHYHUDJH�PDGH�IURP�
ULFH��LV�SUHSDUHG�E\�'LPDVD�WULEH�LQ�$VVDP�>��@�

.RGR�NR�MDDQU�RU�FK\DQJ�RU�FKHH�LV�SUHSDUHG�DQG�FRQVXPHG�E\�WULEHV�RI�
%KXWLD��0RQSD��*RUNKD��/HSFKD��DQG�PDQ\�HWKQLF�JURXSV��,W�LV�PDGH�IURP�
D�VSHFL¿F�¿QJHU�PLOOHW�KDYLQJ�D�VZHHW�VRXU�DQG�DFLGLF�WDVWH��7KLV�DOFRKROLF�
EHYHUDJH�KDV�DQ�LQWHJUDO�UROH�LQ�WKH�UHOLJLRXV�EHOLHIV�DQG�DOVR�LQ�WKH�GLHWDU\�
FXOWXUH�RI�WKHVH�WULEHV�>������@��$�VWDSOH�IHUPHQWHG�ULFH�EHYHUDJH�SUHSDUHG�E\�
WKH�*RUNKD�LV�EKDDWL�MDDQU�>������@�

(DFK� WULEH� SUHSDUHV� LWV� DOFRKROLF� EHYHUDJH� E\� D� XQLTXH� VWDUWHU� FXOWXUH�
FDNH��ZKLFK�LV�PDGH�E\�PL[LQJ�GL൵HUHQW�SDUWV�RI�YDULRXV�SODQW�VSHFLHV��7KH�
VWDUWHU�FXOWXUH�FDNH�FDQ�EH�VWRUHG�IRU�ORQJHU�GXUDWLRQ��L�H���IRU�VHYHUDO�PRQWKV��
7KH�SURFHVV�LV�FDUULHG�RXW�LQ�HDUWKHQ�SRWV�DW����&�DQG�WDNHV�DERXW��±��GD\V�WR�
FRPSOHWH��7KH�SURFHVV�RI�IHUPHQWDWLRQ�E\�GL൵HUHQW�WULEHV�LV�DOPRVW�WKH�VDPH��
H[FHSW�WKH�GL൵HUHQFH�LQ�VWDUWHU�FXOWXUH�FDNH�>��@�

)ROORZLQJ�W\SHV�SODQWV�DUH�XVHG�IRU�WKH�SUHSDUDWLRQ�RI�ULFH�EHHU�E\�WKH�WULEHV�

• Albizia myriophylla,�LV�XVHG�E\�WKH�0DLWHLV�WULEHV�LQ�0DQLSXU�>��@�
• Amomum aromaticum�LV�XVHG�E\�WKH�-DLQWLD�WULEH�LQ�0HJKDOD\D�>��@�
• Plumbago zeylanica, Buddleja asiatica, Vernonia cinerea, and 

Gingiber officinale are used by Lepcha, Bhutia, and Nepale tribes in 
6LNNLP�>���@�

• Glycyrrhiza glabraLV�XVHG�E\�WKH�'LPDVDV�WULEH�LQ�$VVDP�>��@�
• Ananas comosus, Artocarpus heterophyllus, Calotropis gigantea, 

Capsicum frutescens��HWF���DUH�XVHG�E\�WKH�5DEKD�WULEH�LQ�$VVDP�>��@�
DQG�VSURXWHG� ULFH�JUDLQV�E\�$QJDPLV� WULEH� LQ� WKH�VWDWH�RI�1DJDODQG�
>����������@�

7KLV� FKDSWHU� IRFXVHV�RQ�GL൵HUHQW�PHGLFLQDO� SODQWV� LQ�1RUWK�(DVW� ,QGLD�
DQG�WKHLU�ZD\�RI�XVLQJ�RI�WKHVH�SODQWV�IRU�WKH�SUHSDUDWLRQ�RI�HWKQLF�DOFRKROLF�
EHYHUDJHV��ULFH�EHHU���7KH�FKDSWHU�DOVR� LQFOXGHV�GLVFXVVLRQV�RQ�QXWULWLRQDO�
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168 Plant-Based Functional Foods and Phytochemicals

EHQH¿WV� UHODWHG�ZLWK� FRQVXPSWLRQ�RI� GL൵HUHQW� W\SHV�RI� ULFH�EHHUV� WKDW� DUH�
SUHSDUHG�IURP�GL൵HUHQW�SODQWV�LQ�1RUWK�(DVW�,QGLD�

6.2 TYPES OF ALCOHOLIC BEVERAGES IN NORTH EASTERN 
REGION OF INDIA

7KH�FRQVXPSWLRQ�RI�GLIIHUHQW�DOFRKROLF�EHYHUDJHV�E\�GLIIHUHQW�WULEDO�SRSX-
ODWLRQV� RI� WKHVH� UHJLRQV�� LV� DVVRFLDWHG� ZLWK� WKHLU� VRFLR�FXOWXUDO� OLIH�� VXFK�
DV��PDUULDJH�� IHVWLYDOV�� FHUHPRQLHV�� ULWXDOV�� HWF��� >��@� DQG� VRPH�PHGLFLQDO�
SURSHUWLHV� >��@��7KH�GLIIHUHQW� WULEHV�KDYH� WKHLU�RZQ� WUDGLWLRQDO�PHWKRG�IRU�
SUHSDUDWLRQ�RI�ULFH�EDVHG�DOFRKROLF�EHYHUDJHV�ZLWK�LWV�RZQ�XQLTXH�UHFLSHV��
DQG�WKHVH�EHYHUDJHV�DUH�XVXDOO\�PDGH�IURP�D�FXOWXUH�FDNH�RI�VWHDPHG�ULFH�
PL[HG�ZLWK�KHUEV�DQG�VSLFHV��8VXDOO\��WKH�IHUPHQWDWLRQ�SURFHVV�LV�SHUIRUPHG�
IRU�VHYHUDO�GD\V��$IWHU�IHUPHQWDWLRQ��WKH�DOFRKROLF�EHYHUDJHV�DUH�PL[HG�ZLWK�
ZDWHU�DQG�XVHG�IRU�FRQVXPSWLRQ�

1RUWK�(DVW�,QGLD�HQFRPSDVVHV�RI�HLJKW�VLVWHU�VWDWHV��VXFK�DV��)LJXUH�������
$UXQDFKDO� 3UDGHVK�� $VVDP�� 0DQLSXU�� 0HJKDOD\D�� 0L]RUDP�� 1DJDODQG��
6LNNLP��DQG�7ULSXUD��6HOHFWHG�ZHOO�NQRZQ�LQGLJHQRXV�IHUPHQWHG�EHYHUDJHV�
in these 8 states are discussed in this section.

6.2.1 ASSAM: JOU

7KLV� IHUPHQWDWLRQ�EDVHG� DOFRKROLF� EHYHUDJH� LV� SUHSDUHG� IURP� ORFDOO\�
DYDLODEOH�ULFH�E\�WKH�%RGR�WULEH��'LIIHUHQW�W\SHV�RI�VXEVWUDWHV�DUH�XVHG�WR�
SURGXFH�EHYHUDJHV��ZKLFK�GLIIHU�LQ�WHUPV�RI�WDVWH��DSSHDUDQFH��DQG�TXDOLWLHV��
$PDR�LV�XVHG�DV�D�IHHGVWRFN�LQ�WKH�SUHSDUDWLRQ�RI�-RX��$PDR�LV�SUHSDUHG�
by soaking rice grains (known as ankur) and then grinding it along with 
SODQW�PDWHULDOV�XVLQJ�PRUWDU�DQG�SHVWOH��7KHQ�WKH�PL[WXUH�LV�PROGHG�LQWR�
URXQG�IODWWHQHG�VKDSHG�FDNHV�DQG�LQRFXODWHG�ZLWK�\HDVW�IURP�WKH�ROG�DPDR�
by sprinkling on it.

-RX� LV� SUHSDUHG� E\� PL[LQJ� WKH� VWDUWHU� FDNH� ZLWK� WKH� FRRNHG� ULFH� DQG�
VSUHDGLQJ� LW� IRU� ��±��� KRXUV� RQ� D� EDPERR� WUD\� FRYHUHG� ZLWK� OHDYHV� RI�
EDQDQDV��/DWHU��LW�LV�WUDQVIHUUHG�WR�DQ�HDUWKHQ�SRW�WKDW�KDV�EDPERR�VLHYH�IRU�
KDUYHVWLQJ�WKH�DOFRKRO��7KH�PRXWK�RI�WKH�HDUWKHQ�SRW�LV�VHDOHG�WLJKWO\�XVLQJ�
D�FORWK��'XULQJ�VXPPHU��WKH�IHUPHQWDWLRQ�LQFXEDWLRQ�GXUDWLRQ�LV�DERXW�IRU���
GD\V�FRPSDUHG�WR���GD\V�GXULQJ�ZLQWHU��7KH�ULFH�EHHU�REWDLQHG�LV�GLVWLOOHG�
IXUWKHU�WR�SURGXFH�MRX�JZUDQ��ORFDO�DOFRKROLF�GULQN��>�@�
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6.2.2 ASSAM: CHU

&KX�LV�D�IHUPHQWHG�ULFH�EHHU�SUHSDUHG�E\�WKH�*DUR�FRPPXQLWLHV�LQ�$VVDP�
and Meghalaya. It is prepared by mixing cooked rice mixed wansi (starter 
FDNH��WKDW�LV�D�JRRG�VRXUFH�RI�PLFURRUJDQLVPV��VXFK�DV�>������@��Lactoba-
cillus plantarum, Saccharomyces cerevisiae, Wickerhamomyces anomalus 
and Rhodotorula mucilaginosa.

)RU� HDV\�KDUYHVWLQJ�RI� WKH�EHHU�� WKH�PL[WXUH� LV� NHSW� LQVLGH� DQ� DLUWLJKW�
FRQWDLQHU� ZLWK� EDPERR� VLHYH�� 8VLQJ� D� SLHFH� RI� FORWK�� WKH� PRXWK� RI� WKH�
FRQWDLQHU�LV�VHDOHG�DQG�LV�NHSW�XQGHU�GDUN�ZDUP�SODFH�IRU�WKH�IHUPHQWDWLRQ�
SURFHVV� WR� RFFXU��'XULQJ�ZLQWHU�� WKH� IHUPHQWDWLRQ� UDWH� LV� VORZHU� WKDQ� WKH�
VXPPHU�>��@�

6.2.3 ASSAM: CHAKO

&KDNR�LV�D�IHUPHQWHG�ULFH�EHHU�ZLWK�D�\HOORZLVK�FRORU�DQG�YHU\�VWURQJ�WDVWH��
DQG� LW� LV� SUHSDUHG� E\� WKH� 5DEKD� FRPPXQLW\�� 7R� SUHSDUH� FKDNR�� ZDWHU� LV�
ILUVW�WDNHQ�LQ�DQ�DOXPLQXP�SRW�ZKRVH�PRXWK�LV�ILWWHG�ZLWK�EDPERR�IXQQHO�
WKDW� LV� FORVHG� XVLQJ� EDQDQD� OHDYHV�� 7KURXJK� WKH� IXQQHO�� ZDVKHG� ULFH� LV�
DGGHG�DQG�WKH�ZKROH�DUUDQJHPHQW�LV�SODFHG�RQ�DQ�RYHQ��7KH�FRRNHG�ULFH�LV�
WKHQ�VSUHDG�RQ�WRS�RI�D�MXWH�EDJ�IRU�GU\LQJ��ZKLFK�LV�WKHQ�PL[HG�ZLWK�WKH�
VWDUWHU� FXOWXUH� FDNH� �VRXUFH� RI� \HDVW� LQ� FRRNHG� ULFH�� NQRZQ� DV� EDNKRU� RU�
SKDE���ZKLFK� LV�SUHSDUHG�XVLQJ� ULFH�SRZGHU�DQG�KHUEV��$IWHU�NHHSLQJ� IRU�
30 minutes, it is then packed using jute bag that is kept in a shade or room 
WR�DOORZ�WKH�DFWLRQ�E\�PLFUREHV��7KH�REWDLQHG�PL[WXUH�LV�WKHQ�WUDQVIHUUHG�
WR�D�PRWRN��IHUPHQWHU�DOXPLQXP�SRW���ZKLFK�LV�FRYHUHG�ZLWK�D�EDQDQD�OHDI�
DQG�LV�DOORZHG�WR�IHUPHQW��7KH�IHUPHQWDWLRQ�WLPH�LV�JHQHUDOO\���GD\V�GXULQJ�
VXPPHU�FRPSDUHG�WR���GD\V�LQ�ZLQWHU�>��@�

6.2.4 ASSAM: APONG

$SRQJ� LV� D� IHUPHQWHG�DOFRKROLF�EHYHUDJH� WKDW� LV�SUHSDUHG�E\� WKH�0LVKLQJ�
FRPPXQLW\�LQ�$VVDP�DQG�ORFDO�WULEHV�RI�$UXQDFKDO�3UDGHVK��7KH�IHHGVWRFN�
LV�NQRZQ�DV�LSRK��ZKLFK�FRQWDLQV�GLIIHUHQW�W\SHV�RI�\HDVW��VXFK�DV��Saccharo-
myces cerevisiae, Hanseniaspora sp., Kloeckera sp., Pischia sp. and Candida 
sp. WR�DOORZ�IHUPHQWDWLRQ�>���@��,SRK�LV�SUHSDUHG�E\�PL[LQJ�GU\�SRZGHU�RI�
ULFH�ZLWK�SDVWH�RI�EDUNV�RI�ORFDOO\�DYDLODEOH�SODQWV��VXFK�DV�
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• Achyranthes aspera L.;
• Adhatoda Vasica (Nees);
• Ageratum conyzoides L.;
• Ananas comosus (L.) Merr.;
• Artocarpus heterophyllus;
• Asparagus racemosus Willd.;
• Capcicum annum L.;
• Centella asiatica L.;
• Cinnamomum bejolghata;
• Cinnamomum tamala Nees.;
• Clerodendrum viscosum L.;
• Costus speciosus (Koen. ex. Retz.) J. E. Smith;
• Drymeria cordata L.;
• Gomphostemma parviflora Wall.;
• Ipomea mauritiana Jacq.;
• Ipomoea aquatica Forsk;
• Kaempferia rotunda L.;
• Leucas plukenetii (Roth) Spreng.;
• Lygodium flexuosum;
• Melothrea heterophylla (Lour) Cogn;
• Microsorum punctatum (L.) Copel;
• Musa balbisiana Colla;
• Naravelia feylavica (D.C);
• Oldenlandia corymbosa Linn.;
• Oryza sativa L.;
• Phlogacanthus thyrsiformis (Hardw.) Mabb.;
• Piper�IDPLO\��Piper longum L. and Piper nigrum L.;
• Psidium guajava L.;
• Ptridium aquilinum Kuhn;
• Pueraria tuberose (Roxb. ex Willd.) DC;

6XEVHTXHQWO\��WKH�PL[WXUH�LV�DOORZHG�WR�GU\�RYHU�D�¿UHSODFH�RU�LV�OHIW�LQ�D�
FRRO�SODFH�IRU���WR���GD\V��7R�SUHSDUH�DSRQJ��ZDVKHG�ULFH�LV�¿UVW�ERLOHG�XVLQJ�
D�ODUJH�DOXPLQXP�YHVVHO�ZLWK�D�ZLGH�ERWWRP�WR�PDNH�LW�VRJJ\��7KHQ��LSRK�
LV�PL[HG�ZLWK�WKH�ERLOHG�ULFH�LQ�D�VSHFL¿F�UDWLR��ZKLFK�LV�WKHQ�WUDQVIHUUHG�WR�
DQRWKHU�YHVVHO�ZLWK�OLG�RQ�WKH�WRS�DQG�D�VPDOO�DPRXQW�RI�ZDWHU�LV�DGGHG�WR�LW��
7KH�PL[WXUH�LV�LQFXEDWHG�DW�URRP�WHPSHUDWXUH�IRU���WR���GD\V�DQG�WKH�IHUPHQ-
WDWLRQ�LV�DOORZHG�WR�SURGXFH�DOFRKRO��7KH�DOFRKROV�DUH�JHQHUDOO\�GLOXWHG�ZLWK�
ZDWHU�EHIRUH�FRQVXPSWLRQ�>��@�
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6.2.5 ASSAM: XAJ-PANI

;$-�3$1,� LV�D� IHUPHQWHG� ULFH�EHHU� WKDW� LV�SUHSDUHG�E\�$KRP�FRPPXQLW\�
LQ�$VVDP�� 7KLV� EHHU� KROGV� DQ� LPSRUWDQW� UROH� LQ� UHOLJLRXV� ULWHV�� IHVWLYDOV��
ULWXDOV� SUDFWLFHV� DQG� LV� DOVR� XVHG� DV� D� UHIUHVKLQJ� GULQN�� 7KH� YHNXU� SLWKD�
�VWDUWHU�FXOWXUH��LV�SUHSDUHG�E\�PL[LQJ�VPDOO�DPRXQW�RI�ZDWHU��ULFH�SRZGHU�
DQG�SRZGHU�RI� GLIIHUHQW� KHUEV�� H�J�� Cinamommum glanduliferum Meissn, 
Cissampelos Pereira, Lygodium flaxuosum Linn, Leucas aspera Spreng, and 
Scoparia dulsis Linn.

(DUOLHU�SUHSDUHG�SLWKD��NQRZQ�DV�JKDL�SLWKD��DV�D�VRXUFH�RI�\HDVW��VWDUWHU�
FXOWXUH��LV�DGGHG�WR�WKLV�PL[WXUH��7KH�PL[WXUH�LV�WKHQ�ZUDSSHG�ZLWK�EDQDQD�
OHDYHV�DQG�LV�PDGH�LQWR�VPDOO�FDNHV��ZKLFK�DUH�NHSW�IRU��±��GD\V�LQ�DQ�DLU�
WLJKW�FRQGLWLRQ�IRU�GU\LQJ��*OXWLQRXV�ULFH��NQRZQ�DV�ERUD�ULFH�EHORQJLQJ�WR�
VDOL� YDULHW\�� LV�PDLQO\� XVHG� IRU� WKH� SUHSDUDWLRQ�RI� EHYHUDJHV��7KH� FRRNHG�
ULFH� LV�VSUHDG�RQ�DQ�RSHQ�SODWH�DQG� OHIW� IRU�DERXW�DQ�KRXU� WR�DOORZ�GU\LQJ�
EHIRUH�PL[LQJ�ZLWK�YHNXU�SLWKD��7KH�REWDLQHG�PL[WXUH�LV�WKHQ�WUDQVIHUUHG�WR�
DQ�HDUWKHQ�SRW�DQG�LV�NHSW�LQ�WKH�GDUN�IRU��±��GD\V�LQ�DQ�DLUWLJKW�FRQGLWLRQ��
7KH�DOFRKROLF�EHYHUDJH��NQRZQ�DV�[DM�SDQL��LV�FROOHFWHG�E\�¿OWUDWLRQ�SURFHVV��
;DM�SDQL�LV�DOFRKROLF�ZLWK�VWURQJ�DURPD�DQG�VZHHW�WDVWH�>��@�

6.2.6 ASSAM: JUDIMA

-XGLPD�LV�D�IHUPHQWHG�ULFH�EHHU�WKDW� LV�SUHSDUHG�E\�'LPDVD�FRPPXQLW\�LQ�
$VVDP��+XPDR��VWDUWHU�FXOWXUH�FDNH��LV�SUHSDUHG�IURP�SRZGHU�RI���±���KRXUV�
VRDNHG�EURZQ�ULFH�DW�URRP�WHPSHUDWXUH�ZLWK�GULHG�SRZGHU�RI�EDUNV�RI�D�WUHH�
DQG�WKH�PL[WXUH�LV�VXQ�GULHG�>��@��)RU�WKH�SUHSDUDWLRQ�RI�MXGLPD��FRRNHG�ULFH�
LV�PL[HG�ZLWK�KXPDR�DQG�LV�VSUHDG�RQ�EDQDQD�OHDYHV�IRU�DQ�RYHUQLJKW�EHIRUH�
WUDQVIHUULQJ�LW�WR�DQ�HDUWKHQ�SRW��ZKLFK�LV�QRW�IXOO\�DLU�WLJKW��7KH�IHUPHQWDWLRQ�
WDNHV�DERXW��±��GD\V�GXULQJ�VXPPHU�FRPSDUHG�WR��±��GD\V�LQ�ZLQWHU�>��@�

6.2.7 ASSAM: ZU

,W�LV�D�IHUPHQWHG�ULFH�EHHU�WKDW�LV�SUHSDUHG�E\�7LZD�FRPPXQLW\�LQ�$VVDP��7KH�
IHHGVWRFN��NQRZQ�DV�EDNKRU��LV�PDGH�E\�PL[LQJ�ULFH�SRZGHU�ZLWK�SDVWH�RI�
VHYHUDO�LQGLJHQRXV�KHUEV��DQG�WKH�PL[WXUH�LV�GULHG�DQG�VPDOO�FDNHV�DUH�IRUPHG�
>��@��)RU� WKH�SUHSDUDWLRQ�RI� ]X�� WKH� ULFH� LV�ERLOHG�� FRROHG�� DQG�PL[HG�ZLWK�
EDNKRU�DQG�LV�OHIW�IRU�IHUPHQWDWLRQ��$IWHU�WKH�LQFXEDWLRQ�SURFHVV��WKH�IHUPHQWHG�
VWRFN��]X��LV�FROOHFWHG��ZKLFK�LV�GLOXWHG�ZLWK�ZDWHU�EHIRUH�FRQVXPSWLRQ�>��@�
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6.2.8 ASSAM: SUJEN

,W�LV�DQ�LQGLJHQRXV�IHUPHQWHG�ULFH�EHHU��ZKLFK�LV�SUHSDUHG�E\�'HRULV�FRPPX-
nity in Assam. Perok kushi (starter culture) is prepared by mixing grounded 
SDVWH�RI�VHYHUDO�KHUEV�ZLWK�ULFH�SRZGHU��7KH�PL[WXUH�LV�WKHQ�SUHSDUHG�LQWR�
VPDOO� EDOOV� WKDW� DUH� VXQGULHG�� )RU� WKH� SUHSDUDWLRQ� RI� ULFH� EHHU�� WKH� ULFH� LV�
FRRNHG��FRROHG��PL[HG�ZLWK�SHURN�NXVKL�DQG�WKH�PL[WXUH�LV�WKHQ�WUDQVIHUUHG�
WR�DQ�HDUWKHQ�SRW��ZKLFK�LV�FRYHUHG�ZLWK�EDQDQD�OHDYHV�WR�DOORZ�IHUPHQWD-
WLRQ��$IWHU��±��GD\V�RI�LQFXEDWLRQ��WKH�IHUPHQWHG�VWRFN��VXMHQ��LV�GLOXWHG�DQG�
ILOWHUHG�>��@�

6.2.9 ARUNACHAL PRADESH: JUMIN

6HYHUDO� IHUPHQWHG� EHYHUDJHV� LQ� $UXQDFKDO� 3UDGHVK� DUH� GHVFULEHG� XQGHU�
6HFWLRQV� �����±�������� -XPLQ� ZLWK� WDVWH� OLNH� IUXLW�MXLFH�� VZHHW�� VDOW\�� DQG�
VRXU�LV�D�IHUPHQWHG�EHYHUDJH�WKDW�LV�SUHSDUHG�E\�1RFWH�WULEH��7KH�LPSRUWDQW�
LQJUHGLHQW�IRU�MXPLQ�SUHSDUDWLRQ�LV�WKH�JHODWLQRXV�ULFH��NQRZQ�DV�DDKX�GKDQ���
7DSLRFD��Manihot esculenta) root is used in the preparation due to its presence 
RI�VXJDU�FRQWHQWV��7KH�IHHGVWRFN��NQRZQ�DV�ELFKKL��LV�SUHSDUHG�E\�PL[LQJ�
IORXU�RI�Oryza sativa or Setaria italica with Sala. Sala is prepared by mixing 
SRZGHU�RI�SODQW�SDUWV�RI�YDULRXV�PHGLFLQDO�KHUEV��7KH�ZDWHU�LV�DGGHG�WR�IRUP�
WKH�SDVWH�DQG�WKHQ�VPDOO�FDNHV�DUH�IRUPHG��7KH�PL[WXUH�LV�NHSW�LQ�WKH�GDUN�IRU�
DERXW���GD\V�WR�DOORZ�IHUPHQWDWLRQ��7R�WKH�QHZO\�SUHSDUHG�FDNHV��SLHFHV�RI�
HDUOLHU�PDGH�FDNH�DUH�PL[HG��,W�DFWV�DV�D�VRXUFH�RI�\HDVW�EHIRUH�PL[LQJ�ZLWK�
WKH�FRRNHG�JUDLQV�IRU�WKH�SUHSDUDWLRQ�RI�MXPLQ��7KHQ�LW�LV�FRYHUHG�ZLWK�D�FORWK�
or banana (Musa paradisiaca�/���OHDYHV�DQG�NHSW�LQ�D�SRW�LQ�WKH�GDUN�URRP��
7KH�IHUPHQWDWLRQ�SURFHVV�FDQ�WDNH�DERXW�RQH�GD\�GXULQJ�VXPPHU�FRPSDUHG�
WZR�GD\V�GXULQJ�ZLQWHU�>�@�

6.2.10 ARUNACHAL PRADESH: APONG

,W� LV�D�ZKLWH�ULFH�EHHU� LQ�$UXQDFKDO�3UDGHVK��7R�SUHSDUH�DSRQJ�� WKH�ULFH� LV�
FRRNHG� LQ�D� ODUJH�FOHDQ�YHVVHO�RU�SRW� DW� VORZ�KHDW� WR�JHW� WKH� ULJKW� WH[WXUH�
RU�VRJJ\�� ,SRK��VWDUWHU�FXOWXUH�� LV� WKHQ�PL[HG�ZLWK�DSSURSULDWH�TXDQWLW\�RI�
FRRNHG� ULFH� LQ� DQG� WUDQVIHUUHG� WR� D� GLIIHUHQW� XWHQVLO� KDYLQJ� VPDOO� DPRXQW�
RI� ZDWHU� IRU� IHUPHQWDWLRQ�� ZKLFK� WDNHV� SODFH� IRU� DERXW� �±�� GD\V�� %HIRUH�
FRQVXPSWLRQ��WKH�IHUPHQWHG�VWRFN�LV�PL[HG�ZLWK�GULQNLQJ�ZDWHU�>���@�

A
pp

le
 A

ca
de

m
ic

 P
re

ss

A
ut

ho
r C

op
y

Non Commercial Use



Preparation and Health Benefits of Rice Beverages 173

6.2.11 ARUNACHAL PRADESH: ENNOG

It is black rice beer, which is prepared using burned paddy husk and rice. 
%RLOHG�ULFH�LV�VSUHDG�RYHU� WKH�EDPERR�PDW�IRU�FRROLQJ��7KH�SDGG\�KXVN�
LV�EXUQHG�VORZO\�LQ�D�WLQ�YHVVHO�DQG�LV�WKHQ�PL[HG�ZHOO�ZLWK�ERLOHG�ULFH��
ZKLFK�LV�DOORZHG�WR�FRRO�GRZQ�EHIRUH�PL[LQJ�ZLWK�LSRK��VWDUWHU�FXOWXUH���
,W�LV�WKHQ�WUDQVIHUUHG�WR�D�FRQLFDO�EDPERR�EDVNHW��ZKLFK�LV�OLQHG�ZLWK�ZLOG�
OHDYHV� RI�Phryium capitulum� DQG� LV� WLJKWO\� SDFNHG� EHIRUH� VWRULQJ� LQ� D�
FRRO� GU\� SODFH� IRU� WKH� IHUPHQWDWLRQ� SURFHVV�� ZKLFK� WDNHV� DERXW� �� GD\V�
XQWLO� D� VWURQJ� DOFRKROLF� DURPD� KDV� EHHQ� SURGXFHG��7KHQ� WKH�PL[WXUH� LV�
WUDQVIHUUHG�WR�D�GLIIHUHQW�EDVNHW�ZLWK�ZLOG�OHDYHV�RI�Phryium capitulum�IRU�
ILQDO�VWRUDJH��ZKLFK�LV�NQRZQ�DV�SHURS��7R�SUHSDUH�WKH�EHHU��WKH�PL[WXUH�
�VWDUWHU�FDNH��ERLOHG�ULFH�DQG�SDGG\�KXVN��LV�DOORZHG�WR�XQGHUJR�IHUPHQWD-
WLRQ� IRU� ��� GD\V�� DIWHU� ZKLFK�� DURXQG� �� NJ� RI� WKH�PL[WXUH� LV� WDNHQ� RXW�
into a cylindrical bamboo with a small opening at one end. Boiling water 
LV� SRXUHG� VORZO\�RYHU� WKH�PL[WXUH� WR� JHW� WKH� EUHZHG�SURGXFW�ZLWK� KLJK�
DOFRKRO�FRQWHQW��7KH� ILUVW�EUHZ� LV� FDOOHG� WRN�WLO��ZKLFK� LV� DOZD\V�ZDUP��
DQG�WKH�VHFRQG�EUHZ�LV�FDOOHG�HQQRJ��ZKLFK�LV�REWDLQHG�DIWHU�WKH�ILUVW�EUHZ��
KDYLQJ�EODFNLVK�FRORU�>���@�

6.2.12 ARUNACHAL PRADESH: OPO

2SR�LV�D�EODFNLVK�FRORUHG�ULFH�EHYHUDJH�WKDW�LV�SUHSDUHG�E\�$GL��1\VKLQJ��
and Mishmi communities mainly in Lohit-Changlang, east, and west 
6LDQJ��XSSHU��DQG�ORZHU�6XEDQVLUL�'LVWULFWV�RI�$UXQDFKDO�3UDGHVK�>��@��)RU�
SUHSDUDWLRQ�� WKH� ULFH�KXVN� LV� ILUVW�EXUQHG�DQG� LV� WKHQ�PL[HG�ZLWK�FRRNHG�
ULFH� DQG� LV� DOORZHG� WR� FRRO�GRZQ�EHIRUH� DGGLQJ� WKH� VWDUWHU� FXOWXUH� FDNH��
7KLV� IHUPHQWHG�PL[WXUH� LV� ORFDOO\� FDOOHG� SRQH��ZKLFK� LV� WUDQVIHUUHG� WR� D�
ZRRGHQ�YHVVHO�IRU�WKH�IHUPHQWDWLRQ��)RU�H[WUDFWLRQ��D�EDPERR�IXQQHO�ILOOHG�
with pone is used to which boiled water is poured slowly till the beer is 
H[WUDFWHG�FRPSOHWHO\�>��@�

6.2.13 ARUNACHAL PRADESH: MADUA

0DGXD� LV� D� PLOOHW�EDVHG� IHUPHQWHG� DOFRKROLF� EHYHUDJH� DQG� LV� SUHSDUHG�
WUDGLWLRQDOO\� DPRQJ� DOO� WULEHV� LQ� $UXQDFKDO� 3UDGHVK�� 7KH� VWDUWHU� FDNH�
is prepared by mixing grounded rice powder with local herbs. For the 
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SUHSDUDWLRQ�RI�PDGXD��WKH�ILQJHU�PLOOHWV�DUH�FRRNHG�IRU�DERXW����PLQXWHV��
cooled, mixed with the starter culture cake and the mixture is kept in a 
SHUIRUDWHG�EDVNHW�DQG�LV�ILOOHG�ZLWK�ZLOG�OHDYHV�RI�Phryium capitulum. 7KH�
PL[WXUH�LV�LQFXEDWHG�IRU�DERXW���GD\V�GXULQJ�VXPPHU�DQG���GD\V�GXULQJ�
ZLQWHU� WR� DOORZ� IHUPHQWDWLRQ��$IWHU� IHUPHQWDWLRQ��ZDUP�ZDWHU� LV� DGGHG�
GURS�E\�GURS�DQG�WKH�ILOWUDWH�LV�FROOHFWHG�LQ�D�FRQWDLQHU��7KH�FRORU�RI�WKH�
ILOWUDWH� LV� JROGHQ� \HOORZ�ZLWK� D� VZHHW� WDVWH� VZHHW� DQG� D� JRRG� DOFRKROLF�
IODYRU�>��@�

6.2.14 ARUNACHAL PRADESH: THEMSING

7KHPVLQJ�LV�D�IHUPHQWHG�DOFRKROLF�PLOOHW�EHYHUDJH�WKDW�LV�SUHSDUHG�RQO\�E\�
0RQSD�FRPPXQLW\�RI�7DZDQJ�GLVWULFW�LQ�$UXQDFKDO�3UDGHVK��7KHPVLQJ�FDQ�
EH�SUHSDUHG� IURP� ILQJHU�PLOOHW� �ORFDOO\�NQRZQ�DV�NRQJSX��RU� IURP�EDUOH\�
�ORFDOO\�NQRZQ�ERQJ���,W�FDQ�DOVR�EH�SUHSDUHG�E\�PL[LQJ�ERWK�RI�WKHP��7R�
SUHSDUH�WKHPVLQJ��WKH�PLOOHW�LV�ILUVW�FRRNHG�DQG�FRROHG�EHIRUH�PL[LQJ�ZLWK�
WKH�VWDUWHU�FXOWXUH�FDNH��3LQFK�RI�DVK�RU�FKDUFRDO�LV�DGGHG�EHIRUH�WUDQVIHUULQJ�
the mixture (cooked millet with starter culture cake) into a wooden container. 
7KLV�PL[WXUH�LV�FRYHUHG�ZLWK�EDQDQD�OHDYHV�WR�DOORZ�WKH�IHUPHQWDWLRQ��$IWHU�
IHUPHQWDWLRQ��WKH�PL[WXUH�LV�WUDQVIHUUHG�WR�D�SHUIRUDWHG�EDPERR�EDVNHW�DQG�
ZDUP�ZDWHU�LV�DGGHG�VORZO\��7KH�ILOWUDWH��WKHPVLQJ��KDV�JRRG�DURPD�DQG�LV�
JROGHQ�LQ�FRORU�>��@�

6.2.15 MANIPUR: YU OR ATINGBA

,Q� 0DQLSXU�� FRPPRQ� IHUPHQWHG� EHYHUDJH� DPRQJ� WULEDO� FRPPXQLWLHV� LV�
\X� RU� DWLQJED�� ZKLFK� LV� SUHSDUHG� IURP� JOXWLQRXV� ULFH�� 7KH� VWDUWHU� FXOWXUH�
FDNH��VRXUFH�RI�\HDVWV� IURP�FRRNHG�ULFH�DQG�KHUEV��KDPHL�� LV�SUHSDUHG�E\�
PL[LQJ�EDUN�SRZGHU�RI� ORFDO� WUHH�DQG�SRZGHU�RI� UDZ�ULFH��7KH�DVVRFLDWHG�
\HDVW� VSHFLHV�DUH��Saccharomyces cerevisiae, Candida tropicalis, Candida 
parapsilosis, Candida montana, Pichia anomala, Pichia guilliermondi, 
Pichia fabianii, Trichosporon sp., Torulaspora delbrueckii. Hamei is mixed 
ZLWK�FRRNHG�JOXWLQRXV�ULFH�DIWHU�FRROLQJ�DQG�LV�WKHQ�NHSW�LQ�DQ�HDUWKHQ�SRW��
ZKLFK�LV�WKHQ�FRYHUHG�ZLWK�KDQJOD��Alocasia sp.��OHDYHV�IRU��±��GD\V�GXULQJ�
VXPPHU�DQG��±��GD\V�GXULQJ�ZLQWHU� WR�DOORZ� IHUPHQWDWLRQ��6XEVHTXHQWO\��
VXEPHUJHG� IHUPHQWDWLRQ� LV� SHUIRUPHG� LQ� HDUWKHQ� SRWV� IRU� �±�� GD\V�� 7KH�
IHUPHQWHG�DOFRKROLF�EHYHUDJH� LV�FDOOHG�DWLQJED��ZKHUHDV� WKH�GLVWLOOHG�FOHDU�
OLTXRU��XVLQJ�WUDGLWLRQDO�DVVHPEO\��LV�FDOOHG�\X�>��@�
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6.2.16 MEGHALAYA: KIAD

7KH�NLDGLV�SUHSDUHG�E\�3QDU�WULEHV�LQ�-DLQWLD�KLOOV�RI�0HJKDOD\D��)RU�SUHSDUD-
WLRQ� RI� NLDG�� NKR�VR� �Oryza sativa� /��� ORFDO� UHG� ULFH�� LV� XVHG��7KH� VWDUWHU�
FXOWXUH��WKLDW��LV�SUHSDUHG�E\�PL[LQJ�WKH�ULFH�SRZGHU�PL[HG�ZLWK�SRZGHU�RI�
OHDYHV�RI�Amomum aromaticum Roxb) to prepare a sticky paste that is then 
XVHG� IRU�PDNLQJ� VPDOO� URXQG� FDNHV� RI� �±�� FP� LQ� GLDPHWHU� DQG����±�� FP�
WKLFN��7KHVH�VWDUWHU�FDNHV�DUH�VXQ�GULHG�RU�GULHG�RYHU�ILUH�XQWLO� LW�EHFRPHV�
KDUG�DQG�FDQ�EH�XVHG�DV�VRXUFH�RI�QDWXUDO�\HDVW�IRU�ULFH�EUHZLQJ�

)RU� WKH�SUHSDUDWLRQ�RI�NLDG��NKR�VR� LV�FRRNHG� LQ�DQ�HDUWKHQ�YHVVHO�DQG�
LV�WKHQ�FRROHG�E\�VSUHDGLQJ�RYHU�D�URXQG�EDVNHW��DQG�LW�LV�WKHQ�PL[HG�ZLWK�
VWDUWHU�FXOWXUH��WKDW��7KLV�PL[WXUH�LV�SXW�LQ�D�EDVNHW��VKDQJ��DQG�IHUPHQWDWLRQ�
LV�DOORZHG�IRU�DERXW��±��GD\V��7KH�IHUPHQWHG�PL[WXUH��NQRZQ�DV�M\QGHP��LV�
XVHG�IRU�SUHSDULQJ�ORFDOO\�\HOORZLVK�ZKLWH�FRORUHG�EHHU��NQRZQ�DV�VDGKLDU���
.LDG�LV�REWDLQHG�E\�ERLOLQJ�RI�M\QGHP��:DWHU�LV�DGGHG�IRU�GLOXWLRQ�GHSHQGLQJ�
RQ�WKH�WDVWH�>��@�

6.2.17 NAGALAND: ZUTHO

,Q� 1DJDODQG�� FRPPRQ� IHUPHQWHG� EHYHUDJH� DPRQJ� WULEDO� FRPPXQLWLHV� LV�
]XWKR��ZKLFK�LV�D�WUDGLWLRQDO�ULFH�EHHU�IURP�JHODWLQRXV�ULFH��Oryza sativa L.). 
=XWKR�SUHSDUDWLRQ�LQYROYHV�WZR�VWHSV������SROLVKHG�JUDLQV�RI�ULFH�DUH�VRDNHG�
LQ�ZDWHU�IRU���KRXUV�DQG�WKH�H[FHVV�ZDWHU�LV�GUDLQHG��,W�LV�WKHQ�DLU�GULHG�DQG�
SRXQGHG�LQWR�SRZGHU������GHKXOOHG�ULFH�JUDLQV�DUH�DOORZHG�WR�JHUPLQDWH�DIWHU�
VRDNLQJ�LQ�ZDWHU�IRU�DERXW��±��GD\V��7KH�JHUPLQDWHG�ULFH�JUDLQV�DUH�VXQ�GULHG�
and are grounded to powder.

7KH�SRZGHU�RI�SROLVKHG�ULFH�DQG�JHUPLQDWHG�JUDLQV�RI�ULFH�DUH�PL[HG�LQ�
D�UDWLR�RI������WR�PDNH�D�SDVWH�XVLQJ�ERLOLQJ�ZDWHU��ZKLFK�LV�WKHQ�DOORZHG�
WR� FRRO��7KH� SDVWH� LV� LQFXEDWHG� DW� URRP� WHPSHUDWXUH� IRU� WKH� IHUPHQWDWLRQ�
SURFHVV�� )HUPHQWDWLRQ� SURFHVV� WDNHV� DERXW� �±�� GD\V�� 7KH� ¿UVW� IHUPHQWHG�
SURGXFW�LQ�LWV�SXUH�IRUP�LV�FDOOHG�WKRXWVKH��DQG�LV�GLOXWHG�ZLWK�VRPH�ZDWHU��
FDOOHG�]XWKR�>��@�

6.2.18 SIKKIM: JNARD

,Q�6LNLP��FRPPRQ�IHUPHQWHG�EHYHUDJH�DPRQJ�WULEDO�FRPPXQLWLHV�LV�MQDUG��
ZKLFK�LV�PDGH�IURP�ILQJHU�PLOOHW��Eleusine coracana���7KH�ZRUG�MQDUG�ZDV�
GHULYHG�IURP�0DQJDUDQWL�ODQJXDJH�DPRQJ�WKH�1HSDOHVH�FRPPXQLW\��-QDUG�LV�
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DOVR�NQRZQ�E\�VHYHUDO�QDPHV�>��@��VXFK�DV��FKLDQJ�LQ�7LEHW��FKLL�DPRQJ�5RQJ�
tribe and toongba in Nepal.

)RU�WKH�SUHSDUDWLRQ�RI�MQDUG��WKH�VHHGV�RI�¿QJHU�PLOOHW�DUH�PL[HG�ZLWK�D�
VPDOO�TXDQWLW\�RI�ZKHDW�RU�FRUQ�JUDLQV��7KH\�DUH� WKHQ�ERLOHG�IRU�DERXW����
PLQXWHV�DQG�VSUHDGHG�RQ�WKH�OHDYHV�RI�EDQDQD��EHIRUH�PL[LQJ�ZLWK�WKH�VWDUWHU�
FXOWXUH�FDNH��VRXUFH�RI�\HDVWV�LQ�FRRNHG�ZKHDW��NQRZQ�DV�PXUFKD���7KH�\HDVW�
species are 6DFFKDURP\FRSVLV�¿EXOLJHUD��6DFFKDURP\FRSVLV�FDSVXODULV��DQG 
Saccharomyces bayanus, Pichia anomala and Pichia burtonii, and Candida 
glabrata >���@��7KH�PL[WXUH�LV�NHSW�IRU����KRXUV�LQ�D�SLOH�KHDS�EHIRUH�WUDQV-
IHUULQJ� WR�DQ�HDUWKHQ�SRW��ZKLFK� LV�FRYHUHG�ZLWK� OHDYHV�DQG�FRZ�GXQJ� IRU�
WKH�IHUPHQWDWLRQ�SURFHVV��7KH�JULWV�DUH�WKHQ�SODFHG�LQ�D�EDPERR�YHVVHO�DQG�
VXEVHTXHQWO\�ZDWHU�LV�DGGHG�VORZO\��$IWHU����PLQXWHV��WKH�EHYHUDJH�LV�UHDG\�
WR�GULQN�>��@�

6.2.19 TRIPURA: LUNGI

,Q�7ULSXUD��FRPPRQ�IHUPHQWHG�EHYHUDJH�DPRQJ�WULEDO�FRPPXQLWLHV�LV�OXQJL�
or gora, which is most popular traditional white rice beer that is prepared 
IURP�ULFH� �Oryza sativa�/����7KH�VWDUWHU�FDNH�IRU� WKLV�SUHSDUDWLRQ� LV�FDOOHG�
FKXZDQ��7KH�PLFURELDO�VSHFLHV�DUH�Sacchamycopsis fibuligera, Sacchomyces 
cerevisiae, and Lactobacillus fermentum.

)RU�WKH�SUHSDUDWLRQ�RI�WKH�EHYHUDJH��ULFH�LV�IXOO\�ERLOHG�LQ�ZDWHU�IRU���±���
PLQXWHV�DQG�WKHQ�LW�LV�VSUHDGHG�RYHU�D�EDPERR�PDW�IRU�FRROLQJ�EHIRUH�PL[LQJ�
with chuwan, which is later packed tightly in an earthen container. Subse-
TXHQWO\��LW�LV�FRYHUHG�ZLWK�D�OLG�RU�OHDYHV�IRU�IHUPHQWDWLRQ�IRU�DURXQG���GD\V��
$IWHU�IHUPHQWDWLRQ�LV�RYHU��WKH�HDUWKHQ�FRQWDLQHU�LV�¿OOHG�ZLWK�ZDWHU�XS�WR�WKH�
WRS�DQG�LV�NHSW�IRU��±��KRXUV��DIWHU�ZKLFK�ZKLWH�WUDQVSDUHQW�OLTXLG�ÀRDWV�RQ�
WKH�WRS��7KLV�OLTXLG�LV�NQRZQ�DV�OXQJL�RU�JRUD�ZLWK�D�VZHHW�WDVWH��7UDGLWLRQDO�
ZLQH�RI�7ULSXUD�LV�NQRZQ�DV�EDQJOD��ZKLFK�LV�SUHSDUHG�DIWHU�SURFHVVLQJ�RI�
OXQJL��/XQJL�LV�KHDWHG�LQ�DQ�HDUWKHQ�SRW��ZKLFK�KDV�KROHV�DW�WKH�WRS��7KH�KROHV�
DUH�DWWDFKHG�WR�D�QDUURZ�SLSH�WR�FROOHFW�WKH�YDSRUV�LQ�WKH�IRUP�RI�GURSOHWV��
7KHVH�GURSOHWV�DUH�ORFDOO\�NQRZQ�DV�EDQJOD�RU�ORFDO�ZLQH�>���@�

6.3 USE OF HERBS AS STARTER: THERAPEUTIC PROPERTIES

7KH�PHWKRGV�DUH�VDPH�LQ�WKH�SUHSDUDWLRQ�RI�DOFRKROLF�IHUPHQWHG�EHYHUDJHV�E\�
DOO�WULEHV�DQG�FRPPXQLWLHV�LQ�1RUWK�(DVW�,QGLD��+RZHYHU��WKH�PDLQ�LQJUHGLHQW�
IRU�WKH�SUHSDUDWLRQ�LV�WKH�VWDUWHU�FDNH��ZKLFK�LV�D�VRXUFH�RI�PLFURRUJDQLVPV�
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DORQJ�ZLWK�VRPH�ORFDO�KHUEV�>��@��,W�LV�EHOLHYHG�WKDW�KHUEV��ZKLFK�DUH�PL[HG�
ZLWK� WKH� FDNH�� KDYH� WKHUDSHXWLF� SURSHUWLHV��7KH� H[DFW� LQJUHGLHQWV� DQG� WKH�
TXDQWLWLHV� RI� KHUEV� XVXDOO\� YDULHV� IURP�RQH� FRPPXQLW\� WR� DQRWKHU� GXH� WR�
DYDLODELOLW\�RI� WKH�SODQWV��ZKLFK� DIIHFW� WKH� WDVWH�RI� WKH� DOFRKROLF�EHYHUDJH�
>��@��7KH�H[DFW�LQJUHGLHQWV�IRU�WKH�SUHSDUDWLRQ�RI�WKH�VWDUWHU�FXOWXUH�FDNH�DUH�
DOVR�NHSW�VHFUHW�E\�WKH�GLIIHUHQW� WULEHV�DQG�FRPPXQLWLHV��/HVV� LQIRUPDWLRQ�
LV�DYDLODEOH�RQ�WKH�ORFDO�KHUEV�DQG�LWV�PHGLFLQDO�SURSHUWLHV��7KHUHIRUH��PRUH�
UHVHDUFK� LV� UHTXLUHG�IRU� LGHQWLILFDWLRQ�RI� WKH�YDULRXV�KHUEV� LQYROYHG� LQ� WKH�
SUHSDUDWLRQ�RI� VWDUWHU�FXOWXUH�FDNH�DQG�XQGHUVWDQGLQJ� LWV� LPSRUWDQW� UROH� LQ�
SUHSDUDWLRQ�RI�WKH�IHUPHQWHG�EHYHUDJHV�

7DEOH�����LQGLFDWHV�VRPH�LQGLJHQRXV�SODQW�VSHFLHV��ZKLFK�DUH�FRPPRQO\�
XVHG�IRU�WKH�SUHSDUDWLRQ�RI�IHUPHQWHG�EHYHUDJHV�ZLWKLQ�GL൵HUHQW�FRPPXQL-
ties in North East India.

6.4 PHYSIOCHEMICAL AND BIOCHEMICAL PROPERTIES OF 
LOCAL RICE BEER

7KH�SK\VLRFKHPLFDO�SURSHUWLHV��VPHOO��FRORU��DFLGLW\��DQG�DOFRKRO�FRQWHQW��DQG�
ELRFKHPLFDO�SURSHUWLHV��FRQFHQWUDWLRQV�RI�HWKDQRO��FDUERK\GUDWH��DQWLR[LGDQW��
PLQHUDOV�� DQG� PLFURELDO� SRSXODWLRQ�� RI� ORFDO� ULFH� EHHUV�� SURGXFHG� DPRQJ�
GLIIHUHQW�FRPPXQLWLHV�LQ�1RUWK�(DVW�RI�,QGLD�DUH�GLVFXVVHG�LQ�WKLV�VHFWLRQ�

6.4.1 TITRATABLE ACIDITY AND PH

7KH�WLWUDWDEOH�DFLGLW\�DQG�S+�SURYLGH�LQVLJKWV�RI�WKH�DFLGLW\�RI�WKH�IRRG�SURGXFW�
DQG� LWV� TXDOLW\�� 7KH� S+� SURYLGHV� WKH� LQIRUPDWLRQ� DERXW� PLFURELRWD� WKDW� LV�
LQYROYHG�LQ�WKH�IHUPHQWDWLRQ�SURFHVV�DQG�WKHLU�DELOLW\�WR�VXUYLYH�DW�D�VSHFLILF�
S+��7LWUDWDEOH�DFLGLW\�LV�FRQWULEXWHG�E\�YDULRXV�LQWULQVLF�RUJDQLF�DFLGV�LQ�IRRG�
SURGXFW��7KHVH�DFLGV�RIIHU�VSHFLILF�VHQVRU\�SURSHUW\�WR�WKH�SURGXFW�>��@�

7KH�S+�RI�ULFH�EHHU�LV�PHDVXUHG�GLUHFWO\�XVLQJ�D�S+�PHWHU��7RWDO�DFLGLW\�
DQG� YRODWLOH� DFLGLW\� DUH� PHDVXUHG� E\� WLWUDWLRQ�EDVHG� PHWKRGV�� ZKLFK� DUH�
conducted against sodium hydroxide solution. Both the results are expressed 
DV�JUDPV�RI�WDUWDULF�DFLG�DQG�JUDPV�RI�DFHWLF�DFLG�SUHVHQW�SHU�����P/�RI�WKH�
VDPSOH��UHVSHFWLYHO\��3KHQROSKWKDOHLQ�LV�XVHG�DV�DQ�LQGLFDWRU�>��@�

,Q� D� FRPSDUDWLYH� VWXG\�� ORFDO� ULFH�EHHUV� �QDPHO\�� MXGLPD�� MXPDL�� KRUR��
DQG�SRUR��VKRZHG�S+�UDQJH�RI������WR������ZKLFK�LV�ORZHU�WKDQ�S+�RI�����IRU�
EHHU�JLQ������IRU�YRGND������IRU�UXP�DQG�����IRU�ZKLVNH\��UHVSHFWLYHO\�>�����@��
6WRUDJH�RI�ORFDO�ULFH�EHHU�PD\�DOWHU�LWV�S+�WR�VRPH�H[WHQW��)RU�H[DPSOH��DQ�
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LQFUHDVH�LQ�S+�IURP������WR������LQ�SRUR�DSRQJ�>��@�DQG�WR������LQ�MRX�KDV�
EHHQ�UHSRUWHG�>�@��7KH�ORZHU�YDOXH�RI�S+�HQVXUHV�WKH�LQKLELWLRQ�RI�JURZWK�RI�
most known pathogens, such as, Clostridium perfringens, Vibrio cholerae, 
Campylobacter jejuni, Bacillus cereus, and Escherichia coli�>��@��+RZHYHU��
PHPEHUV� RI� Enterobacteriaceae� FDQ� UHGXFH� WKH� S+� GXH� WR� RQVHW� RI� WKH�
DQDHURELF�IHUPHQWDWLRQ�SURFHVV�LQ�SUHSDUDWLRQ�RI�ORFDO�EHHU�EXW�DFLGRSKLOHV�
ZLOO�HYHQWXDOO\�GRPLQDWH�ZLWK�WKH�SURJUHVV�RI�IHUPHQWDWLRQ�SURFHVV�>�����@��
*KRVK�HW�DO��>��@�FROOHFWHG�ULFH�EHHU�IURP�GL൵HUHQW�FRPPXQLWLHV�RI�7ULSXUD��
DQG�WKH\�UHSRUWHG�WKH�YRODWLOH�IDWW\�DFLG�FRPSRVLWLRQ��L�H�������±�����J�LQ�����
P/�RI�WDUWDULF�DFLG�DQG�����±�����J�LQ�����P/�RI�DFHWLF�DFLG�

7KH�IUHVK�ULFH�EHHU�VDPSOHV�ZHUH�IRXQG�WR�KDYH�WRWDO�DFLGLW\�YDOXH�LQ�WKH�
UDQJH�RI������±���������WDUWDULF�DFLG���ZKHUHDV�WKH�¿YH�GD\V�ROG�ULFH�EHHU�
VDPSOHV�VKRZHG�WKH�YDOXHV�LQ�WKH�UDQJH�RI������±������>�@��,Q�SRUR�DSRQJ��LW�
ZDV�FDOFXODWHG�WR�EH���������ODFWLF�DFLG��>��@��,W�KDV�EHHQ�UHSRUWHG�WKDW�KLJKHU�
YDOXH�RI�DFLGLW\�LQ�EHHU�LV�IRXQG�IRU�ORQJ�VWRUDJH�WLPH�>�����@�

6.4.2 ETHANOL CONTENT

)HUPHQWDWLRQ� LV�D�SURFHVV��ZKHUH�FDUERK\GUDWHV�DUH�FRQYHUWHG� WR�DOFRKRO� LQ�
SUHVHQFH�RI�PLFUREHV��+HQFH�TXDQWLW\�DQG�DOFRKRO�FRQWHQWV�SULPDULO\�GHSHQG�
RQ� WKH� IHUPHQWDWLYH� PLFUREHV�� 7KHUHIRUH�� VWXGLHV� UHYHDO� WKDW� SUHVHQFH� RI�
HWKDQRO�IURP�LQLWLDO�GD\�RI�WKH�IHUPHQWDWLRQ�SURFHVV�LV�LQFUHDVHG�JUDGXDOO\�XQWLO�
WKH�FRPSOHWLRQ�RI�WKH�SURFHVV�>�����@��7KH�HWKDQRO�FRQWHQW�KDV�EHHQ�UHSRUWHG�
WR� EH� GHSHQGHQW� QRW� RQO\� RQ�PLFURELDO� WUDQVIRUPDWLRQ� SURFHVV�� EXW� DOVR� RQ�
WKH�TXDOLW\�RI�WKH�ULFH�DQG�LQLWLDO�VXJDU�>�@��,W�ZDV�UHSRUWHG�WKDW�WRWDO�HWKDQRO�
FRQWHQW��YROXPH�E\�YROXPH��LQ�ULFH�EHHU�ZDV�EHWZHHQ�����±�������LQ�MRX�>�@��
����±������LQ�SRUR�DSRQJ�>��@�DQG�����LQ�MXGLPD�>��@����±����LQ�ODERUDWRU\�
SUHSDUHG�ULFH�EHHU�VDPSOHV�>�@���±����LQ�JRUD�EZWZN�>��@����±����LQ�GLVWLOOHG�
IRUP��FKXZDN��>��@�DQG�����LQ�KRUR�DQG�MXPDL�EHHUV�>��@�

6.4.3 CARBOHYDRATE CONTENT IN RICE BEER

+RZHYHU��PLFUREHV�DUH�XVHG�IRU�IHUPHQWDWLRQ�RI�FDUERK\GUDWH��WKHUHIRUH�LWV�
FRQWHQW�LQ�WKH�ILQLVKHG�SURGXFW�LV�UHGXFHG�GUDVWLFDOO\�GXH�WR�WKH�SUHVHQFH�
RI� KLJKHU� SRO\PHUV� RI� JOXFRVH�� VXFK� DV��PDOWRWHWUDRVH� >��@�� 6WRUDJH� DQG�
DJLQJ�RI�EHHU�DOVR�UHVXOWV�LQ�WKH�GHFUHDVH�RI�WRWDO�FDUERK\GUDWH�FRQWHQW�GXH�
WR�WKH�SRVVLEOH�HQ]\PDWLF�GHJUDGDWLRQ�RI�WKH�LQVROXEOH�FDUERK\GUDWH�SRO\-
PHUV��7KHVH� VROXEOH� FDUERK\GUDWHV� DUH� WKHQ� IXUWKHU� FRQYHUWHG� WR� HWKDQRO�
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GXULQJ� WKH�VWRUDJH�RU�DJLQJ�SURFHVV��7KLV�ZLOO� UHVXOW� LQWR�GHFUHDVH� LQ� WKH�
QRQ�UHGXFLQJ�VXJDU�FRQWHQW�IURP�WKH�ILUVW�GD\�RI�IHUPHQWDWLRQ�FRPSDUHG�WR�
WKH�ILQLVKHG�SURGXFW�

$QDO\VLV�RI�FDUERK\GUDWHV� LQ�WKH�ORFDO�ULFH�EHHU�UHYHDOV� WKDW�DPRXQW�RI�
FDUERK\GUDWH�LQ�WKH�EHHU�GHSHQGV�RQ�WKH�YDULHW\�RI�ULFH�DQG�KHUEV��/DERUDWRU\�
DQDO\VHV� IRU�TXDOLWDWLYH�HVWLPDWLRQ�RI�FDUERK\GUDWH� LQ�EHHU�DUH��%HQHGLFW¶V�
WHVW��0ROLVFK¶V�WHVW�DQG�LRGLQH�WHVW��ZKLOH�TXDQWLWDWLYH�HVWLPDWLRQ�RI�FDUERK\-
GUDWH�LQ�EHHU�DUH�SKHQRO�VXOIXULF�DFLG�DVVD\�>��@������GLQLWURVDOLF\OLF�DFLG�WHVW�
>�@��*OXFRVH�LV�XVHG�DV�D�VWDQGDUG�IRU�WKH�TXDQWLWDWLYH�DQDO\VLV�>�����@�

&DUERK\GUDWH� FRQWHQWV� UDQJH� LV� ���±����PJP/±� in rice beer prepared 
E\�WKH�'HEEDUPD�DQG�0ROVRP�WULEH�>��@��������PJP/±��LQ�MXGLPD�>��@�����
mgmL±��LQ�MRX�>�@�DQG�������PJP/±��LQ�SRUR�DSRQJ�>��@��:KLOH��QRQ�UHGXFLQJ�
VXJDU�FRQWHQW�UDQJHV�EHWZHHQ������±�����PJP/±� in rice beer prepared by 
-DPDWLD� WULEH�DQG�.RORL� WULEHV�������±������PJP/±� in rice beer prepared 
by Debbarma and Molsom tribes, 3.47 mgmL±��LQ�MRX��DQG�UHGXFLQJ�VXJDU�
is 3.33 mgmL±� in poro apong. Carbohydrate content in local rice beer was 
KLJKHU�WKDQ�EHHU��JLQ��UXP��HWF���>��@�

6.4.4 PROTEIN AND AMINO ACID CONTENTS IN RICE BEER

%LXUHW� WHVW� LV� XVHG� DV� D� VWDQGDUG� PHWKRG� IRU� WKH� TXDOLWDWLYH� GHWHFWLRQ� RI�
SURWHLQ�LQ�ULFH�EHHU��%RYLQH�VHUXP�DOEXPLQ�LV�XVHG�DV�D�VWDQGDUG�LQ�%LXUHW�
WHVW�>����������@��5HSRUWV�VXJJHVW�WKH�SUHVHQFH�RI�SURWHLQ�ZLWK�FRQFHQWUDWLRQ�
RI������PJP/±��LQ�MXGLPD�>��@�������PJP/±��LQ�SRUR�DSRQJ�>��@������±������
mgmL±��LQ�ULFH�EHHU�SUHSDUHG�E\�WULEHV�LQ�7ULSXUD�>��@������PJP/±� in boro, 
5.7 mgmL±� in poro, 4.2 mgmL±� in judima and 6.2 mgmL±��LQ�MXPDL�>��@�

.DUGRQJ�HW�DO��>��@�UHSRUWHG�WKDW�WKH�PHWDEROLF�DFWLYLW\�RI�WKH�PLFUREHV�
LQ�WKH�IHUPHQWDWLRQ�SURFHVV�\LHOGV�KLJK�OHYHO�RI�IUHH�DPLQR�DFLGV�ZLWK�YDOXH�
RI� �����PJP/±�� LQ� SRUR� DSRQJ� �VDLPRG�� FRPSDUHG� WR� ����±�����PJP/±� 
RI� DPLQR� DFLGV� LQ� MXGLPD� >��@��7KH� DPRXQW� RI� SURWHLQ� LQ� WKH� ULFH� EHHU� LV�
SURSRUWLRQDO� WR� WKH�ELRPDVV�RI� WKH�IHUPHQWDWLYH�PLFUREHV��0RUH�PLFURELDO�
JURZWK�FDXVHV�PRUH�DPRXQW�RI�SURWHLQ�LQ�ULFH�EHHU��0LFUREHV�LQ�ULFH�EHHU�FDQ�
FKDQJH�WKH�QXWULWLYH�YDOXH�

6.4.5 ANTIOXIDANT PROPERTY OF LOCAL RICE BEER

$QWLR[LGDQWV� SURWHFW� DQG� PLQLPL]H� WKH� GDPDJLQJ� HIIHFWV� RI� IUHH� UDGLFDOV�
DQG�526�>��@��6RPH�RI�WKH�FRPPRQO\�NQRZQ�DQWLR[LGDQWV�DUH��YLWDPLQ�&��
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YLWDPLQ� (� DQG� FDURWHQRLGV�� %HVLGHV�� RWKHUV� LQFOXGH�� YLWDPLQV�� IODYRQRLGV��
tannins, phenols, lignin, and minerals that are naturally present in plants.

7RWDO�DQWLR[LGDQW�DFWLYLW\�LV�HVWLPDWHG�E\�'33+�UDGLFDO�VFDYHQJLQJ�DVVD\��
'XULQJ� WKH� IHUPHQWDWLRQ� SURFHVV� XS� WR� ���PRQWKV�� WKHUH� LV� DQ� LQFUHDVH� LQ�
WKH�DQWLR[LGDQW�DFWLYLW\�LQ�WKH�ORFDO�ULFH�EHHU��UDQJLQJ�IURP������PJ�P/±� in 
IUHVK�EHHU�WR������PJ�P/±� in 15 months old beer in comparison to ascorbic 
DFLG�HTXLYDOHQWV��/RFDO�ULFH�EHHU�FDQ�KDYH�IUHH�UDGLFDO�VFDYHQJLQJ�DFWLYLW\�
EHWZHHQ������ WR��������7KH�SRO\SKHQRO�FRQWHQW� LQ�*DOOLF� DFLG�HTXLYDOHQW�
can be approximately 4.18 mg mL±��*DOOLF�DFLG�HTXLYDOHQW��,Q�MRX��ÀDYRQRLG�
FRQWHQW� FDQ� UDQJH� IURP� ��� WR� ���PJP/±�� LQ� TXHUFHWLQ� HTXLYDOHQWV� LQ� ���
PRQWKV�ROG�EHHU�>��@��9LWDPLQ�&�FRQWHQW�LV�EHWZHHQ���±���PJ�LQ�����P/�>�@�

5LFH�EHHUV�RI�1RUWK�(DVWHUQ�,QGLD�KDYH�DQ�H൵HFWLYH�DQWLR[LGDQW�DFWLYLW\��
LQFOXGLQJ�WRWDO�SKHQROLF�FRQWHQW�DQG�WRWDO�ÀDYRQRLGV�FRQWHQW�>�����@�DQG�WKHVH�
DUH�XVHIXO�IRU�KXPDQ�FRQVXPSWLRQ��7KH�SKHQROLF�DQG�ÀDYRQRLG�FRPSRXQGV�
DUH� GL൵HUHQW� LQ� ULFH� EHHU� IURP� GL൵HUHQW� FRPPXQLWLHV� DQG� WKHVH� LPSDUW� D�
FKDUDFWHULVWLF� VHQVRU\�SURSHUW\� WR� WKH�EHHU��7KH�DVWULQJHQF\� �VOLJKW�DFLGLW\�
DQG�ELWWHU�VPHOO�DQG�WDVWH��ZKLFK�LV�D�UHVXOW�RI�WKH�SUHVHQFH�RI�SRO\SKHQROV�
in the rice beer) in the local rice beer is generated by polyphenols, such as, 
ÀDYRQRLGV� GXULQJ� VWRUDJH� RU� DJLQJ��7KH� VRXUFHV� IRU� GL൵HUHQW� SRO\SKHQROV�
DUH��KHUEV��ULFH�YDULHWLHV�DQG�PLFURELDO�PHWDEROLWHV�WKDW�DUH�SURGXFHG�GXULQJ�
WKH�IHUPHQWDWLRQ�DQG�VWRUDJH�>��@�

6.4.6 MACRONUTRIENTS AND MICRONUTRIENTS IN RICE BEER

0DFURQXWULHQWV�DQG�PLFURQXWULHQWV�IXQFWLRQ�DV�FRIDFWRUV�RI�VHYHUDO�FHOOXODU�
HQ]\PHV��([DPSOHV�RI�WKHVH�PHWDOV�LQFOXGH�VRGLXP��1D���LURQ��)H���FRSSHU�
�&X���SRWDVVLXP� �.���PDQJDQHVH� �0Q��� DQG�]LQF� �=Q���0HWDO� LRQV�SURYLGH�
YDULRXV� VWUXFWXUDO�� UHJXODWRU\�� DQG� PHWDEROLF�FDWDO\WLF� DFWLYLWLHV� LQ� WKH�
FHOO� �V��� 7KHVH� PHWDOV� LQYROYH� WKH� IRUPDWLRQ� DQG� GHYHORSPHQW� RI� ERQHV��
DPLQR� DFLG� V\QWKHVLV�� FKROHVWHURO�� DQG� FDUERK\GUDWH� PHWDEROLVPV�� UHGXFH�
WR[LFLW\��DQG�SDUWLFLSDWH� LQ� WKH�R[LGR�UHGXFWLRQ�SURFHVVHV��3UHVHQFH�RI�1D��
&X��DQG�=Q�KDV�EHHQ�UHSRUWHG�ZLWKLQ�WKH�SHUPLVVLEOH�OLPLWV� LQ�ULFH�EHHU�LQ�
GLIIHUHQW�FRPPXQLWLHV�LQ�$VVDP��QDPHO\��$KRP��0LVLQJ��DQG�'HRUL��>��@��
,Q�FRPSDULVRQ�WR�EDUOH\�DQG�ZKHDW�EHHUV�� WKHUH�ZDV�QR�VLJQLILFDQW�FKDQJH�
LQ�OHYHOV�RI�.��)H��1L��0Q��DQG�=Q��ZKLOH�WKH�OHYHOV�RI�&R��3E��DQG�&G�ZHUH�
YDULHG��7KH�HVWLPDWHG�LQWDNH�RI�WKHVH�PHWDOV�LQ�ULFH�EHHU�E\�DQ�LQGLYLGXDO�RI�
WKDW�FRPPXQLW\�ZDV�IRXQG�WR�EH�ZLWKLQ�OLPLWV�RI�WKH�UHFRPPHQGHG�GLHWDU\�
DOORZDQFH��ZKLFK�LQGLFDWHG�VDIH�FRQVXPSWLRQ�RI�WKH�ORFDO�ULFH�EHHU�>��@�
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6.4.7 ROLE OF MICROBES IN THE PRODUCTION OF RICE BEER

$�JURXS�RI�PLFURRUJDQLVPV� �H�J��� ILODPHQWRXV� IXQJL��\HDVW��DQG�D�JURXS�RI�
ODFWLF�DFLG�EDFWHULD��/$%��FDWHJRUL]HG�DV�SURELRWLFV��SHUIRUP�WKH�IHUPHQWDWLRQ�
SURFHVV�>��@��/$%�LQYROYHG�IHUPHQWDWLRQ�SURFHVV�SURYLGHV�ODFWLF�DFLG�DV�WKH�
HQG�SURGXFW��/$%V�DUH�DFLG�WROHUDQW��S+�����QRQ�PRWLOH��QRQ�VSRUH�IRUPHUV��
*UDP�SRVLWLYH� FRFFL�� DQG� URG�VKDSHG�� )HZ� H[DPSOHV� RI� /$%V� DUH�Lacto-
bacillus, Lactococcus, Leuconostoc, Pediococcus, Streptococcus, Corne-
bacterium, Enterococcus, and Weissella. 7KH\� SURGXFHK\GURODVH�HQ]\PHV��
ZKLFK�FDQ�FRQYHUW�SODQW�GHULYHG�SRO\VDFFKDULGHV�� LQFOXGLQJ�SHFWLQ¶V��JXPV��
DQG� [\ODQV��%HVLGHV� WKLV�� WKH\� LQFUHDVH� WKH� OHYHOV� RI� HVVHQWLDO�PHWDEROLWHV��
LQFOXGLQJ�YLWDPLQV��DVSDUWLF�DFLG��JOXWDPLF�DFLG�LQ�WKH�IHUPHQWHG�SURGXFW�>��@��
7KH�PDMRU�SOD\HUV�LQ�ULFH�EHHU�IHUPHQWDWLRQ�LQFOXGH��ILODPHQWRXV�IXQJL�DQG�
yeast, such as, Saccharomyces, Candida, Saccharomycopsis, Aspergillus, 
Rhizopus, HWF��>����@�

7KH�VHFUHWLRQ�RI�H[WUDFHOOXODU�DP\ORO\WLF�HQ]\PHV�EUHDNV�WKH�VWDUFK�LQWR�
PRQRPHULF� IRUPV� RI� JOXFRVH� DQG� PDOWRVH� >��@�� 7KH� WH[WXUH�� DURPD�� DQG�
VHQVRU\�TXDOLWLHV�RI�ULFH�EHHU�DUH�GXH�WR�WKH�PHWDEROLF�DFWLYLW\�RI�WKH�\HDVW��
)XUWKHUPRUH�� WKHVH�PLFURRUJDQLVPV� SURGXFH� JDV�� HVWHUV�� DOFRKROV�� YRODWLOH�
DFLGV�DQG�RWKHU�FRPSRXQGV��3URELRWLFV�UHGXFH�WKH�SUREDELOLW\�RI�JURZWK�RI�
pathogens or destroy mycotoxins, endotoxins, and anti-nutrients. Further, 
WKH\�R൵HU�WKHUDSHXWLF�YDOXHV�RI�WKH�ULFH�EHHU�E\�HQULFKLQJ�DQWLR[LGDQWV�DQG�
DQWLPLFURELDOV�>��@��6HYHUDO�LQYHVWLJDWRUV�LVRODWHG�RI�PLFUREHV�IURP�ULFH�EHHU�
>���@��VXFK�DV�

• 'LIIHUHQW�VSHFLHV�RI�Kloeckera, Candida, Hanseniaspora, and Pischia 
LQ�DSRQJ�LQ�$VVDP�DQG�$UXQDFKDO�3UDGHVK�>��@�

• 'LIIHUHQW� W\SHV�RI�/$%� �VXFK� DV��Pediococcus pentosaceus, Lacto-
bacillus plantarum and Lactobacillus brevis) in hamei and marcha 
0DQLSXU�>�@�

• Hansenula anomala� DQG� /$%� LQ� ULFH� EHHU� IURP� GLIIHUHQW� SDUWV� RI�
1RUWK�(DVWHUQ�UHJLRQ�RI�,QGLD�>��@�

• Pediococcus pentosaceus, Debaryomyces hansenii, Bacillus circu-
lans, Bacillus firmus, Bacillus pumilus and Bacillus catarosporous in 
MXGLPD�>���@�

• Rhizopus sp. LQ�]XWKR��SUHSDUHG�LQ�1DJDODQG�>��@��DQG
• <HDVWV��VXFK�DV��Saccharomyces cerevisiae).

Saccharomyces cereviseae� LQ� DOO� WUDGLWLRQDO� IHUPHQWHG� GULQNV� >��@��
Wickerhamomyces anomalus LQFKXELWFKL�DQG�ZDQWL�LQ�*DUR�KLOOV�>��@�ZHUH�
DOVR�LGHQWL¿HG��$�PHWDJHQRPLF�DSSURDFK�LQ�[DM�SLWKD�RI�$VVDP�UHYHDOHG�WKH�
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SUHVHQFH�RI�IXQJL�Mucor circinelloides, Rhizopus delemar and Aspergillus 
sp., budding yeast Wickerhamomyces ciferrii, Meyerozyma guilliermondii, 
and Debaryomyces hansenii, yeasts Dekkera bruxellensis and Ogataea 
parapolymorpha� EHVLGHV� WKH� GRPLQDQFH� RI� /$%�� OLNH� Lactobacillus 
plantarum, Lactobacillus brevis, Lactobacillus pseudomesenteroides, 
Leuconostoc lactis, Lactococcus lactis, Weissella paramesenteroides, and 
Weissella cibaria >��@��$� VWXG\� UHSRUWHG� WKH� LVRODWLRQ�RI�Enterococcus sp. 
IURP�IHUPHQWHG�¿VK�LQ�0HJKDOD\D�>��@��ZKLFK�SURGXFHV�ELRDFWLYH�FRPSRXQGV�
ZLWK�DQWLPLFURELDO�SURSHUWLHV�>�@�

6.5 NUTRITIONAL VALUE OF RICE AND HEALTH BENEFITS OF 
RICE BEER

1XWULWLRQDO�YDOXH�RI�IRRG�GHSHQGV�RQ�SUHVHQFH��ERWK�TXDOLWDWLYH�DQG�TXDQ-
WLWDWLYH��RI�YDULRXV�PDFUR��DQG�PLFUR�QXWULHQWV��YLWDPLQV��IUHH�DPLQR�DFLGV��
SK\WRFKHPLFDOV� �VXFK� DV�� IODYRQRLGV�� SRO\SKHQROV��� SURWHLQ�� DQG� FDUERK\-
drates, including prebiotics.

5LFH�EHHU�R൵HUV�YHUVDWLOH�KHDOWK�EHQH¿WV��7KH�DYDLODELOLW\�RI�ULFH�EHHU�LV�
OLQNHG�WR�WKH�DYDLODELOLW\�RI�WKH�UDZ�PDWHULDOV��WKH�JHRJUDSKLFDO�EDUULHUV�DQG�
HQYLURQPHQWDO�FRQGLWLRQV�>��@��3ULPDULO\��WKH�EHQH¿FLDO�H൵HFWV�RI�ULFH�EHHU�
DUH�VHHQ�LQ�DOWHULQJ�DQG�PDLQWDLQLQJ�WKH�JXW�SUR¿OH�DQG�LQWURGXFLQJ�GLYHUVLW\�
LQ� WKHP��%HLQJ�SDUW�RI� WKH�VRFLR�FXOWXUDO� OLIH��ULFH�EHHU� LV�H൵HFWLYH�DJDLQVW�
DLOPHQWV��VXFK�DV��DPRHERLVLV��DFLGLW\��YRPLWLQJ��DQG�LW�KHOSV�LQ�FKROHVWHURO�
UHGXFWLRQ�DQG�HQGRFULQH�IXQFWLRQ��5LFH�EHHU�FRPSULVHV�D�YDVW�DUUD\�RI�EHQH¿-
FLDO� PLFUREHV�� LQFOXGLQJ� SURELRWLFV� >���@�� %LRFKHPLFDO� SURSHUWLHV� UHYHDO�
YDULDWLRQ�LQ�WKH�TXDOLW\�RI�ULFH�EHHU�DPRQJ�GL൵HUHQW�LQGLJHQRXV�FRPPXQLWLHV�
LQ�1RUWK�(DVW�,QGLD��7KH�YDULDWLRQ�LQ�WKH�FRPSRVLWLRQ�RI�ULFH�EHHU�GHSHQGV�RQ�
WKH�PHWKRGRORJ\�RI�SUHSDUDWLRQ��LQJUHGLHQWV�XVHG�DV�D�IHHGVWRFN�DQG�VWDUWHU�
FXOWXUH��7KH�RUJDQLF�DFLGV�SUHVHQW�LQ�ULFH�EHHU�FRQWULEXWH�XQLTXH�RUJDQROHSWLF�
SURSHUWLHV�>��@��%HVLGHV��LW�R൵HUV�SUHVHUYDWLYH�DFWLYLWLHV�>��@��5LFH�EHHU�KDV�
WKHUDSHXWLF� DFWLYLW\� DJDLQVW� FRQGLWLRQV�� VXFK� DV�� LQVRPQLD�� KHDGDFKH�� DQG�
ERG\�DFKH��UHGXFWLRQ�LQ�LQÀDPPDWLRQ�RI�ERG\�SDUWV��RFFXUUHQFH�RI�GLDUUKHD��
FKROHUD��DQG�XULQDU\�SUREOHPV��DQG�H[SHO�ZRUPV�>�����������@��)XUWKHUPRUH��
some communities prepare diluted rice beer with water prior to consumption 
GXH�WR�KLJKO\�DFLGLF�QDWXUH�RI�WKH�ULFH�EHHU�

0HWDEROLWHV� LQ� ORFDO� ULFH� EHHU� KDYH� EHQH¿FLDO� H൵HFWV� RQ� WKH� LPPXQH�
V\VWHP� DQG� KDYH� SURWHFWLYH� DFWLYLWLHV� DJDLQVW� VHYHUDO� GLVHDVHV� >��@�� 7KH�
PDMRU� KHDOWK� EHQH¿WV� IURP� ULFH� EHHU� DUH� R൵HUHG� E\� VHYHUDO� ELRPROHFXOHV�
ZLWK�DQWLR[LGDQW�DFWLYLWLHV�>���@��7KH�SKHQROLF�FRPSRXQGV�R൵HU�DQWLR[LGDQW�
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DFWLYLW\� E\� WUDQVIHUULQJ� K\GURJHQ� DWRPV� WR� UHDFWLYH� R[\JHQ� VSHFLHV� >��@��
Reports suggested that phytochemicals in rice beer stimulate the immune 
V\VWHP�� UHJXODWH� JHQH� H[SUHVVLRQ� LQ� FHOO� SUROLIHUDWLRQ� DQG� DSRSWRVLV� >��@��
5LFH� EUDQ� IHUPHQWHG� ZLWK� \HDVW� �Saccharomyces boulardii) showed the 
SRWHQWLDO�WR�UHGXFH�WKH�JURZWK�RI�KXPDQ�%�FHOO�O\PSKRPDV�>��@��7RFRSKHURO�
DQG�WRFRWULHQROV��OLSLG�VROXEOH�PHWDEROLWHV�HQFRXUDJH�DQWL�LQÀDPPDWRU\�FHOO�
VLJQDOLQJ�SURFHVV�>������@��5LFH�EHHU�FDQ�IXUWKHU�VXSSUHVV�FDUFLQRJHQHVLV�LQ�
HVRSKDJXV��VWRPDFK��OLYHU��FRORQ��DQG�EODGGHU�>��@�

'L൵HUHQW� FRPSRQHQWV� LQ� ULFH� EHHU� �VXFK� DV�� SRO\SKHQROV�� SK\WLF� DFLG��
WU\SVLQ� LQKLELWRU�FDQ� LPSURYH� GLJHVWLRQ� >��@�� *HUPLQDWHG� ULFH� ZKHQ�
IHUPHQWHG�ZLWK�SURELRWLFV�PDNHV�LW�D�KHDOWK\�IRRG�ZLWK�QDWXUDO�¿EHU��LQRVLWRO�
KH[DSKRVSKDWH�DQG�J�DPLQREXW\ULF�DFLG�>��@��5HVHDUFKHUV�KDYH�HVWDEOLVKHG�
WKDW�/$%V�KHOS�LQ�SUHYHQWLQJ�GLDUUKHD��IDYRULQJ�JURZWK�RI�QDWXUDO�PLFURELRWD�
LQ�WKH�JXW��UHJXODULW\�LQ�ERZHO�PRYHPHQWV�DQG�SUHYHQWLQJ�ODFWRVH�LQWROHUDQFH�
>����������@�

)ODYRQRLGV�SUHVHQW�LQ�ULFH�EHHU�VLJQL¿FDQWO\�UHGXFH�WKH�ULVN�RI�FDUGLRYDV-
FXODU�DQG�RWKHU�GHJHQHUDWLYH�GLVHDVHV�>��@��)ODYRQRLGV�LQFUHDVH�DQWLR[LGDQW�
capacity (AOC) in blood. Intestinal cholesterol absorption is reduced by the 
SK\WRVWHUROV� >��@��7KH�DONDORLGV� VKRZ�SKDUPDFRORJLFDO�DFWLYLWLHV�� VXFK�DV��
DQWLPDODULDO��DQWLDVWKPDWLF��DQWLFDQFHU��DQG�DQWLEDFWHULDO�SURSHUWLHV�>�@�

+HDOWK�EHQH¿WV�RI�IHZ�ORFDOO\�DYDLODEOH�ULFH�EHHUV�DUH�OLVWHG�EHORZ�

• $SRQJ�LV�FRQVXPHG�DV�DQ�HQHUJ\�ERRVWHU�GULQN��ZLWK�DGGHG�EHQHILWV�
RI� DQWLPLFURELDO�� DQWLR[LGDQW� SURSHUWLHV�� ,W� LV� DOVR� NQRZQ� WR� UHGXFH�
DJH�UHODWHG�V\PSWRPV�DQG�PDLQWDLQLQJ�NLGQH\�IXQFWLRQ�>������@�

• Bhatti jaanr is consumed to regain physical strength in ailing persons 
DQG�SRVWQDWDO�ZRPHQ��,W�LV�D�PLOG�DOFRKROLF�VZHHW�WDVWLQJ�EHYHUDJH�>��@�

• +DULD�KDV�KLJK�DQWLR[LGDQW�SURSHUW\�DQG�LV�FRQVXPHG�WR�SURWHFW�IURP�
JDVWURLQWHVWLQDO�DLOPHQWV��OLNH��YRPLWLQJ��DPRHELDVLV��DFLGLW\�GLDUUKHD��
DQG�G\VHQWHU\�>��@��3UHVHQFH�RI�PDOWRWHWURVH��PDOWRWULRVH��DQG�PDOWRVH�
LQKLELW�WKH�JURZWK�RI�LQWHVWLQDO�SDWKRJHQV��7KH�E�'�JDODFWRS\UDQRVH�
pentaacetate and b-D-mannopyranose pentaacetate stimulate the 
LPPXQH�UHVSRQVH�DQG�KDYH�DQWL�PXWDJHQLF�DFWLYLWLHV�>��@�

• +RU�DFKRLV�XVHG�WR�FXUH�G\VHQWHU\�DQG�SKDU\QJLWLV�LQ�UXUDO�DUHDV�>���@�
• -RX�LV�XVHG�DV�D�UHIUHVKLQJ�GULQN�DQG�WR�NHHS�WKH�ERG\�UHOD[HG��,W�DOVR�

SUHYHQWV�MDXQGLFH�DQG�XULQDU\�GLVRUGHUV�>��@�
• -XGLPD� KDV� ELRDFWLYLWLHV�� VXFK� DV�� DQWLR[LGDQW�� DQWL�DOOHUJ\�� DQG� DQWL�

LQIODPPDWRU\�DFWLYLW\��DQWLEDFWHULDO��DQWLIXQJDO��DQWLVSDVPRGLF��K\SRWHQ-
VLYH�� K\SROLSLGHPLF�� KHSDWRSURWHFWLYH�� QHXUR�SURWHFWLYH�� DQWL�GLDEHWLF��
DQG�DQWLDJLQJ�>���@�
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• .LDG� LV�EHOLHYHG� WR�DFW� DV� UHPHG\� IRU�XULQDU\�EODGGHU�DLOPHQWV�DQG�
G\VHQWHU\�>���@�

• 5LFH�MDQQ�LV�FRQVXPHG�DV�D�UHIUHVKLQJ�GULQN�WR�ERRVW�WKH�ERG\¶V�HQHUJ\�
OHYHOV�DQG�SURWHFW�DJDLQVW�FROG�>��@�

• 5RNVKLLQ�LV�XVHG�DV�D�EHDXW\�FDUH�SURGXFW�>�@�
• <X�LV�XVHG�WR�UHJXODWH�LUUHJXODU�PHQVWUXDO�IORZ�DQG�LQIHUWLOLW\�IDFWRUV��

EHVLGHV�EHLQJ�XVHG�WR�UHJXODWH�REHVLW\��ORVV�RI�DSSHWLWH�DQG�ORZ�QRXU-
LVKPHQWV�RI�IRRG�>�@�

• =XWKR�ERRVWV�WKH�LPPXQH�IXQFWLRQ��SUHYHQWV�ORVV�RI�DSSHWLWH��ORZHUV�
EORRG� LQVXOLQ� DQG� FKROHVWHURO� OHYHOV�� SUHYHQW� LQIHFWLRQ� DQG�KHOSV� LQ�
ZRXQG�KHDOLQJ�>������@�

3ODQW� VSHFLHV� DQG� SODQW� SDUWV� �VXFK� DV�� URRWV�� VWHP�� EDUN�� DQG� OHDYHV��
are used to prepare the starter culture and also to contribute towards the 
KHDOWK�SURPRWLQJ�H൵HFWV�LQ�ULFH�EHHU��7KH�SODQWV�XVHG�WR�SUHSDUH�WKH�VWDUWHU�
FXOWXUH�DUH�DOVR�XVHG�DV�WUDGLWLRQDO�PHGLFLQH��([DPSOHV�RI�VXFK�SODQWV�DQG�
WKHLU�DSSOLFDWLRQ�DUH�>�����@�

• Allophylus serratus� KHOSV� IRU� WUHDWPHQW�RI� JDVWURLQWHVWLQDO� GLVRUGHU��
LQIODPPDWLRQ��RVWHRSRURVLV��DQG�HOHSKDQWLDVLV�

• Ananas comosus� OHDYHV�DUH�XVHG� IRU� WUHDWPHQW�RI�KHOPLQWKLF� LQIHF-
tions, dysuria, diarrhea, and rheumatism.

• Artocarpus heterophyllus DUH�XVHG�IRU�WUHDWPHQW�RI�VNLQ�GLVHDVH�DQG�
has anthelminthic property.

• Casearia aculeate�H[KLELWV�DQWLEDFWHULDO�DFWLYLW\�
• Citrus sinensis�KDV�DQWLEDFWHULDO�DQG�DQWLIXQJDO�DFWLYLW\��FDUGLR�SURWHF-

WLYH��DQWLGLDEHWLF��DQWLFDQFHU��DQG�DQWL�LQIODPPDWRU\�SURSHUWLHV�
• Litsea monopetala has antioxidant properties.
• Markhamia stipulate DUH�XVHG�IRU�WKH�WUHDWPHQW�RI�QHUYRXV�GLVHDVH�
• Moringa olifera�LV�XVHG�IRU�WKH�WUHDWPHQW�RI�MDXQGLFH�DQG�FRPPRQ�FROG�
• Saccharum officinarum UHOLHYHV�FRQVWLSDWLRQ�

6.6 SUMMARY

Local rice beer in North-East India plays important role in social and cultural 
DFWLYLWLHV�� VXFK� DV� PDUULDJHV�� IHVWLYDOV�� PHUU\PDNLQJ�� GHDWK� FHUHPRQLHV��
FRPPXQLW\�JDWKHULQJ��HWF���DQG�VR�RQ��7KH�GLIIHUHQW�WULEHV�DOPRVW�XVH�VDPH�
PHWKRG� IRU� WKH� EHHU� SUHSDUDWLRQ�� H[FHSW� WKH� YDULDWLRQ� LQ� IHHGVWRFN�� %RWK�
IHHGVWRFN�DQG�VWDUWHU�FXOWXUH�GR�QRW�RQO\� LPSDFW� WKH�GHYHORSPHQW�RI�FRORU��
IODYRU��VZHHWQHVV��HWF���EXW�DOVR�RIIHU�PDQ\�PHGLFLQDO�SURSHUWLHV��7KLV�FKDSWHU�
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GLVFXVVHV�GLIIHUHQW�DVSHFWV�RI�ULFH�EHHU�SUHSDUDWLRQ�LQ�GLIIHUHQW�WULEDO�FRPPX-
QLWLHV�RI�1RUWK�(DVW�,QGLD�
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NATURAL PHYTOBIOACTIVES: 
LET’S EAT SMART!

MANISHA GUHA, NILANJAN DAS, and XAVIER SAVARIMUTHU

CHAPTER 7

ABSTRACT

3ODQW�EDVHG�ELRDFWLYH�FRPSRXQGV�KDYH�GUDZQ�DWWHQWLRQ�RI�DOO�FRPPXQLWLHV�
DURXQG� WKH� ZRUOG� GXH� WR� WKHLU� XQLTXH� ELRFKHPLFDO� DFWLYLWLHV� DQG� KHDOWK�
EHQHILWV��5HVHDUFK�VWXGLHV�KDYH�FRQILUPHG�WKH�VDIHJXDUGLQJ�HIIHFWV�RI�FHUWDLQ�
SODQW�EDVHG�GLHWV�RQ�FDUGLRYDVFXODU�GLVHDVHV��REHVLW\��FDQFHU��GLDEHWHV��HWF��
1XWULJHQRPLFV� DQG� IRRG� ELRWHFKQRORJ\� VKRXOG� HQFRPSDVV� ELRIRUWLILFDWLRQ�
RI�IRRGV�ZLWK�SK\WRELRDFWLYHV�DSDUW�IURP�MXVW�FRQYHQWLRQDO�QXWULHQWV�WR�ERRVW�
ZHOO�EHLQJ�RI�KXPDQV��3ODQWV�SURGXFH�D�ZLGH�UDQJH�RI�ELRDFWLYH�FRPSRXQGV�
DV�SULPDU\�DQG�VHFRQGDU\�PHWDEROLWHV��7KLV�FKDSWHU�SURYLGHV�D�FRPSUHKHQVLYH�
UHYLHZ�RI�KHDOWK�EHQHILFLDO�UROHV�RI�FHUWDLQ�VHFRQGDU\�PHWDEROLF�FRPSRXQGV�
�VXFK�DV��WHUSHQHV��DONDORLGV��DQG�SKHQROLFV��IURP�SODQWV��DQG�QXWULJHQRPLFV��
)XUWKHUPRUH� LQ� WKLV� FKDSWHU�� GLIIHUHQW� WHFKQRORJLHV� IRU� H[WUDFWLRQ� RI�
SK\WRELRDFWLYHV�DQG�WKHLU�PRGH�RI�GHOLYHU\�DUH�GLVFXVVHG�

7.1 INTRODUCTION

7KH�VFHQDULR�RI�QHJOLJHQFH�RI�WKH�QHFHVVLW\�RI�D�KHDOWK\�OLIH�VW\OH�SURYLGHV�
H[FHOOHQW�RSSRUWXQLWLHV�IRU�FKURQLF�GLVHDVHV�WR�WKULYH��VXFK�DV��FDUGLRYDVFXODU�
GLVHDVHV� �&9'V��� GLDEHWHV�� R[LGDWLYH� VWUHVV�UHODWHG� GLVRUGHUV�� FDQFHU�� HWF��
$FFRUGLQJ� WR� UHFHQW� UHSRUWV� E\� WKH� :RUOG� +HDOWK� 2UJDQL]DWLRQ� �:+2���
³CVDs cause the death of about 17.9 million people worldwide, which is 
about 31% of all global deaths >��@�´�7KH�UDWH�RI�RFFXUUHQFH�RI�&9'�DQG�LWV�
UHODWHG�GHDWKV�KDV�LQFUHDVHG�RYHU�WKH�SDVW�IHZ�GHFDGHV��:+2�UHSRUWV�FDQFHU�
WR�EH�³WKH�VHFRQG�PRVW�GRPLQDQW�FDXVH�RI�GHDWK�ZRUOGZLGH�ZLWK�DERXW�����
PLOOLRQ�GHDWKV�DQQXDOO\�>��@�´�:+2¶V�JOREDO�UHSRUW�RQ�GLDEHWHV�LQGLFDWHV�WKDW�
WKH�QXPEHU�RI�SHUVRQV�VXIIHULQJ�IURP�GLDEHWHV�KDV�VKRW�XS�IURP�����PLOOLRQ�
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in 1980 to 422 million in 2014. In 2016, about 1.6 million deaths were caused 
E\�GLDEHWHV�GLUHFWO\�>��@�

2EHVLW\�FDVHV�KDYH�QHDUO\� WULSOHG�DFURVV� WKH�ZRUOG�UHVXOWLQJ� LQ�D�VLWXD-
WLRQ��ZKHUH�PRVW�SHRSOH�OLYH�LQ�FRXQWULHV�ZLWK�REHVLW\�FODLPLQJ�PRUH�OLYHV�
WKDQ�PDO�QRXULVKPHQW�>��@��,Q�VXFK�D�SDWKHWLF�VFHQDULR��D�KHDOWK\�GLHW�DQG�
SK\VLFDO�DFWLYLW\�DUH�ZKDW�ZH�VKRXOG�WXUQ�WR�DW�WKH�HDUOLHVW�

+HDOWK\�IRRG�FRQWDLQV�PDQ\�FRPSRQHQWV�WR�EHQH¿W�RXU�ERGLHV�LQ�PXOWL-
IDULRXV�ZD\V��6XFK�FRPSRQHQWV�DUH�SUHVHQW�LQ�GL൵HUHQW�FDWHJRULHV�RI�IRRGV��
1RW�DOO�UHTXLUHG�IRRG�LWHPV�DUH�DYDLODEOH�LQ�DOO�JHRJUDSKLFDO�ORFDWLRQV�ZLWK�
HTXDO� DEXQGDQFH��7KHUHIRUH�� VFLHQWLVWV� KDYH� WXUQHG� WRZDUGV� VXSSOHPHQWLQJ�
VWDSOH�IRRG�LWHPV�ZLWK�WKH�UHTXLUHG�QXWULHQWV��DQG�DOVR�PDNLQJ�WKH�UHTXLUHG�
VXSSOHPHQWV�FRPPHUFLDOO\�DYDLODEOH�E\�ODUJH�VFDOH�LQGXVWULDO�V\QWKHVLV�>��@�

1XPHURXV�ELR�IRUWL¿HG�IRRGV�LQ�WKH�PDUNHW��DQG�WKH�KXJH�QXPEHU�RI�IHUPHQ-
WDWLRQ�LQGXVWULHV�ZRUOGZLGH�EHDU�WHVWLPRQ\�WR�WKH�VXFFHVV�RI�UHVHDUFK�LQ�WKLV�¿HOG��
+RZHYHU��PRVW�RI�WKH�HQJLQHHUHG�FRPSRQHQWV�EHORQJ�WR�HLWKHU�WKH�PDFUR��RU�WKH�
PLFUR�QXWULHQW�FDWHJRU\��2I�ODWH��D�QHZ�FDWHJRU\�QDPHG�µELRDFWLYH¶� LV�JDLQLQJ�
LQFUHDVLQJ�DWWHQWLRQ�LQ�WKH�IRRG�DQG�QXWULWLRQ�UHVHDUFK�VWXGLHV��%LRDFWLYH�IRRG�
FRPSRQHQWV�DUH�EHQH¿FLDO�IRU�KHDOWK��DOWKRXJK�QRW�HVVHQWLDO��%LRDFWLYHV�HQFRP-
SDVV�DOO�QRQ�HVVHQWLDO�ELR�PROHFXOHV�SUHVHQW�LQ�IRRG��ZKLFK�GLVSOD\�WKH�DELOLW\�
WR�PRGXODWH�PHWDEROLF�SURFHVVHV��FRQWULEXWLQJ�WR�EHWWHU�KHDOWK��7KH\�DUH�RIWHQ�
IRXQG�LQ�P\ULDG�IRUPV��VXFK�DV��JO\FRV\ODWHG��K\GUR[\ODWHG��HVWHUL¿HG��HWF�

0RVW�RI�WKH�DYDLODEOH�ELRDFWLYH�FRPSRXQGV�DUH�RI�SODQW�RULJLQ��7KH\�DUH�
WHUPHG� DV� ³SK\WRELRDFWLYHV�´� 7KH\� KHOS� QRW� RQO\� LQ� PHWDEROLVP� WKURXJK�
DFWLQJ�DV�LQWHUQDO�VLJQDOLQJ�FRPSRQHQWV��EXW�DOVR�E\�PRGLI\LQJ�JHQHV��7KH�
LQWHUDFWLRQ�RI�GLHWDU\�IDFWRUV�ZLWK�WKH�JHQRPH�LV�LPSRUWDQW�LQ�WKH�GHYHORS-
PHQW�DQG�SURJUHVVLRQ�RI�GLVHDVHV�>��@�

With rich culture and traditional knowledge, Indians knew that certain 
DFWLYH�LQJUHGLHQWV�RI�GL൵HUHQW�SODQW�LWHPV�DUH�EHQH¿FLDU\�WR�KHDOWK��³Charaka 
Samhita´� GHVFULEHV� DQ� DQFLHQW� DQG� WUDGLWLRQDO� V\VWHP� RI� ,QGLDQ�PHGLFDWLRQ�
FRPSOHWHO\�EDVHG�RQ�SODQW�H[WUDFWV�DQG�KHUEV��)LYH�FKDSWHUV�RI�WKLV�ERRN�DUH�
FRPSOHWHO\�GHGLFDWHG�WR�³Aharatatva RU�GLHWHWLFV�´�ZKLFK�VWDWHV�WKDW�D�KHDOWK\�
GLHW�JLYHV�ZD\�WR�JRRG�KHDOWK��ZKHUHDV�DQ�XQKHDOWK\�GLHW�JLYHV�ZD\�WR�PDODGLHV�

³7KH�WDVWHV�DUH�VL[��VXFK�DV��VZHHW��VRXU��VDOLQH��SXQJHQW��ELWWHU��DQG�DVWULQJHQW�
Properly used, they nourish our body.

,PSURSHUO\�XVHG��H[FHVV�RU�GH¿FLHQW���WKH\�OHDG�WR�WKH�SURYRFDWLRQ�RI�WKH�Dosha.
7KH�Dosha�DUH�WKUHH��Vayu, Pitta, and, Kapha.

:KHQ�WKH\�DUH�LQ�WKHLU�QRUPDO�VWDWH��WKH\�DUH�EHQH¿FLDO�WR�RXU�ERG\�
+RZHYHU��ZKHQ�WKH\�EHFRPH�GLVRUJDQL]HG�� 

WKH\�D൷LFW�WKH�ERG\�ZLWK�GLVHDVHV�RI�GLYHUVH�NLQGV�´
²&KDUDND�6DPKLWD�������±������>�����������������@�
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6LPLODU� WUDGLWLRQDO�NQRZOHGJH�DOVR�H[LVWHG� LQ�&KLQD��$IULFD��DQG�D� IHZ�
RWKHU�FRXQWULHV�>������@��3UREDEO\��WKHLU�H[DFW�UROH�LQ�KHDOWK��DQG�PRGHV�RI�
DFWLRQ� ZHUH� QRW� NQRZQ��:LWK� VFLHQWL¿F� UHYROXWLRQ� RYHU� WKH� \HDUV�� UHFHQW�
UHVHDUFK�VWXGLHV� LQ� WKLV�¿HOG�DUH�EULQJLQJ�IRUWK� WKH�VHFUHWV�RI�ELRDFWLYHV�LQ�
DPHOLRUDWLQJ�KHDOWK�>�������@��,QFUHDVLQJ�FRQVXPHU�DZDUHQHVV�DQG�VKLIW�WR�D�
KHDOWK\�OLIHVW\OH�DQG�GLHW�DOVR�KROG�JRRG�PDUNHW�SURVSHFWV�FRPPHUFLDO�SURG-
XFWV�VXSSOHPHQWHG�ZLWK�IXQFWLRQDO�LQJUHGLHQWV��)LJXUH�����LQGLFDWHV�SDUWV�RI�
WKH�ZRUOG��ZKHUH�WUDGLWLRQDO�NQRZOHGJH�RI�SODQWV�H[LVWV�DQG�LV�EHLQJ�XVHG�E\�
tribal communities.

FIGURE 7.1 'LVWULEXWLRQ� RI� WUDGLWLRQDO� NQRZOHGJH� RI� SODQW� FRPSRQHQWV� LQ� WKH� FRXQWULHV�
around the world. Countries marked with green color practice plant-based traditional knowledge.
Source: 0DS� GHYHORSHG� IURP�� ³KWWSV���ZZZ�DUPFKDUWV�FRP�YLVLWHGBFRXQWULHV�´� ZLWK� GDWD�
DGDSWHG�IURP�$PHK�HW�DO��>�@�

7KLV� FKDSWHU� GLVFXVVHV� W\SHV� RI� SK\WRELRDFWLYH� FRPSRXQGV�� YDULRXV�
PHWKRGV�RI�WKHLU�H[WUDFWLRQ�DQG�WKHLU�UROHV�LQ�KXPDQ�KHDOWK��ZLWK�DQ�REMHF-
WLYH�WR�JHQHUDWH�DZDUHQHVV�DJDLQVW�FHUWDLQ�ZLGHVSUHDG�FKURQLF�SDWKRORJLFDO�
FRQGLWLRQV�� DQG� KRZ� ZH� FDQ� FRQWULEXWH� WR� UHGXFLQJ� WKHLU� SUHYDOHQFH� E\�
FKDQJLQJ�RXU�GLHW�DQG�OLIHVW\OH�

7.2 TYPES OF PHYTOBIOACTIVES

/DUJH� QXPEHU� RI� ELR�DFWLYHV� DUH� SUHVHQW� QRW� RQO\� LQ� SODQW� DQG� DQLPDO�
SURGXFWV�EXW�DOVR�LQ�PLFUREHV��+RZHYHU�� WKH�PDMRULW\�DUH�REWDLQHG�IURP�
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204 Plant-Based Functional Foods and Phytochemicals

SODQWV��7KH� ELR�DFWLYHV� REWDLQHG� IURP� SODQWV� DUH� WHUPHG� DV� SK\WRELRDF-
WLYHV��7KH\�YDU\�ZLGHO\�ERWK�LQ�VWUXFWXUH�DQG�IXQFWLRQ��$FFRUGLQJO\��WKH\�
EHORQJ�WR�VHYHUDO�JURXSV��VXFK�DV��IODYRQRLGV��FDURWHQRLGV��SK\WRVWHUROV��
WRFRSKHUROV�� FDUQLWLQH�� SK\WRHVWURJHQV�� FKROLQH�� FUHDWLQH�� FRHQ]\PH� 4��
anthocyanins, dithiolthiones, glucosinolates, prebiotics, polysaccharides, 
WDXULQH��HWF���>��@�

7KH�ELRDFWLYHV�FDQ�EH�FODVVL¿HG�HLWKHU�EDVHG�RQ�WKHLU�FKHPLFDO�VWUXFWXUH�
RU� ELRV\QWKHWLF� SDWKZD\� >��@�� 3ODQW�EDVHG� ELRDFWLYH� FRPSRXQGV� FDQ� EH�
FODVVL¿HG�EURDGO\� LQWR� WKUHH�PDMRU� FDWHJRULHV�EDVHG�RQ� VWUXFWXUH�� VXFK�DV��
terpenes and terpenoids, alkaloids, and phenolics.

7.2.1 TERPENE

7HUSHQHV� DUH� K\GURFDUERQV� FRPSRVHG� RI� LVRSUHQH� XQLWV� �EDVLF� VWUXFWXUDO�
HOHPHQW�RI�WHUSHQHV���7KH\�DUH�V\QWKHVL]HG�IURP�LQWHUPHGLDWHV�RI�JO\FRO\VLV�
RU� DFHW\O�&R$�� DQG� DUH� SURGXFHG� E\� WKH�PHYDORQDWH� DQG� QRQ�PHYDORQDWH�
�0(3��SDWKZD\V��7HUSHQRLGV�DUH�GHULYHG�IURP�WHUSHQHV�E\�VRPH�UHDUUDQJH-
PHQW�LQ�WKH�VWUXFWXUH�RU�R[LGDWLRQ�SURFHVV��7D[RO�IURP�EDUN�DQG�QHHGOHV�RI�
Taxus baccata�DQG�IRUVNROLQ� IURP�URRWV�RI�Coleus forskohlii are diterpene 
SK\WRELRDFWLYHV� KDYLQJ� DQWL�FDQFHU� �DJDLQVW� RYDULDQ� DQG� EUHDVW� FDQFHU�
>��@�� DQG� DQWL�K\SHUWHQVLRQ�� DQWL�JODXFRPD� SURSHUWLHV� >���@�� UHVSHFWLYHO\��
In Figure 7.2, Taxus baccata and Coleus forskohlii are presented, whereas 
)LJXUH�����LQGLFDWHV�WKH�VWUXFWXUHV�RI�WHUSHQRLGV�

FIGURE 7.2 Taxus baccata�SODQW��$��>0RGLILHG�IURP�WKH�3RLVRQ�*DUGHQ�ZHEVLWH�>���@@��
EDUN�RI�WD[XV��%��>0RGLILHG�IURP�WKH�WUHH�HEE�>���@@��QHHGOHV�RI�WD[XV��&��>PRGLILHG�IURP�
WKH�ZRRGODQG�7UXVW�>���@@��Coleus forskohlii�SODQW��'��>PRGLILHG�IURP�XOWLPDWH�KHUEDO�KHDOWK�
>��@@��DQG�URRWV�RI�Coleus forskohlii��(��>PRGLILHG�IURP�.DPRKDUD�HW�DO��>��@@�
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FIGURE 7.3 *HQHUDO� VWUXFWXUH� RI� PRQRWHUSHQH� �$�� >0RGLILHG� IURP� >��@@�� JHQHUDO�
VWUXFWXUH� RI� VHVTXLWHUSHQH� �%�� >0RGLILHG� IURP� >��@@�� DQG� VWUXFWXUH� RI� ,VRSUHQH� XQLW� �&��
>PRGLILHG�IURP�>�@@�

7.2.2 ALKALOIDS

Alkaloids are naturally occurring organic substances with nitrogen in the 
heterocyclic ring (s). Alkaloids are mostly alkaline with the nitrogen atom 
SURWRQDWHG�� $ONDORLGV� DUH� SURGXFHG� E\� WKH� VKLNLPLF� DFLG� SDWKZD\�� 7KH�
ILUVW� DONDORLG� WR� EH� LVRODWHG� ZDV� PRUSKLQH� IURP� WKH� IORZHUV� RI�Papaver 
somniferum��WKH�RSLXP�SRSS\���4XLQLQH��IURP�WKH�EDUN�RI�FLQFKRQD�WUHHV��
DQG� HSKHGULQH� �IURP� Ephedra�� DUH� DONDORLGV� ZLWK� DQWL�PDODULDO� >�@� DQG�
DQWL�DVWKPDWLF�DFWLYLWLHV�� UHVSHFWLYHO\� >��@��([DPSOHV�RI�SODQWV�SURGXFLQJ�
alkaloids are shown in Figure 7.4, while Figure 7.5 indicates the alkaloid 
structures.

FIGURE 7.4 &LQFKRQD�SODQW��$��>PRGLILHG�IURP�DQ�RSHQ�DFFHVV�VRXUFH�:LNLSHGLD�>���@@��
EDUN� RI� FLQFKRQD� �%�� >PRGLILHG� IURP�%ULWDQQLFD� >��@@�� HSKHGUD� �&�� >PRGLILHG� IURP� WKH�
1,+�QDWLRQDO�FHQWHU�IRU�FRPSOHPHQWDU\�DQG�LQWHJUDWLYH�KHDOWK�>��@@��VWUXFWXUH�RI�HSKHGULQH�
�'��>PRGLILHG�IURP�HSKDUPDFRJQRV\�FRP�>��@@��Papaver somniferum�SODQW��(��>PRGLILHG�
IURP�KHUEV�QDWXUDO�PHGLFLQDO�KHUEV�>��@@��DQG�ODWH[�RI�SDSDYHU��)��>PRGLILHG�IURP�5RVLQ�
&HUDWH�>���@@�
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206 Plant-Based Functional Foods and Phytochemicals

FIGURE 7.5 *HQHUDO�VWUXFWXUH�RI�DONDORLGV��$��>PRGLILHG�IURP�>��@@��VWUXFWXUH�RI�PRUSKLQH�
�%��DQG�TXLQLQH��&��>PRGLILHG�IURP�%ULWDQQLFD�>��@@�

7.2.3 PHENOLICS

3KHQROLFV� DUH� FRPSRXQGV� ZLWK� DURPDWLF� EHQ]HQH� ULQJV� ZLWK� RQH� RU� PRUH�
K\GUR[\O�JURXSV��7KH\�DUH�SURGXFHG�E\�SODQWV�LQ�UHVSRQVH�WR�VWUHVV��DQG�DUH�
SURGXFHG�WKURXJK�WKH�VKLNLPLF�RU�PDORQLF�DFLG�SDWKZD\��)ODYRQRLGV��LVRIOD-
YRQRLGV��DQG�DQWKRF\DQLQV�DUH�VXEFDWHJRULHV�RI�SKHQROLFV�>��@��7KHVH�DUH�WKH�
ODUJHVW�JURXS�RI�SK\WRFKHPLFDOV��$URXQG������GLHWDU\�SKHQROLFV�KDYH�EHHQ�
GLVFRYHUHG�� RXW� RI�ZKLFK� RYHU� ����� DUH� IODYRQRLGV� >���@�� 3ODQW� SKHQROLFV�
DUH�XELTXLWRXV�DQG�VHUYH�DV�HVVHQWLDO�KXPDQ�GLHWDU\�FRPSRQHQWV�>��@��*DOOLF�
DFLG�HTXLYDOHQWV�LQ�JUDSHV�DFW�DV�DQWL�R[LGDQWV�>��@��)LJXUH�����VKRZV�JHQHUDO�
VWUXFWXUH�RI�WKH�SKHQROLFV��)LJXUH�����LQGLFDWHV�V\QWKHVLV�SDWKZD\V�RI�PDMRU�
SODQW�ELRDFWLYH�FRPSRXQGV�

FIGURE 7.6 *HQHUDO�VWUXFWXUH�RI�SKHQROLF�FRPSRXQGV��$��%��
Source: )LJXUH�$�DQG�)LJXUH�%�ZHUH�PRGLILHG�IURP�5HIV��>������@��UHVSHFWLYHO\�

)RXU�PDMRU�SDWKZD\V�IRU�V\QWKHVLV�RI�SK\WRELRDFWLYHV�DUH�>���@�

• 0DORQLF�$FLG�3DWKZD\��IRU�3KHQROLFV�� Carbohydrate metabolism 
OHDGV�WR�WKH�SURGXFWLRQ�RI�DFHW\O�&R$��ZKLFK�HQWHUV�WKH�PDORQLF�DFLG�
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SDWKZD\�WR�SURGXFH�SKHQROLFV��+RZHYHU��WKH�VKLNLPLF�DFLG�SDWKZD\�LV�
PDMRU�ELRV\QWKHVLV�SDWKZD\�IRU�SKHQROLFV�

FIGURE 7.7 )ORZ�FKDUW�IRU�ELRV\QWKHWLF�SDWKZD\V�RI�PDMRU�SODQW�ELRDFWLYHV�
Source:�0RGLILHG�IURP�5HI��>��@�

• 0HYDORQDWH� 3DWKZD\� �IRU� 7HUSHQHV�� A six-carbon intermediate, 
PHYDORQLF� DFLG�� LV� IRUPHG� E\� MRLQLQJ� WKUHH� DFHW\O�&R$�PROHFXOHV��
7KLV�� LQ� WXUQ�� LV� FRQYHUWHG� LQWR� LVRSHQWHQ\O� GLSKRVSKDWH�� 7KLV�
FRPSRXQG�DORQJ�ZLWK�LWV�LVRPHU�GLPHWK\ODOO\O�GLSKRVSKDWH�IRUPV�WKH�
EXLOGLQJ�EORFNV�RI�WHUSHQRLGV�

• 1RQ�0HYDORQDWH�3DWKZD\��IRU�7HUSHQHV���$SDUW�IURP�PHYDORQLF�DFLG�
SDWKZD\�� WZR�FDUERQ�DWRPV� IURP�S\UXYDWH�FRPELQH�ZLWK�JO\FHUDOGH-
K\GH���SKRVSKDWH��LQWHUPHGLDWHV�RI�JO\FRO\VLV��WR�IRUP�DQ�LQWHUPHGLDWH�
FRPSRXQG��ZKLFK�\LHOGV�LVRSHQWHQ\O�GLSKRVSKDWH�YLD�PHWK\OHU\WKULWRO�
SKRVSKDWH� �0(3�� SDWKZD\�� 7KH� IXUWKHU� V\QWKHVLV� RI� WHUSHQHV� IURP�
LVRSHQWHQ\O�GLSKRVSKDWH�LV�VLPLODU�WR�WKDW�LQ�WKH�PHYDORQDWH�SDWKZD\�

• 6KLNLPLF� $FLG� 3DWKZD\� �IRU� $ONDORLGV� DQG� 3KHQROLFV�� It is a 
PHWDEROLF� SDWKZD\� IRU� WKH� ELRV\QWKHVLV� RI� DURPDWLF� DPLQR� DFLGV��
7KLV�LQYROYHV�VHYHQ�VWHSV�DQG�LV�QRW�IRXQG�LQ�DQLPDOV��&DUERK\GUDWH�
SUHFXUVRUV�GHULYHG�IURP�WKH�SHQWRVH�SKRVSKDWH�SDWKZD\�DQG�JO\FRO\VLV�
DUH�FRQYHUWHG�WR�WKUHH�DURPDWLF�DPLQR�DFLGV��VXFK�DV��SKHQ\ODODQLQH��
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208 Plant-Based Functional Foods and Phytochemicals

W\URVLQH��DQG�WU\SWRSKDQ��3KHQROLFV�DQG�DONDORLGV�DUH�SURGXFHG�IURP�
these three amino acids.

7.3 EXTRACTION OF BIOACTIVE COMPOUNDS

%LRDFWLYH�FRPSRXQGV�IURP�FUXGH�UHVRXUFHV�FDQ�EH�VHSDUDWHG�DQG�LGHQWLILHG�
RQO\�DIWHU�WKHLU�VHOHFWLYH�H[WUDFWLRQ�IURP�WKHLU�QDWXUDO�VRXUFHV��7KH�H[WUDFWLRQ�
RI�ELRDFWLYHV�IURP�SODQW�FHOOV�DQG�WLVVXHV�FDQ�EH�GRQH�E\�HLWKHU�WKH�FRQYHQ-
WLRQDO�RU�WKH�QRQ�FRQYHQWLRQDO�H[WUDFWLRQ�SURFHGXUHV�

7.3.1 CONVENTIONAL METHODS

7KH�FODVVLFDO�RU� FRQYHQWLRQDO� H[WUDFWLRQ� WHFKQLTXHV� UHO\�RQ�K\GURSKLOLFLW\�
DQG� K\GURSKRELFLW\� RI� WKH� VROYHQW�� )XUWKHUPRUH�� WKH� DSSOLFDWLRQ� RI� KHDW�
KHOSV�WR�HQKDQFH�WKH�HIILFLHQF\�RI�WKH�VROYHQW�XVHG��+RZHYHU��KHDW�VKRXOG�EH�
DSSOLHG�RQO\�ZKHQ�WKH�FRPSRXQG�XQGHU�VWXG\�LV�QRW�KHDW�ODELOH�>��@��7KUHH�
W\SHV�RI�FRQYHQWLRQDO�H[WUDFWLRQ�SURFHVVHV�DUH�PHQWLRQHG�LQ�WKLV�VHFWLRQ�

7.3.1.1 SOXHLET EXTRACTION

6R[KOHW�H[WUDFWLRQ�PDNHV�XVH�RI�D�6R[KOHW�H[WUDFWRU� �)LJXUH�������ZKHUH�D�
VPDOO�TXDQWLW\�RI�GU\�VDPSOH�LV�SXW�LQ�WKH�WKLPEOH��7KHQ�WKH�WKLPEOH�LV�ORGJHG�
LQ�D�GLVWLOODWLRQ�IODVN�FRQWDLQLQJ�WKH�VROYHQW��+DYLQJ�UHDFKHG�DQ�RYHUIORZLQJ�
OHYHO�� WKH� VROXWLRQ� LQ� WKH� WKLPEOH�KROGHU� LV� DVSLUDWHG� E\� D� VLSKRQ�� ZKLFK�
GLVFKDUJHV� WKH� VROXWLRQ� LQWR� WKH�GLVWLOODWLRQ� IODVN��6ROXWH� LV� UHWDLQHG� LQ� WKH�
GLVWLOODWLRQ� IODVN��ZKLOH� WKH� VROYHQW� LV� UHWXUQHG� WR� WKH�SODQW� VROLG�EHG��7KH�
SURFHVV�LV�UHSHDWHG�XQWLO�FRPSOHWH�>��@�

7.3.1.2 MACERATION

7R�REWDLQ� ELR�DFWLYHV� RQ� D� VPDOO� VFDOH��PDFHUDWLRQ� LQYROYHV� ILQH� JULQGLQJ�
RI�SODQW�VXEVWDQFHV� WR� LQFUHDVH�WKH�VXUIDFH�DUHD�IRU�SURSHU�PL[LQJ�ZLWK�DQ�
DSSURSULDWH�VROYHQW��FDOOHG�PHQVWUXXP��LQ�D�FORVHG�YHVVHO��+DYLQJ�VWUDLQHG�
WKH�OLTXLG�RII��WKH�OHIW�RXW�VROLG�UHVLGXH��FDOOHG�PDUF��LV�SUHVVHG�WR�UHFRYHU�WKH�
UHPDLQLQJ� OLTXLG��ZKLFK� LV� ODWHU�SXULILHG�E\�ILOWUDWLRQ��0DFHUDWLRQ�UHTXLUHV�
RFFDVLRQDO�VKDNLQJ�IRU�EHWWHU�H[WUDFWLRQ�>��@��)LJXUH�����VKRZV�WKH�VWHSV�IRU�
extraction by the maceration process.
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FIGURE 7.8 A typical soxhlet extractor.
Source: 0RGLILHG�IURP�5HI��>��@�

7.3.1.3 HYDRO DISTILLATION

+\GUR�GLVWLOODWLRQ� GRHV� QRW� PDNH� XVH� RI� RUJDQLF� VROYHQWV� DQG� FDQ� EH�
SHUIRUPHG� SULRU� WR� GHK\GUDWLQJ� WKH� SODQW� PDWHULDOV�� +\GUR�GLVWLOODWLRQ� LV�
RI�WKUHH�W\SHV��ZDWHU��ZDWHU��DQG�VWHDP��DQG�GLUHFW�VWHDP�GLVWLOODWLRQ��3ODQW�
PDWHULDOV�DUH�ORFDWHG�LQ�D�VWDWLF�FRPSDUWPHQW��6WHDP�DQG�RU�KRW�ZDWHU�H[WUDFWV�
WKH�ELRDFWLYH�FRPSRXQG�RXW�RI�WKH�SODQW�WLVVXH�>��@��)LJXUH������UHSUHVHQWV�
the hydro-distillation apparatus.
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FIGURE 7.9 6HTXHQWLDO�VWHSV�RI�PDFHUDWLRQ�
Source: 6HOI�GHYHORSHG��&RQFHSWV�ZHUH�DGDSWHG�IURP�71$8�DJULWHFK�SRUWDO�>��@�

FIGURE 7.10 6PDOO� VFDOH� K\GUR�GLVWLOODWLRQ� DSSDUDWXV� �$�� >PRGLILHG� IURP� >��@�� DQG� D�
W\SLFDO�K\GUR�GLVWLOODWLRQ�DSSDUDWXV��%��>PRGLILHG�IURP�>��@@�

7.3.2 NON-CONVENTIONAL METHODS

+XJH�H[WUDFWLRQ�WLPH��WKH�UHTXLUHPHQW�RI�H[SHQVLYH�DQG�KLJK�SXULW\�VROYHQW��
ORZ�H[WUDFWLRQ�VHOHFWLYLW\�DQG�WKHUPDO�GHJUDGDWLRQ�RI�KHDW�ODELOH�FRPSRXQGV�
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UHVWULFW�WKH�XVHIXOQHVV�RI�FRQYHQWLRQDO�H[WUDFWLRQ�WHFKQLTXHV�>��@��7R�RYHU-
FRPH� WKHVH� GUDZEDFNV�� QRQ�FRQYHQWLRQDO�PHWKRGV�ZLWK� SURPLVLQJ� DGYDQ-
WDJHV�DUH�EHLQJ�SUHIHUUHG��DQG�WKHVH�DUH�HYHQ�HFR�IULHQGO\�

7.3.2.1 ULTRASOUND ASSISTED EXTRACTION (UAE)

8OWUDVRXQG�ZDYHV� DUH� VRXQG�ZDYHV�ZLWK� IUHTXHQFLHV� JUHDWHU� WKDQ� ��� N+]��
>���@��DQG�SDVV�WKURXJK�D�PHGLXP�SURGXFLQJ�FRPSUHVVLRQ�DQG�UDUHIDFWLRQ�WR�
UHVXOW�LQ�D�SKHQRPHQRQ�WHUPHG�DV�FDYLWDWLRQ��&DYLWDWLRQ�LQFOXGHV�JHQHUDWLRQ��
H[SDQVLRQ��DQG�FUDVKLQJ�RI�EXEEOHV��$�KXJH�TXDQWLW\�RI�HQHUJ\�LV�JHQHUDWHG�
E\�FKDQQHOLQJ�WKH�NLQHWLF�HQHUJ\�RI�IOX[�LQWR�KHDWLQJ�RI�WKH�FRQWHQWV�RI�WKH�
bubble. UAE is based on this principle. Ultrasound energy aids the organic 
DQG�LQRUJDQLF�FRPSRXQGV�RI�D�SODQW�VDPSOH�WR�OHDFK�RXW�IURP�WKH�SODQW�PDWUL[��
'HJUHH�RI�PLOOLQJ��VL]H�RI�WKH�SDUWLFOH��PRLVWXUH�FRQWHQW�RI�WKH�VDPSOH��FKRLFH�
RI�WKH�VROYHQW��WHPSHUDWXUH��IUHTXHQF\��SUHVVXUH��DQG�GXUDWLRQ�RI�VRQLFDWLRQ�
DUH�LPSRUWDQW�IDFWRUV�JRYHUQLQJ�WKH�HIILFLHQF\�RI�8$(�H[WUDFWLRQ�>��@�

7.3.2.2 PULSED ELECTRIC FIELD EXTRACTION (PEF)

3()�LV�EDVHG�RQ�WKH�SULQFLSOH�RI�GHVWUR\LQJ�FHOO�PHPEUDQH�VWUXFWXUH�WR�IDFLOL-
WDWH�H[WUDFWLRQ��(OHFWULF�SRWHQWLDO�SDVVHV�WKURXJK�WKH�PHPEUDQH�RI�OLYLQJ�FHOOV�
ZKHQ�WKH\�DUH�VXVSHQGHG�LQ�DQ�HOHFWULF�ILHOG��7KH�HOHFWULF�SRWHQWLDO�SDUWLWLRQV�
the charged membrane molecules based on their dipole nature. When the 
SRWHQWLDO�DFURVV� WKH�PHPEUDQH�VXUSDVVHV�D�FHUWDLQ�FULWLFDO�YDOXH��UHSXOVLRQ�
RFFXUV�EHWZHHQ�FKDUJHG�PROHFXOHV��7KLV�UHSXOVLYH�IRUFH�JHQHUDWHV�SRUHV�LQ�
WKH�IHHEOH�DUHDV�RI�WKH�PHPEUDQH�DQG�GUDVWLFDOO\�LQFUHDVHV�WKH�SHUPHDELOLW\��
Usually, exponentially decaying pulses are used in treating plant samples 
GXULQJ� 3()� H[WUDFWLRQ�� (IILFDF\� RI� 3()� WUHDWPHQW� GHSHQGV� RQ� WKH� ILHOG�
VWUHQJWK��VSHFLILF�HQHUJ\�LQSXW��DQG�QXPEHU�RI�SXOVHV��HWF���>��@�

7.3.2.3 ENZYME ASSISTED EXTRACTION (EAE)

0DQ\�ELRDFWLYHV�DUH�SUHVHQW�LQ�WKH�FHOO�ZDOOV�RI�SODQW�FHOOV��WUDSSHG�LQ�WKH�
SRO\VDFFKDULGH�QHWZRUN��DQG�FDQQRW�EH�FRPSOHWHO\�H[WUDFWHG�XVLQJ�FRQYHQ-
WLRQDO� H[WUDFWLRQ�SURFHVVHV��3UH�WUHDWPHQW�ZLWK� VSHFLILF�HQ]\PHV� �VXFK�DV��
FHOOXODVH�� SHFWLQDVH�� DQG� Į�DP\ODVH�� ZKLFK� EUHDN� GRZQ� FHOOXORVH�� SHFWLQ��
DQG� VWDUFK�� UHVSHFWLYHO\�� IDFLOLWDWH� WKH� UHOHDVH� RI� ELRDFWLYHV� E\� GHJUDGLQJ�
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WKH� FHOO�ZDOO� FRPSRQHQWV��($(�FDQ�EH�RI� WZR� W\SHV�� ����(Q]\PH�DVVLVWHG�
DTXHRXV�H[WUDFWLRQ��($$(���XVHG�PDLQO\�IRU�WKH�H[WUDFWLRQ�RI�RLO�IURP�WKH�
VHHGV��DQG�����(Q]\PH�DVVLVWHG�FROG�SUHVVLQJ��($&3���XVHG�WR�K\GURO\]H�WKH�
VHHG�FHOO�ZDOO�>��@�

7.3.2.4 MICROWAVE ASSISTED EXTRACTION (MAE)

0LFURZDYHV�DUH�HOHFWURPDJQHWLF�ZDYHV�ZLWK�IUHTXHQFLHV�UDQJLQJ�IURP�����
0+]�WR�����*+]�DQG�ZDYHOHQJWKV�UDQJLQJ�IURP���PP�WR���P�>���@��0DQ\�
SODQW�PDWHULDOV�FDQ�DEVRUE�SDUW�RI�WKH�HOHFWURPDJQHWLF�HQHUJ\�RI�PLFURZDYHV�
DQG�FDQ�FRQYHUW�LW�WR�KHDW��/LNH�DOO�HOHFWURPDJQHWLF�ZDYHV��PLFURZDYHV�DUH�
DOVR�FRPSRVHG�RI�PXWXDOO\�SHUSHQGLFXODU�HOHFWULF�DQG�PDJQHWLF�ILHOGV��7KH�
electric component changes 4.9×109 time second±���7KLV�SURGXFHV�D�MXPEOHG�
PRYHPHQW� RI� SRODU� PROHFXOHV� LUUDGLDWHG� E\� PLFURZDYHV�� WKXV� JHQHUDWLQJ�
KHDW��0$(�LQYROYHV�GLIIHUHQW�VWHSV���D��VHSDUDWLRQ�RI�VROXWHV�IURP�VDPSOH��
�E��GLIIXVLRQ�RI�VROYHQW�DFURVV�VDPSOH�PDWUL[��DQG��F��GLVFKDUJH�RI�VROXWHV�
IURP� VDPSOH� PDWUL[� WR� VROYHQWV�� 0$(� UHGXFHV� WKH� WLPH� DQG� TXDQWLW\� RI�
VROYHQW�UHTXLUHG�LQ�WKH�H[WUDFWLRQ�SURFHVV�>��@�

7.3.2.5 SUPERCRITICAL FLUID EXTRACTION (SFE)

6)(�LQYROYHV�WKH�VHSDUDWLRQ�RI�WKH�H[WUDFWDQW�IURP�WKH�PDWUL[�XVLQJ�VXSHUFULWLFDO�
IOXLGV�DV�WKH�VROYHQW��$�VXSHUFULWLFDO�IOXLG�LV�D�VXEVWDQFH�DW�D�WHPSHUDWXUH�DQG�
SUHVVXUH�EH\RQG�LWV�FULWLFDO�SRLQW��ZKHUH�GLVWLQFWLYH�OLTXLG�DQG�JDV�SKDVHV�GR�
QRW� H[LVW��(YHQ�E\�PRGLI\LQJ� WKH� WHPSHUDWXUH�DQG�SUHVVXUH�� D� VXSHUFULWLFDO�
IOXLG� FDQQRW� EH� OLTXHILHG� >���@�� 7KH\� SRVVHVV� YLVFRVLW\�� VXUIDFH� WHQVLRQ��
JDV�OLNH�GLIIXVLRQ�SURSHUWLHV��OLTXLG�OLNH�GHQVLW\��DQG�VROYDWLRQ�SRZHU��7KHVH�
SURSHUWLHV�FDQ�EH�DOWHUHG�E\�YDU\LQJ� WKH� WHPSHUDWXUH�DQG�SUHVVXUH�� WKHUHE\�
PDNLQJ�VXSHUFULWLFDO�IOXLGV�XVHIXO�LQ�WKH�VHOHFWLYH�H[WUDFWLRQ��&DUERQ�GLR[LGH��
RIWHQ�PL[HG�ZLWK�PHWKDQRO��HWKDQRO�GLFKORURPHWKDQH��LV�WKH�VXSHUFULWLFDO�IOXLG�
�VROYHQW�� RI� FKRLFH� IRU� H[WUDFWLRQ��7KH� FULWLFDO� WHPSHUDWXUH� �7c�� RI� FDUERQ�
GLR[LGH�LV����&�ZLWK�D�FULWLFDO�SUHVVXUH��3c��RI����EDUV��7KHVH�IDFWRUV�DOORZ�
FDUERQ�GLR[LGH�WR�EH�XVHG�DV�D�VROYHQW�XQGHU�URRP�WHPSHUDWXUH�DQG�PRGHUDWH�
SUHVVXUH��+RZHYHU��WKH�ORZ�SRODULW\�RI�FDUERQ�GLR[LGH�PDNHV�LW�VXLWDEOH�IRU�
WKH� H[WUDFWLRQ� RI� QRQ�SRODU� VXEVWDQFHV�PDLQO\�� 7R� LQFUHDVH� WKH� SRODULW\� RI�
FDUERQ�GLR[LGH��FKHPLFDO�PRGLILHUV��VXFK�DV��HWKDQRO�RU�PHWKDQRO��DUH�PL[HG��
7KH� HIILFLHQF\� RI� 6)(� LV� DIIHFWHG� E\� SDUWLFOH� VL]H�� WHPSHUDWXUH�� SUHVVXUH��
PRLVWXUH�FRQWHQW�RI�WKH�VDPSOH��IORZ�UDWH�RI�FDUERQ�GLR[LGH��HWF���>��@�
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7.3.2.6 PRESSURIZED LIQUID EXTRACTION (PLE)

3/(�WHFKQLTXH�HPSOR\V�KLJK�SUHVVXUH�WR�NHHS�WKH�VROYHQW�LQ�WKH�OLTXLG�IRUP�
EH\RQG�WKHLU�QRUPDO�ERLOLQJ�SRLQW�WR�IDFLOLWDWH�WKH�H[WUDFWLRQ�RI�ELRPROHFXOHV�
IURP�WKH�FUXGH�H[WUDFW��+LJK�WHPSHUDWXUH�DQG�SUHVVXUH�LQFUHDVH�VROXELOLW\�RI�
WKH�DQDO\WHV�E\�GHFUHDVLQJ�VXUIDFH�WHQVLRQ�DQG�YLVFRVLW\�RI�WKH�VROYHQW��3/(�
LV�NQRZQ�E\�VHYHUDO�QDPHV�WRGD\��VXFK�DV��+LJK�SUHVVXUH�VROYHQW�H[WUDFWLRQ�
�+36(���$FFHOHUDWHG� IOXLG� H[WUDFWLRQ� �$)(��� (QKDQFHG� VROYHQW� H[WUDFWLRQ�
�(6(��DQG�3UHVVXUL]HG�IOXLG�H[WUDFWLRQ�>��@�

7.4 ROLE OF PHYTOBIOACTIVES

3K\WRELRDFWLYHV��ELRDFWLYH�FRPSRXQGV��SOD\�DQ�LPSRUWDQW�UROH�LQ�NHHSLQJ�
WKH� KXPDQ� ERG\� KHDOWK\�� 7KH\� DFW� DV� VLJQDOLQJ� FRPSRQHQWV� LQ� YDULRXV�
PHWDEROLF�SDWKZD\V�DQG�DOVR�HSLJHQHWLFDOO\� LQIOXHQFH� WKH� WUDQVFULSWLRQ�RI�
PDQ\�JHQHV�>��@��3K\WRELRDFWLYHV�PRVWO\�IXQFWLRQ�E\�DFWLQJ�DV�DFWLYH�DQWL�
R[LGDQWV�>���@�

7.4.1 MITIGATION OF OXIDATIVE STRESS

7KH�WHUP�UHDFWLYH�R[\JHQ�VSHFLHV��526��GHVFULEHV�D�VHW�RI�UHDFWLYH�PROHFXOHV�
DQG�IUHH�UDGLFDOV��GHULYHG�IURP�PROHFXODU�R[\JHQ��7KHVH�LQFOXGH�VXSHUR[LGHV��
SHUR[LGHV��DOSKD�R[\JHQ��K\GUR[\O�UDGLFDO�DQG�VLQJOHW�R[\JHQ��7KH�JHQHUDO�
FKHPLFDO�PHFKDQLVP�RI�526�IRUPDWLRQ�LQFOXGHV�

• Molecular oxygen (O2) is reduced to superoxide anion (O2
±).

O2���H
–�ĺ�22

±

• 6XSHUR[LGH�DQLRQ�DFWV�DV�WKH�SUHFXUVRU�RI�RWKHU�526�VSHFLHV��6XSHU-
oxide anion is disproportionated to produce hydrogen peroxide (H2O2).

2H�����. O2
±�ĺ�+2O2���22

• Hydrogen peroxide is partially reduced to hydroxyl radical (OH).
H2O2���H

–�ĺ�+2–����2+
• Singlet oxygen (1O2��LV�SURGXFHG�GXH�WR�SKRWRVHQVLWL]DWLRQ�
• $OSKD�R[\JHQ�LV�JHQHUDWHG�WKURXJK�DQ�R[\JHQ�DWRP�DEVWUDFWLRQ�IURP�

nitrous oxide by alpha-Fe catalysts.

ROS can be generated both endogenously and exogenously. Endogenous 
526�DUH�SURGXFHG�PDLQO\�DV�E\�SURGXFWV�GXULQJ�R[LGDWLYH�SKRVSKRU\ODWLRQ��
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0LWRFKRQGULD��WKH�SRZHUKRXVHV�RI�WKH�FHOO��JHQHUDWH�$73�E\�WKH�WUDQVSRUW�RI�
protons through an electron transport chain across the inner mitochondrial 
PHPEUDQH�� 7KH� HOHFWURQV� DUH� SDVVHG� WKURXJK� VHULHV� RI� SURWHLQV� E\� UHGR[�
reactions across the chain with oxygen as the terminal electron acceptor. 
2[\JHQ�LV�XVXDOO\�UHGXFHG�WR�ZDWHU��KRZHYHU��VRPHWLPHV�D�IUDFWLRQ�RI�LW�LV�
partially reduced to superoxide radical, which in turn continues to generate 
WKH�RWKHU�526�>��@�

([RJHQRXV�526�DUH�SURGXFHG�GXH�WR�WREDFFR��VPRNH��LRQL]LQJ�UDGLDWLRQV��
[HQRELRWLFV�� DQG� RWKHU� SROOXWDQWV� >���@�� ,RQL]LQJ� UDGLDWLRQ� FDQ� UHDFW� ZLWK�
ZDWHU� LQ� D�SURFHVV� WHUPHG�DV� UDGLRO\VLV� WR�JHQHUDWH�KDUPIXO� LQWHUPHGLDWHV�
>���@��7KH�SUREDELOLW\�RI�UDGLRO\VLV�LV�JUHDWHU�XQGHU�WKH�SUHVHQFH�RI�LRQL]LQJ�
UDGLDWLRQ�EHFDXVH�DOPRVW�����RI�WKH�KXPDQ�ERG\�LV�FRPSRVHG�RI�ZDWHU�

ROS hampers cognition, stimulates Deoxyribonucleotide acid (DNA) 
GDPDJH�DQG�DJLQJ��SURPRWHV�$O]KHLPHU¶V�GLVHDVH�>�����������@��6LQFH� WKH�
JHQHUDWLRQ�RI�526�LV�LQHYLWDEOH�LQ�DHURELFDOO\�UHVSLULQJ�FHOOV��WKHUHIRUH�WKHLU�
GHWR[L¿FDWLRQ�LV�RI�SULPH�LPSRUWDQFH�IRU�WKH�VXUYLYDO�RI�FHOOV�DQG�WKH�HQWLUH�
RUJDQLVP�WKHUHRI��7R�FRXQWHUDFW�WKH�KDUPIXO�H൵HFWV�RI�526��WKH�KXPDQ�ERG\�
KDV� GHYHORSHG� DQ� HQGRJHQRXV� FRPSOH[� GHIHQVH� V\VWHP� RI� DQWL�R[LGDQWV��
7KLV� GHIHQVH� PHFKDQLVP� FRPSULVHV� ERWK� HQ]\PDWLF� DQG� QRQ�HQ]\PDWLF�
FRQVWLWXHQWV��ZKLFK�ZRUN�DW�VHYHUDO�H[WHQWV��DUUHVW�IRUPDWLRQ�RI�526��HUDVH�
them prior to causing damage, mend the damage done and eliminate the 
GDPDJHG�PROHFXOHV��,I�WKHUH�LV�DQ\�GLVSDULW\�LQ�WKH�QXPEHU�RI�IUHH�UDGLFDOV�
DQG�DQWLR[LGDQWV�LQ�WKH�ERG\��VR�WKDW�WKH�QXPEHU�RI�526�H[FHHGV��WKHQ�WKH�
SKHQRPHQRQ�LV�NQRZQ�DV�R[LGDWLYH�VWUHVV�

2[LGDWLYH� VWUHVV� FDQ� D൵HFW� HLWKHU� DW� WKH� PROHFXODU� OHYHO� RU� V\VWHPLF�
OHYHO��,W�EUHDNV�GRZQ�WKH�IXQFWLRQDOLW\�RI�WKH�ERG\��0XWDWLRQV�LQ�WKH�JHQHV��
FRGLQJ�IRU�FRPSRQHQWV�RI�WKLV�DQWL�R[LGDQW�GHIHQVH�V\VWHP��OHDG�WR�KDUPIXO�
FRQVHTXHQFHV��VRPHWLPHV�HYHQ�GHDWK��$OVR��WKH�'1$�VHTXHQFH�HQFRGLQJ�
JHQHV� YDU\� ZLWK� LQGLYLGXDOV�� 7KHVH� VPDOO� GL൵HUHQFHV� LQ� VHTXHQFHV� OHDG�
WR�WKH�DOWHUHG�FDSDELOLW\�RI�¿JKWLQJ�R[LGDWLYH�VWUHVV�ZLWKLQ�GL൵HUHQW�LQGL-
YLGXDOV��$�NQRZOHGJHDEOH�GLHW�FDQ�KHOS�WR�LQGXFH�PRUH�DQWLR[LGDQW�SURGXF-
WLRQ��$SDUW�IURP�MXVW�FRPEDWLQJ�526��WKH�GHIHQVH�V\VWHP�DOVR�GHWR[L¿HV�
[HQRELRWLFV�WR�UHDGLO\�H[FUHWDEOH�IRUPV��2QH�RI�WKH�PDMRU�KHDOWK�EHQH¿WV�
RI�SK\WRELRDFWLYHV�LV�WR�FRPEDW�R[LGDWLYH�VWUHVV��7KH�PDMRU�F\WRSURWHFWLYH�
FRPSRXQGV�RI�SODQWV�HQJDJHG�LQ�WKLV�PHFKDQLVP�LQFOXGH�WKH�JOXFRVLQRODWHV�
DQG�RWKHU�VXOIXU�FRQWDLQLQJ�FRPSRXQGV��*OXFRVLQRODWHV�LQGXFH�WKH�SURGXF-
WLRQ�RI�DQWL�R[LGDQW�HQ]\PHV��VXFK�DV��1LFRWLQDPLGH�DGHQLQH�GLQXFOHRWLGH�
SKRVSKDWH��1$'3+���TXLQRQH�UHGXFWDVH��142���DQG�KHPH�R[\JHQDVH���
�+2���>��@�
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%URFFROL��RQLRQ��VSLQDFK��FDEEDJH��DQG�JDUOLF�DUH�H[DPSOHV�RI�SODQW�VRXUFHV�
ULFK� LQ� F\WRSURWHFWLYH� FRPSRXQGV�� *OXWDWKLRQH� VHFUHWHG� IURP� WKH� DOYHRODU�
epithelial cells helps counteract hypochlorous acid (HOCl), which is released 
E\�QHXWURSKLOV��,W�VTXHH]HV�IURP�WKH�EORRG�LQWR�WKH�DLU�VSDFHV�LQ�SHUVRQV��ZKR�
SUDFWLFH�VPRNLQJ��*OXWDWKLRQH�SHUR[LGDVH�FDWDO\]HV�WKH�UHGXFWLRQ�RI�K\GURJHQ�
SHUR[LGH� WR� ZDWHU�� *OXWDWKLRQH� SHUR[LGDVH� DQG� FDWDODVH� SUHYHQW� K\GUR[\O�
UDGLFDO�DWWDFN�RQ�'1$��9LWDPLQ�(�LV�D�SHUR[\O�UDGLFDO�VFDYHQJHU�WR�PDLQWDLQ�
WKH� LQWHJULW\�RI�SRO\XQVDWXUDWHG� IDWW\�DFLGV� �38)$V�� LQ�FHOO�PHPEUDQHV�E\�
SUHYHQWLQJ� WKHLU�R[LGDWLRQ��$�SODQW�EDVHG�GLHW��ZLWK�SURSHU�FRQVXPSWLRQ�RI�
YHJHWDEOHV�DQG� IUXLWV��KHOSV� WR�FRPEDW�R[LGDWLYH� VWUHVV�LQGXFHG�GLVHDVHV�� ,W�
KDV�EHHQ� IRXQG� WKDW�GLHWV� ULFK� LQ�DQWLR[LGDQWV�ZRUN�EHWWHU� WKDQ�DQWLR[LGDQW�
VXSSOHPHQWV�>��@�

0RUHRYHU�� DQWLR[LGDQWV�FDQQRW�EH� UHSODFHG�GXH� WR� VHYHUDO� UHDVRQV��)RU�
H[DPSOH��WKH�H൵HFWV�GXH�WR�WKH�GH¿FLHQF\�RI�9LWDPLQ�(�FDQQRW�EH�PLWLJDWHG�
E\�VXSSOHPHQWDWLRQ�RI�9LWDPLQ�&�LQ�GLHW�DQG�YLFH�YHUVD��DOWKRXJK�ERWK�DUH�
DQWLR[LGDQWV�ZLWK�VLPLODU�IXQFWLRQV��7KLV�LV�EHFDXVH�9LWDPLQ�&�DQG�9LWDPLQ�
(�KDYH�GL൵HUHQW�VXEFHOOXODU�ORFDWLRQV��0RUHRYHU��WKHLU�FRPELQDWLRQ�ZRUNV�DV�
D�EHWWHU�DQWL�R[LGDQW�WKDQ�HLWKHU�RI�WKHP�DORQH�>���@�

0RVW�RI�WKH�ELRDFWLYHV�REWDLQHG�IURP�SODQWV�DUH�VHFRQGDU\�PHWDEROLWHV��
Phenolics are the most copious antioxidants in the diet. Phenolics can be 
VXEGLYLGHG� LQWR�JURXSV�� VXFK�DV��SKHQROLF�DFLGV�� VWLOEHQHV��ÀDYRQRLGV��DQG�
OLJQDQV��$OO�RI�WKHP�KDYH�DW�OHDVW�RQH�SKHQRO�ULQJ��3KHQROV�DUH�PDLQO\�SUHVHQW�
LQ�EHYHUDJHV��WHD��FR൵HH��DQG�IUXLWV��OHVV�FRPPRQO\�LQ�YHJHWDEOHV�DQG�FHUHDOV�
>��@��7DEOH�����SURYLGHV�WKH�GLHWDU\�VRXUFHV�RI�VRPH�SKHQROLFV�

TABLE 7.1 'LHWDU\�6RXUFHV�RI�6RPH�&RPPRQ�3KHQROLF�&RPSRXQGV�DQG�7KHLU�6RXUFHV

Phenolic Class Subclass Dietary Source
)ODYRQRLGV )ODYDQROV 7HD��RQLRQ��EURFFROL

)ODYRQHV Cereals, celery
)ODYDQRQHV &LWUXV�IUXLWV
)ODYDQROV Chocolate, red wine, apple
Anthocyanidins Berries, red wine
,VRIODYRQHV Soy products

Phenolic acids +\GUR[\EHQ]RLF�DFLG Onion, berries
Hydroxycinnamic acid Kiwi, plum

Lignans ² Cereals, garlic
Stilbenes ² Wine, blueberries

Source: 6HOI�GHYHORSHG�IURP�LQIRUPDWLRQ�E\�0DQDFK�HW�DO��>��@�
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$QRWKHU� LPSRUWDQW� FODVV� RI� DQWLR[LGDQWV� LQFOXGHV� FDURWHQRLGV��$URXQG�
60 carotenoids are consumed by humans through a plant-based diet. Some 
LPSRUWDQW�FDURWHQRLGV�DQG�WKHLU�GLHWDU\�VRXUFHV�DUH�OLVWHG�LQ�7DEOH������$SDUW�
IURP�WKHVH��RWKHU�SODQW�GHULYHG�DQWLR[LGDQWV�LQFOXGH�DOO\O�VXO¿GHV��FXUFXPLQ��
indoles, isothiocyanates, lignans, monoterpenes, phytic acid, saponins, etc.

5HVYHUDWURO�VWLPXODWHV�WKH�ORQJHYLW\�DVVXUDQFH�JHQHV��WKH�6LUWXLQV��SirTs) 
DQG�H[WHQGV�OLIH�VSDQ�XVLQJ�D�SURWHLQ�FDOOHG�6,57���ZKLFK�LV�DFWLYDWHG�E\�1$'� 
SURYLGHG� E\� 3UH�%� FHOO� FRORQ\�HQKDQFLQJ� IDFWRU� �3%()��� 6,57�� LQWHUDFWV�
ZLWK�)RUNKHDG�ER[�2����)2;2����ZKLFK�LV�DQ�DQWL�DJLQJ�WUDQVFULSWLRQ�IDFWRU�
LQYROYHG� LQ� YDULRXV� SURWHFWLYH� FHOOXODU� DFWLYLWLHV�� VXFK� DV�� '1$� UHSDLU�� WKH�
DUUHVW�RI�WKH�FHOO�F\FOH��LQGXFWLRQ�RI�DSRSWRVLV�DQG�DQWL�R[LGDWLYH�VWUHVV�>��@�

TABLE 7.2 ([DPSOHV�RI�&DURWHQRLGV�DQG�7KHLU�6RXUFHV

Carotenoids Dietary Sources Carotenoids Dietary Sources
Lutein Spinach, broccoli Į�FDURWHQH Carrot, pumpkin
Lycopene 7RPDWR��ZDWHUPHORQ� ȕ�FDURWHQH Spinach, parsley
=HD[DQWKLQ 0DL]H��VSLQDFK Ǻ�FU\SWR[DQWKLQ $YRFDGR��SDSD\D

Source: 6HOI�GHYHORSHG�IURP�LQIRUPDWLRQ�E\�+LJGRQ�HW�DO��>��@�

7.4.2 HEALTH PROMOTING EFFECTS IN SOME DISEASES

7.4.2.1 CARDIOVASCULAR DISEASES

$FFRUGLQJ�WR�:+2�>��@��³CVDs are disorders of the heart and blood vessels 
and include coronary heart disease, cerebrovascular disease, rheumatic 
heart disease, congenital heart disease, deep vein thrombosis, and pulmo-
nary embolism and many other diseases�´�7KH� FRQVHTXHQFHV� RI� FRURQDU\�
KHDUW�GLVHDVH�FDQ� UDQJH� IURP�DQJLQD� WR�KHDUW� IDLOXUH� >��@��$�VWURNH�RFFXUV�
ZKHQ�WKH�VXSSO\�RI�EORRG�LV�FXW�RII�WR�D�SDUW�RI�WKH�EUDLQ��,Q�D�PLQL�VWURNH�RU�
WUDQVLHQW�LVFKHPLF�DWWDFN��WKH�EORRG�IORZ�LV�MXVW�WUDQVLHQWO\�KLQGHUHG�WR�WKH�
EUDLQ��6WURNH�FDQ�FDXVH�GDPDJH�WR�WKH�EUDLQ�DQG�HYHQ�GHDWK�>��@�

*HQHUDOO\�� VWURNHV�� DQG� KHDUW� DWWDFNV� DUH� VHYHUH� LQFLGHQWV�� ZKLFK� DUH�
FDXVHG�GXH� WR� VRPH�EORFNDJH�RI�EORRG�ÀRZ� WR� WKH�EUDLQ�RU�KHDUW� �DWKHUR-
VFOHURVLV�� >��@��7KHVH�EORFNDJHV� DUH� FDXVHG�E\� IDWW\�GHSRVLWV� �PDLQO\�GXH�
WR�FKROHVWHURO��RQ�WKH�LQQHU�OLQLQJV�RI�EORRG�YHVVHOV��7KH�SULPH�ULVN�IDFWRUV�
IRU�&9'V� DUH� DQ� XQKHDOWK\� GLHW�� ODFN� RI� SK\VLFDO� H[HUFLVH�� H[FHVVLYH� XVH�
RI�WREDFFR�DQG�DOFRKRO��+RZHYHU������RI�&9'V�DUH�FXUDEOH�>���@��&DURWLG�
LQWLPD�PHGLD�WKLFNQHVV��,07��LV�FORVHO\�DVVRFLDWHG�ZLWK�LQFUHDVHG�ULVNV�RI�
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DWKHURVFOHURVLV�DQG�FRURQDU\�DUWHU\�GLVHDVH�>���@��$�GDLO\�LQWDNH�RI�DURXQG�
���P/�RI�SRPHJUDQDWH�MXLFH��FRQWDLQLQJ�KLJK�DPRXQWV�RI�YLWDPLQ�&��DQWKR-
F\DQLQV��DQG� WDQQLQV�� IRU���\HDUV�KDV�VKRZQ�WR�UHGXFH�FDURWLG�,07��EORRG�
pressure (BP) and low-density lipoprotein (LDL) oxidation in 19 patients 
ZLWK�FRURQDU\�DUWHU\�GLVHDVH�>���@�

,VFKHPLF� KHDUW� GLVHDVH�PRUWDOLW\�� FDUGLRYDVFXODU� GLVHDVH�PRUWDOLW\� DQG�
VWURNH�PRUWDOLW\�KDYH�EHHQ�UHSRUWHG�WR�EH�JUHDWO\�UHGXFHG�>��@�GXH�WR�LQWDNH�
RI� SODQW�EDVHG�ELRDFWLYHV�� ,QFUHDVHG� FRQVXPSWLRQ�RI� IUXLWV� DQG�YHJHWDEOHV�
GDLO\�IRU�D�SHULRG�RI���PRQWKV�KDV�UHVXOWHG�LQ�UHGXFHG�V\VWROLF�DQG�GLDVWROLF�
%3�LQ�K\SHUWHQVLYH�SDWLHQWV�>��������@�

6HYHUDO� SRO\SKHQROV� �VXFK� DV� UHVYHUDWURO�� SK\WRDOH[LQ�� DQG� FXUFXPLQ��
KHOS� WR� SUHYHQW� &9'V�� 5HVYHUDWURO� LQGXFHV� QLWULF� R[LGH� �12�� V\QWKHVLV��
ZKLFK�OHDGV�WR�LVFKHPLF�UHSHUIXVLRQ��UHVWRULQJ�EORRG�ÀRZ�DIWHU�D�KHDUW�DWWDFN�
RU�VWURNH��RI�KHDUW�DQG�EUDLQ��12�LV�V\QWKHVL]HG�E\���QLWULF�R[LGH�V\QWKDVH�
�126��LVR]\PHV��QDPHO\��HQGRWKHOLDO�126��H126���LQGXFLEOH�126��L126���
DQG� QHXURQDO� 126� �Q126�� >���@�� 7KHVH� LVR]\PHV� FRQYHUW� /�DUJLQLQH� WR�
/�FLWUXOOLQH��WKHUHE\�JHQHUDWLQJ�12�IUHH�UDGLFDO��5HVYHUDWURO�DOVR�VDIHJXDUGV�
SHUIXVHG�KHDUWV�WKURXJK�LQFUHDVHG�L126�JHQHUDWLRQ�DQG�XS�UHJXODWLRQ�RI�WKH�
L126�YDVFXODU� HQGRWKHOLDO� JURZWK� IDFWRU� �9(*)��.'5�H126� VLJQDOLQJ�
SDWKZD\�>��@�

3ODWHOHWV�DUH�DFWLYDWHG�GXULQJ�WKURPEXV�IRUPDWLRQ��+RZHYHU��WKHLU�DJJUH-
JDWLRQ�FDQ�OHDG�WR�YDVFXODU�RFFOXVLRQ��5HVYHUDWURO�SUHYHQWV�WKH�DJJUHJDWLRQ�
RI�SODWHOHWV��WKHUHE\�SUHYHQWLQJ�DWKHURVFOHURVLV��,W�DOVR�LQKLELWV�SODWHOHW�DFWL-
YDWLRQ�E\�FROODJHQ��DORQJ�ZLWK�LPPRELOL]DWLRQ�RI�&D���LRQV��WKH�IRUPDWLRQ�RI�
WKURPER[DQH�$���EUHDNGRZQ�RI�SKRVSKRLQRVLWLGH�DQG�DFWLYDWLRQ�RI�3URWHLQ�
.LQDVH�&��3.&��>��@��5HVYHUDWURO�LV�SUHVHQW�LQ�UHG�ZLQHV��0RGHUDWH�GULQNHUV�
VX൵HU�IURP�OHVV�&9'V�WKDQ�WHHWRWDOHUV�>��@�

An anti-cancer drug named Adriamycin is potent to increase cardio-toxic 
VLGH�H൵HFWV��$GULDP\FLQ�KDV�EHHQ�GHPRQVWUDWHG�WR�FDXVH�DQ�LQFUHDVH�LQ�KHDUW�
UDWHV��WKH�HOHYDWLRQ�RI�WKH�67�VHJPHQW��UHGXFWLRQ�LQ�DFWLYLW\�DQG�TXDQWLWLHV�
RI�P\RFDUGLDO�JOXWDWKLRQH�DQG�JOXWDWKLRQH�SHUR[LGDVH�DQG�LQFUHDVHG�OHYHOV�
RI�OLSLG�SHUR[LGH�LQ�VHUXP�>���@��&XUFXPLQ�SUHYHQWV�OLSLG�SHUR[LGDWLRQ�E\�
IUHH�UDGLFDO�VFDYHQJLQJ�DQG�DOVR�LQFUHDVHV�JOXWDWKLRQH�FRQWHQW��,W�DOVR�DFWV�
DV�D�KLVWRQH�DFHW\OWUDQVIHUDVH��+$7V��LQKLELWRU�DQG�SUHYHQWV�FDUGLDF�LQMXU\�
E\� LQFUHDVLQJ� OHYHOV� RI� WKH� SURWHLQ��PDQJDQHVH� VXSHUR[LGH� GLVPXWDVH� >�@��
6WDELOL]DWLRQ�RI�WKH�PHPEUDQHV�RI�LVFKHPLF�PXVFOH�FHOOV�DQG�WKH�O\VRVRPDO�
PHPEUDQHV�SUHYHQWV� WKLV�HQ]\PDWLF�K\GURO\VLV��&XUFXPLQ�KDV�EHHQ� IRXQG�
WR� VWDELOL]H� VXFK�PHPEUDQHV�� ,W� DOVR� SURPRWHV� WKH� UHOHDVH� RI� HQGRJHQRXV�
FRUWLFRLGV��ZKLFK�VWDELOL]H�O\VRVRPDO�PHPEUDQHV�>���@�
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&DUGLDF�K\SHUWURSK\� LV� WKH� DEQRUPDO� HQODUJHPHQW�RU� WKLFNHQLQJ�RI� WKH�
KHDUW�PXVFOHV��GXH�WR�VWUHVV�RU�P\RFDUGLDO�LQIDUFWLRQ��+\SHUWURSK\�VWLPXODWHV�
D� QXPEHU� RI� VLJQDOLQJ� SDWKZD\V� WKDW� DOWHU� WKH� JHQH� H[SUHVVLRQ� SDWWHUQ� LQ�
FDUGLDF�PXVFOH�FHOOV��0RQRF\WH�HQKDQFLQJ�IDFWRU����$3����VHUXP�UHVSRQVH�
IDFWRU��DQG�*$7$���DUH�WUDQVFULSWLRQ�IDFWRUV�PHGLDWLQJ�WKHVH�FKDQJHV��7KH�
S�����DQ�DGHQRYLUXV�(��$�DVVRFLDWHG�SURWHLQ��DFWV�DV�D�FR�DFWLYDWRU�RI�WKHVH�
WUDQVFULSWLRQ�IDFWRUV��7KH�S����DOVR�DFWV�DV�D�+$7��WKXV�SURPRWLQJ�DQ�DFWLYH�
FKURPDWLQ� FRQ¿JXUDWLRQ��2YHU� H[SUHVVLRQ�RI�S���� OHDGV� WR� FDUGLDF�K\SHU-
WURSK\��&XUFXPLQ�KDV�EHHQ�UHSRUWHG�WR�DFW�DV�DQ�LQKLELWRU�RI�S����>��@�

&XUFXPLQ�DOVR�GRZQ�UHJXODWHV�QXFOHDU�IDFWRU�ț%��1)�ț%���ZKLFK�LQ�WXUQ�
GRZQ�UHJXODWHV�WKH�H[SUHVVLRQ�RI�FHUWDLQ�LQÀDPPDWRU\�IDFWRUV��VXFK�DV��WXPRU�
QHFURWLF� IDFWRU�Į� �71)�Į��� LQWHUOHXNLQ��� DQG� LQWHUOHXNLQ��� �,/���� ,/����� ,W�
DOVR�SUHYHQWV�WKH�PLWRJHQ�DFWLYDWHG�SURWHLQ�NLQDVH��0$3.��SDWKZD\��7KHVH�
DQWL�LQÀDPPDWRU\�SURSHUWLHV�RI�FXUFXPLQ�SOD\�SURWHFWLYH�UROH�DJDLQVW�DFXWH�
FRURQDU\�KHDUW�V\QGURPH��DWKHURVFOHURVLV��DQG�DWULDO�DUUK\WKPLD�>��@�

Heme oxygenase-1 (HO-1) is present in mammalian cells and breaks 
GRZQ�KHPH�WR�LURQ��FDUERQ�PRQR[LGH�DQG�ELOLYHUGLQ��,W�DOVR�LQKLELWV�JURZWK�RI�
YDVFXODU�VPRRWK�PXVFOHV�DQG�GHFUHDVHV�DUWHULRVFOHURVLV��&XUFXPLQ�LQFUHDVHV�
+2���H[SUHVVLRQ�E\�DFWLYDWLQJ�1UI��GHSHQGHQW�DQWL�R[LGDQW�UHVSRQVH�HOHPHQW�
LQ�YDULRXV�FDUGLRYDVFXODU�FHOOV��VXFK�DV��YDVFXODU�VPRRWK�PXVFOH�FHOOV��YDVFXODU�
endothelial cells, and aortic smooth muscle cells. Curcumin, in a dose-
dependent manner, also maintains calcium homeostasis in cardiac muscles by 
regulating Ca���$73DVHV�RI�VDUFRSODVPLF�UHWLFXOXP�LQ�KHDUW�FHOOV�>���@�

7.4.2.2 CANCER

&DQFHU�LV�FDXVHG�GXH�WR�PXOWLSOH�IDFWRUV�DQG�DFFXPXODWHG�GDPDJH�WR�JHQHV��
&DQFHU�LV�D�UHVXOW�RI�PXWDWLRQV�LQ�JHQHV�WKDW�DUH�FUXFLDO�IRU�UHJXODWLQJ�FHOO�
JURZWK�DQG�GLIIHUHQWLDWLRQ��7KXV��D�FDQFHU�FHOO�LV�DQ�DOWHUHG�VHOI�FHOO��7KHUH�
DUH� WZR� W\SHV� RI� FDQFHU� JHQHV� SUHVHQW� LQ� KXPDQV�� RQFRJHQHV� DQG� WXPRU�
VXSSUHVVRU� JHQHV��2QFRJHQHV� DUH� JHQHUDWHG� IURP�SURWR�RQFRJHQHV�� 3URWR�
RQFRJHQHV�KHOS�FHOOV�JURZ�QRUPDOO\��DQG�KDYH�SRWHQWLDO�WR�FDXVH�FDQFHU��7KH�
PXWDWLRQ�RI�SURWR�RQFRJHQHV�PDNHV�UDQGRP�FHOOV�GLYLGH��E\�E\SDVVLQJ�WKH�
FHOO�F\FOH�FKHFNSRLQWV��7XPRU�VXSSUHVVRU�JHQHV�VXSSUHVV� WKH�IRUPDWLRQ�RI�
WXPRUV� XQGHU� QRUPDO� FLUFXPVWDQFHV��0XWDWLRQ� �V�� OHDG� �V�� WR� FHVVDWLRQ� RI�
WKHLU�DFWLYLWLHV�WKXV�LQFUHDVLQJ�WKH�ULVN�RI�FDQFHU�>��@�

Homeostasis is maintained by molecular signaling pathways, which in turn 
DUH�LQÀXHQFHG�E\�H[RJHQRXV�IDFWRUV�DQG�GLHW��7KH�H൵HFW�RI�ELRDFWLYHV�RQ�'1$�
H[SUHVVLRQ��RU�HSLJHQRPLFV��UHJXODWHV�WKH�VSDWLDO�DQG�WHPSRUDO�H[SUHVVLRQ�RI�
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VSHFL¿F�VHWV�RI�JHQHV��(SLJHQHWLF�PRGL¿FDWLRQV�FDQ�EH�DW�WKH�QXFOHRWLGH�OHYHO��
7KH�UHVXOWLQJ�FKDQJHV�LQGXFH�PRGL¿FDWLRQV�LQ�FKURPDWLQ�VWUXFWXUH�RU�QXFOHR-
WLGH� VHTXHQFH��7UDQVFULSWLRQ� RI�'1$� DW� RU� DURXQG� WKHVH�PRGL¿HG� DUHDV� LV�
DOWHUHG��7KHVH�HSLJHQHWLF�PRGL¿FDWLRQV�DUH�DOVR�FDOOHG�µPDUNV¶�LQ�WKH�JHQRPH��
ZKLFK�DUH�VRPHWLPHV�SDVVHG�GRZQ�WR�WKH�QH[W�JHQHUDWLRQ�>��@�

7KH�¿UVW�W\SH�RI�PDUN��WHUPHG�DV�KLVWRQH�PRGL¿FDWLRQ��LQGLUHFWO\�D൵HFWV�
'1$�WUDQVFULSWLRQ�E\�FKDQJLQJ�WKH�SDFNDJLQJ�RU�ZUDSSLQJ�RI�'1$�DURXQG�
WKH�KLVWRQH�SURWHLQV��7KH�VHFRQG�W\SH�RI�PDUN��FKDUDFWHUL]HG�DV�'1$�PHWK\O-
DWLRQ��GLUHFWO\�D൵HFWV�'1$�WUDQVFULSWLRQ�E\�PRGLI\LQJ�WKH�'1$�EDVHV��7KHUH�
PD\�EH�LQVWDQFHV��ZKHUH�D�SK\WRELRDFWLYH�FDQ�OHDYH�DQ�HSLJHQHWLF�PDUN��VD\�
D�'1$�PHWK\ODWLRQ�HYHQW��RQ�WKH�JHQRPH�RI�DQ�LQGLYLGXDO��7KLV�PDUN�PD\�
UHVXOW� LQ� DOWHUHG�JHQH� H[SUHVVLRQ� >��@��6RPH�H[DPSOHV�RI� VXFK� HSLJHQHWLF�
PRGL¿FDWLRQV�OHDGLQJ�WR�DOWHUHG�JHQH�H[SUHVVLRQ�DUH�JLYHQ�LQ�WKLV�VHFWLRQ�

)RODWH��RQH�RI�WKH�YLWDPLQV�%��LV�LQYROYHG�LQ�WKH�V\QWKHVLV��UHSDLU��DQG�PHWK-
\ODWLRQ�RI�'1$��,Q�WKH�KXPDQ�ERG\��IRODWH�LV�FRQYHUWHG�WR�WHWUDK\GURIRODWH��
ZKLFK�UHPHWK\ODWHV�KRPRF\VWHLQH�WR�PHWKLRQLQH��7KLV�FKHPLFDO�UHDFWLRQ�LV�
LPSRUWDQW�EHFDXVH�PHWKLRQLQH�LV�WKH�SUHFXUVRU�RI�6�DGHQRV\O�/�PHWKLRQLQH�
(SAM), which acts as the primary methyl group donor in most methylation 
UHDFWLRQV��)RODWH�GH¿FLHQF\�OHDGV�WR�FKDQJHV�LQ�'1$�PHWK\ODWLRQ�SDWWHUQV�
LQ�SURWR�RQFRJHQHV�� L�H���F�P\F��F�+D�UDV��DQG�F�IRV�� UHVXOWLQJ� LQ�GLJHVWLYH�
QHRSODVWLF�OHVLRQV�RU�FRORQ�FDQFHU�>��@�

7KH� YLWDPLQ�$�� KDYLQJ� EHHQ� PHWDEROL]HG� WR� LWV� DFWLYH� IRUP� �UHWLQRLF�
acid), is translocated to the nucleus, where it binds to certain nuclear retinoic 
DFLG�UHFHSWRUV��5$5V���7KLV�FRPSOH[�WKHQ�ELQGV�WR�FRUUHVSRQGLQJ�UHVSRQVH�
HOHPHQWV� DQG� DOWHUV� WKH� WUDQVFULSWLRQ� RI� WDUJHW� JHQHV�� 7KH� GRZQVWUHDP�
SURWHLQV� UHJXODWH� RQFRJHQLF� WUDQVIRUPDWLRQ��'1$� UHSDLU��'1$� UHSOLFDWLRQ�
GXULQJ�6�SKDVH�DQG�HYHQ�FKDQJHV�LQ�'1$�PHWK\ODWLRQ�SDWWHUQV�WKDW�UHGXFH�
FHUWDLQ�W\SHV�RI�FDQFHU�>����������������@�

/LNHZLVH�� WKH� DFWLYH� IRUP�RI�9LWDPLQ�'�� �FDOFLWULRO�� H[KLELWV� D� VLPLODU�
ELRORJLFDO�PHFKDQLVP�RI�DFWLRQ�DV�YLWDPLQ�$��7KH�GRZQVWUHDP�WDUJHW�JHQH�
SURGXFWV�FDWDO\]H�D�GHSKRVSKRU\ODWLRQ�HYHQW� WKDW� LV� LQYROYHG� LQ� LQKLELWLRQ�
RI�WKH�$.7�VLJQDOLQJ�SDWKZD\��,W�DOVR�H[KLELWV�D�ZHDN�SKRVSKDWDVH�DFWLYLW\�
LQYROYHG� LQ� WXPRU� VXSSUHVVLRQ� DQG� FKDQJHV� LQ�'1$�PHWK\ODWLRQ� SDWWHUQV�
SUHYHQWLQJ�FRORQ�DQG�SURVWDWH�FDQFHU�>������������@�

*UHHQ� WHD� SRO\SKHQROV�� FXUFXPLQ�� ÀDYRQRLGV�� OXSHRO�� DQG� UHVYHUDWURO�
KDYH�DQWLQHRSODVWLF�SURSHUWLHV�ZLWKLQ�WKHLU�SK\VLRORJLFDO�OLPLWV�>��@�

5HVYHUDWURO� LQGXFHV� DSRSWRVLV� LQ� FDQFHU� FHOOV� E\� VWLPXODWLQJ� ORVV� RI�
SRWHQWLDO� RI� PLWRFKRQGULDO� PHPEUDQH�� WKHUHE\� UHOHDVLQJ� F\WRFKURPH� F��
6PDF�'LDEOR�DQG�FDVSDVHV��,W�DOVR�DFWLYDWHV�SUR�DSRSWRWLF�%D[��S���ZDI��DQG�
S���ZKLOH�UHSUHVVLQJ�DQWL�DSRSWRWLF�%FO����%FO�[/��71)�UHFHSWRU�DVVRFLDWHG�
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IDFWRU��DQG�F\FOLQ�'���,Q�FDVH�RI�EUHDVW�FDQFHU��UHVYHUDWURO�KDV�EHHQ�IRXQG�WR�
KLQGHU� DQWL�DSRSWRWLF� SKRVSKDWLG\OLQRVLWRO��¶�NLQDVH� �3,�.���$NW� VLJQDOLQJ�
SDWKZD\�>��@�

0XOWL�HWKQLF�SRSXODWLRQ�EDVHG�FRKRUW�VWXGLHV�KDYH�VKRZQ�WKDW�KLJK�LQWDNH�
RI� IUXLWV� DQG� YHJHWDEOHV� FDQ� VLJQL¿FDQWO\� UHGXFH� ULVNV� RI� SURVWDWH� FDQFHU��
EUHDVW�FDQFHU��UHFWDO��DQG�FRORQ�FDQFHU�>��@�

2QH�RI�WKH�LPSRUWDQW�VLJQDOLQJ�SDWKZD\V�OHDGLQJ�WR�FDQFHU�LV�WKH�:QW�ȕ�
FDWHQLQ� SDWKZD\��$FWLYDWLRQ� RI� WKLV� SDWKZD\� OHDGV� WR� DQ� LQFUHDVH� LQ� F\WR-
SODVPLF�ȕ�FDWHQLQ�OHYHOV�DQG�UHJXODWHV�WXPRU�SURJUHVVLRQ�>���@��)ODYRQRLGV�
LQKLELW� WKLV�SDWKZD\�E\�XSUHJXODWLQJ� WKH�H[SUHVVLRQ�RI�*6.��ȕ� WKDW�SKRV-
SKRU\ODWHV�ȕ�FDWHQLQ�>�@��&XUFXPLQ�KLQGHUV�WKH�WUDQVFULSWLRQ�RI�:QW�WDUJHW�
JHQHV��VXFK�DV��F�P\F��F�MXQ��F�IRV��DQG�L126��WKXV�SURKLELWLQJ�SUROLIHUDWLRQ�
DQG�LQGXFLQJ�DSRSWRVLV�LQ�FDQFHU�FHOOV�>��@�

7.4.2.3 DIABETES

:KHQ�WKH�EORRG�JOXFRVH�OHYHOV�ULVH�KLJKHU�WKDQ�QRUPDO��WKH�SKHQRPHQRQ�LV�
WHUPHG�DV�GLDEHWHV��&RPSOH[�FDUERK\GUDWHV�LQ�IRRG�DUH�GLJHVWHG�LQWR�VLPSOH�
sugars, which are absorbed into the bloodstream. Insulin is a hormone, 
VHFUHWHG�E\�WKH�HQGRFULQH�SDUW�RI�WKH�SDQFUHDV��L�H���,VOHWV�RI�/DQJHUKDQV��DQG�
LW�KHOSV� LQ� WKH�XSWDNH�RI�EORRG�JOXFRVH�E\�WKH�FHOOV� WKURXJK�PDQ\�JOXFRVH�
transporters. When these endocrine cells do not produce enough insulin or 
WKH�WDUJHW�FHOOV�EHFRPH�LQVXOLQ�LUUHVSRQVLYH��WKH�EORRG�JOXFRVH�OHYHOV�WHQG�WR�
LQFUHDVH��'LDEHWHV�FDQ�DIIHFW�DQ\RQH�RI�DQ\�DJH�JURXS�RU�JHQGHU�

+\SHUJO\FHPLD�FDXVHV�HSLJHQHWLF�PRGL¿FDWLRQV�RI�LQÀDPPDWRU\�JHQHV��
2QH�RI�WKHP�LV�1XFOHDU�)DFWRU�ț%��1)�ț%���ZKLFK�LQWHUDFWV�ZLWK�+$7V��WKXV�
OHDGLQJ�WR�K\SHU�DFHW\ODWLRQ�RI�WDUJHW�JHQHV��VXFK�DV��WXPRU�QHFURVLV�IDFWRU�
�71)�� DQG� F\FORR[\JHQDVH��� SURPRWHU�� $OVR�� SURORQJHG� K\SHUJO\FHPLD�
OHDYHV�HSLJHQHWLF�PDUNV�LQ�SUR�LQÀDPPDWRU\�SURPRWHUV��WKHUHE\�OHDGLQJ�WR�
ORQJ�WHUP�H[SUHVVLRQ�RI�WKHVH�JHQHV�LQ�VSLWH�RI�GLDEHWLF�FRQWURO�>��@�

*HQLVWHLQ�� UHVYHUDWURO�� DQWKRF\DQLQV�� DQG� TXHUFHWLQ� OHDG� WR� JOXFRVH�
VWLPXODWHG�LQVXOLQ�VHFUHWLRQ�LQ�SDQFUHDWLF�ȕ�FHOOV��7KH\�DOVR�PDNH�WKH�ȕ�FHOOV�
WR�SUROLIHUDWH��WKHUHE\�LQFUHDVLQJ�LQVXOLQ�SURGXFWLRQ�>��@�

7.4.2.4 OBESITY

A person is called obese when his body mass index (BMI) exceeds 30 kgm±�. 
,W�UHVXOWV�ZKHQ�DQDEROLVP�H[FHHGV�FDWDEROLVP��L�H���ZKHQ�WKH�LQWDNH�RI�FDORULHV�
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LV� JUHDWHU� WKDQ� WKDW� EXUQHG� E\� UHJXODU� SK\VLFDO� H[HUFLVH� >��@�� *DUQHULQJ�
H[FHVV�ERG\�IDW�RIWHQ�OHDGV�WR�VHULRXV�KHDOWK�FRPSOLFDWLRQV��VXFK�DV��&9'V��
GLDEHWHV��VOHHS�GLVRUGHUV��FDQFHU��HWF���>��@��0RGHUQ�GD\�XQKHDOWK\�GLHW�DQG�
VHGHQWDU\�OLIHVW\OHV�OHDG�WR�REHVLW\�>������@�

7KH�HWLRORJ\�RI�REHVLW\�LV�FRPSOH[�>��@��PDNLQJ�LW�D�VHULRXV�KHDOWK�LVVXH�
DURXQG� WKH� ZRUOG�� 7KH� DGLSRF\WHV� �FKLHÀ\��� ¿EUREODVWV�� DQG� HQGRWKHOLDO�
FHOOV�DUH�FRQVWLWXHQWV�RI�DGLSRVH�WLVVXH�WKDW�DUH�OLQNHG�E\�FROODJHQ�¿EHUV��
Due to adipocyte hyperplasia (increase in count) or hypertrophy (increase 
LQ�VL]H���PDLQO\�LQ�WKH�SUHDGLSRF\WHV��WKH�DGLSRVH�WLVVXH�H[SDQGV�UHVXOWLQJ�
LQ�REHVLW\��:KLWH�DGLSRVH�WLVVXH��DSDUW�IURP�VWRULQJ�IDW��DOVR�KDV�HQGRFULQH�
IXQFWLRQV�>�@�

,W� VHFUHWHV�KRUPRQH�DQJLRWHQVLQ� ,,��ZKLFK� LV� LQYROYHG� LQ� UHJXODWLQJ�%3�
DQG�ERG\�ÀXLG�KRPHRVWDVLV��%HVLGHV��LW�VHFUHWHV�SUR�LQÀDPPDWRU\�F\WRNLQHV�
�WHUPHG�DV�DGLSRNLQHV���LQWHUOHXNLQV��,/����,/����,/�����WXPRU�QHFURVLV�IDFWRU�
�71)�Į��� PRQRF\WH� FKHPR� DWWUDFWDQW� SURWHLQ� �0&3����� HWF�� ,Q� QRQ�REHVH�
LQGLYLGXDOV�� WKH� DGLSRF\WHV� DUH� RI� XVXDO� VL]H�� VHFUHWH� DQWL�LQÀDPPDWRU\�
F\WRNLQHV� DQG� DUH� VHQVLWLYH� WR� LQVXOLQ�� 2Q� WKH� RWKHU� KDQG�� WKH� DGLSRF\WHV�
RI�REHVH�LQGLYLGXDOV�DUH�ODUJHU�WKDQ�QRUPDO��ZLWK�LQ¿OWUDWLRQ�E\�PDQ\�SUR�
LQÀDPPDWRU\�PDFURSKDJHV��7KH\�DOVR�VHFUHWH�SUR�LQÀDPPDWRU\�F\WRNLQHV��
ZKLFK�OHDG�WR�LQVXOLQ�UHVLVWDQFH�>������@�

9DULRXV� WKHUDSHXWLF� GUXJV� KDYH� EHHQ� GHYHORSHG� WR� SUHYHQW� REHVLW\��
+RZHYHU��PRVW�RI�WKHP�KDYH�DGYHUVH�VLGH�H൵HFWV�RQ�WKH�SDWLHQWV�>�������@��
6KLIW� WR� D�KHDOWK\�GLHW� DQG� ULJRURXV�SK\VLFDO� H[HUFLVH�DUH�EHVW�PHWKRGV� WR�
SUHYHQW� REHVLW\�� 0DQ\� RI� WKH� SK\WRELRDFWLYHV� KHOS� LQ� PLWLJDWLQJ� REHVLW\��
6RPH�RI�WKHP�DUH�GLVFXVVHG�LQ�WKLV�VHFWLRQ�

7XUPHURQH� DQG� FXUFXPLQ� KDYH� DQWL�REHVLW\� SURSHUWLHV�� ,Q� DGLSRF\WHV��
FXUFXPLQ� HQKDQFHV� IDWW\� DFLG� R[LGDWLRQ� DQG� DGHQRVLQH� PRQRSKRVSKDWH�
DFWLYDWHG�SURWHLQ�NLQDVH��$03.��DFWLYLW\�>��@��,W�DOVR�GHFUHDVHV�OLSRJHQHVLV�
LQ� WKH� DGLSRF\WHV�E\� VXSSUHVVLQJ� IDWW\� DFLG� V\QWKDVH� >���@��&XUFXPLQ�KDV�
DOVR� EHHQ� IRXQG� WR� LQKLELW� DGLSRF\WH� GL൵HUHQWLDWLRQ� E\� UHSUHVVLQJ� 0$3�
NLQDVH� SKRVSKRU\ODWLRQ�� (YHQ� LQ� WKH� GL൵HUHQWLDWHG� IDW� FHOOV�� LW� SUHYHQWV�
IXUWKHU�DGLSRVH�WLVVXH�H[SDQVLRQ�YLD�WKH�:QW�ȕ�FDWHQLQ�SDWKZD\�>�@��$GLSRVH�
WLVVXH�LQÀDPPDWLRQ��D�KDOOPDUN�RI�REHVLW\��LV�UHGXFHG�E\�FXUFXPLQ�E\�GRZQ�
UHJXODWLQJ�WKH�VHFUHWLRQ�RI�SUR�LQÀDPPDWRU\�F\WRNLQHV�>��@�

7KH� WKLDFUHPRQRQH� LQ� JDUOLF� GRZQ�UHJXODWHV� WKH� WUDQVFULSWLRQ� IDFWRU�
SHUR[LVRPH� SUROLIHUDWRU�DFWLYDWHG� UHFHSWRU� JDPPD� �33$5�Ȗ��� ZKLFK�
SUHYHQWV�GL൵HUHQWLDWLRQ�RI� DGLSRF\WHV��$OOLLQ� LQ�JDUOLF� DPHOLRUDWHV� DGLSRVH�
WLVVXH� LQÀDPPDWLRQ� E\� VXSSUHVVLQJ� (5.���� SKRVSKRU\ODWLRQ�� ZKLFK� LQ�
WXUQ� GHFUHDVHV� VHFUHWLRQ� RI� WKH� SUR�LQÀDPPDWRU\� F\WRNLQHV� >���@�� *UDSH�
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DQWKRF\DQLQV��OLNH�F\DQLGLQ���JOXFRVLGH��UHSUHVV� WKH�H[SUHVVLRQ�RI� LQÀDP-
PDWRU\� F\WRNLQHV� LQ� DGLSRF\WHV� DQG� DOVR� SURPRWH� LQVXOLQ� VHQVLWLYLW\� E\�
LQGXFWLRQ�RI�*OXFRVH�WUDQVSRUWHU����*/87����WUDQVSRUWHUV�>���@�

5HVYHUDWURO�GHFUHDVHV�WKH�H[SUHVVLRQ�RI�UHWLQRO�ELQGLQJ�SURWHLQ����5%3���
DQG�UHVLVW�LQ�JHQH�LQ�IDW�FHOOV��ZKLFK�UHGXFH�SUR�LQÀDPPDWRU\�F\WRNLQH�VHFUH-
WLRQ��DGLSRF\WH�GL൵HUHQWLDWLRQ�DQG�LQVXOLQ�UHVLVWDQFH�>��@�

7KH� Į�OLQROHLF� DFLG� �DQ� Ȧ��� SRO\XQVDWXUDWHG� IDWW\� DFLG�� UHGXFHV�
HQGRSODVPLF� UHWLFXOXP� VWUHVV�DVVRFLDWHG� JHQHV� �VXFK� DV��;�ER[� ELQGLQJ�
SURWHLQ���RU�;%3���H[SUHVVLRQ� LQ�VXEFXWDQHRXV�DGLSRVH� WLVVXH��7KH�Ȧ���
IDWW\�DFLGV�DOVR�HQKDQFH�WKH�ELRJHQHVLV�RI�PLWRFKRQGULD�DQG�ȕ�R[LGDWLRQ�
RI�IDWW\�DFLGV��WKHUHE\�UHGXFLQJ�DGLSRVLW\�RI�WKH�ERG\�>�����������@��7KH\�
VHUYH�DV�OLJDQGV�IRU�FHUWDLQ�PHPEHUV�RI�WKH�33$5�IDPLO\�RI�WUDQVFULSWLRQ�
IDFWRUV��VXFK�DV��33$5�Į�DQG�33$5�Ȗ���ZKLFK�UHJXODWH�OLSLG�PHWDEROLVP�
>����������@��7KH\�DOVR�VXSSUHVV�WKH�VHFUHWLRQ�RI�LQÀDPPDWRU\�IDFWRUV�E\�
LQKLELWLQJ�WKH�DFWLYLW\�RI�F\FORR[\JHQDVH��&2;��DQG�GRZQ�UHJXODWH�WROO�
OLNH� UHFHSWRUV� >��@��=LQJHURQH� LQ�JLQJHU� LQKLELWV�REHVLW\�UHODWHG�DGLSRVH�
WLVVXH�LQÀDPPDWLRQ�>���@�

7.4.2.5 HYPERPIGMENTATION

Skin pigmentation is caused due to a pigment called melanin. Although 
WKH�WHUP�PHODQLQ�LV�XVHG�ORRVHO\��\HW�LW�FROOHFWLYHO\�UHIHUV�WR�D�JURXS�RI�
SLJPHQWV�WKDW�DUH�UHVSRQVLEOH�IRU�FRQWULEXWLQJ�VNLQ�FRORU�LQ�KXPDQV��DV�DOVR�
LQ�RWKHU�YHUWHEUDWHV��0HODQLQ�LV�V\QWKHVL]HG�E\�FHOOV�FDOOHG�PHODQRF\WHV��
by a multistep process (termed as melanogenesis). Melanocytes produce 
WZR� W\SHV� RI� PHODQLQ�� HXPHODQLQ� �EODFN� RU� EURZQ�� DQG� SKHRPHODQLQ�
�\HOORZ� RU� SLQN� RU� UHG��� 7KH� SDUWLFXODU� W\SH� RI� PHODQLQ� H[SUHVVHG� E\�
WKH� PHODQRF\WHV� GHWHUPLQHV� WKH� FRORU� RI� WKH� VNLQ�� 7\URVLQDVH�5HODWHG�
3URWHLQ��� �753���� DQG� 7\URVLQDVH�5HODWHG� 3URWHLQ��� �753���� UHJXODWH�
WKH� TXDOLW\� RI�PHODQLQ��$OWKRXJK�PHODQLQ� VHUYHV� WR� SURWHFW� DJDLQVW� WKH�
KDUPIXO�XOWUD�YLROHW�%�UDGLDWLRQV��\HW�K\SHU�SLJPHQWDWLRQ�LV�QRW�GHVLUDEOH�
by most people especially in the Asian subcontinent. Hyper-pigmentation 
XVXDOO\�GRHV�QRW�KDYH�PDQ\�KDUPIXO�HIIHFWV�RQ� WKH�ERG\��+RZHYHU�� WKH�
SKHQRPHQRQ� LV� YHU\� XQZDQWHG�� 7KLV� KDV� PDGH� WKH� TXHVW� IRU� HIILFLHQW�
VNLQ� OLJKWHQLQJ� SURGXFWV� HTXDOO\� FRPSHWLWLYH� DQG� GHPDQGLQJ� >�@�� ,Q�
PHODQRJHQHVLV�� WKH� DURPDWLF� DPLQR� DFLG� W\URVLQH� LV� R[LGL]HG� DQG� WKHQ�
SRO\PHUL]HG� LQ� RUJDQHOOHV� �FDOOHG� PHODQRVRPHV��� 3DWKZD\� RI� PHODQLQ�
biosynthesis is shown in Figure 7.11.
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FIGURE 7.11 Melanin biosynthesis pathways.
Source: 0RGLILHG�IURP�5HI��>���@�

,Q�)LJXUH�������WKH�¿UVW�WZR�VWHSV�RI�PHODQLQ�ELRV\QWKHVLV��L�H���W\URVLQH�
to L-3,4-dihydroxyphenylalanine (L-DOPA) and L-DOPA to Dopaquinone) 
DUH� FDWDO\]HG� E\� WKH� HQ]\PH� W\URVLQDVH� �7<5���7KH� LQKLELWLRQ� RI� GHUPDO�
SLJPHQWDWLRQ� �RU� FHUXORGHUPD�� LQYROYHV� KLQGHULQJ� WKH� PHODQLQ� V\QWKHVLV�
SDWKZD\�RU�LWV�SURGXFWV�VRPHKRZ��0DQ\�SK\WRELRDFWLYHV�KDYH�EHHQ�LGHQWL-
¿HG��ZKLFK�DUH�LQYROYHG�LQ�VLPLODU�DFWLRQV�DQG�KHQFH�DFW�DV�VLJQL¿FDQW�VNLQ�
OLJKWHQLQJ� DJHQWV�� 7KHVH� ELRDFWLYHV� FDQ� EH� ERWK� EH� FRQVXPHG� RU� DSSOLHG�
WRSLFDOO\��+\SHU�SLJPHQWDWLRQ�FDQ�EH�REVWUXFWHG�DW�GL൵HUHQW�OHYHOV�

• By Inhibiting Expression of Tyrosinase: 7KH�ILUVW�PRGH�RI�DFWLRQ�WR�
SUHYHQW�H[FHVVLYH�PHODQLQ�V\QWKHVLV� LV� WKH�PRGXODWLRQ�RI� WUDQVFULS-
WLRQ�RI�JHQH�HQFRGLQJ�W\URVLQDVH�HQ]\PH��0DQ\�ELRDFWLYHV�KDYH�EHHQ�
on the hunt to accomplish this. Angelica daburica� KDV� WZR� DFWLYH�
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FRPSRXQGV�� QDPHO\�� LPSHUDWRULQ�� DQG� LVRLPSHUDWRULQ�� 7KHVH� FDQ�
GHFUHDVH�WKH�OHYHOV�RI�PHVVHQJHU�ULERQXFOHLF�DFLGV��P�51$V��RI�WKH�
W\URVLQDVH�JHQH�>��@�

• By Inhibiting the Activity of Tyrosinase: (YHQ� LI� W\URVLQDVH� LV�
SURGXFHG��KDPSHULQJ�LWV�DFWLYLW\�FDQ�VWLOO�LQWHUIHUH�ZLWK�WKH�PHODQLQ�
ELRV\QWKHWLF� SDWKZD\�� *UHHQ� WHD� LV� D� FRPSHWLWLYH� LQKLELWRU� RI� WKH�
HQ]\PH�W\URVLQDVH��7KH�JDOORFDWHFKLQ�PRLHW\�RI�JUHHQ�WHD�IODYRQRLGV�
KDV�EHHQ�UHSRUWHG�WR�EH�UHVSRQVLEOH�IRU�WKLV�DFWLRQ��$ORHVLQ��D�ELRDF-
WLYH�FRPSRXQG�RI�Aloe vera�� DFWV�DV�D�QRQ�FRPSHWLWLYH� LQKLELWRU�RI�
HQ]\PH�W\URVLQDVH�DQG�SUHYHQWV�'23$�IURP�FRQYHUWLQJ�LQWR�PHODQLQ�
>��@��*ODEULGLQ�IURP�Glycirrhiza glabra >������@DQG�KHVSHULGLQ�IURP�
FLWUXV�IUXLWV�>��@�DOVR�H[KLELW�DQWL�W\URVLQDVH�DFWLYLWLHV�LQ�PHODQRF\WHV�

• By Inhibiting Dispersion or Translocation of Melanin: $IWHU�
V\QWKHVLV��PHODQLQ�QHHGV�WR�EH�VKLIWHG�IURP�PHODQRF\WHV�WR�NHUDWLQR-
F\WHV��0DQ\�VWXGLHV�KDYH�EHHQ�FRQGXFWHG� WR� LGHQWLI\� WKH�UHJXODWRU\�
IDFWRUV�� LQYROYHG� LQ� WKH� PRYHPHQW� RI� PHODQRVRPHV� GXULQJ� WKHLU�
WUDQVIHU�IURP�PHODQRF\WHV� WR�NHUDWLQRF\WHV��1LDFLQ��RU�9LWDPLQ�%���
KDV�D�ELRORJLFDOO\�DFWLYH�IRUP��QLDFLQ�DPLGH��ZKLFK�LV�IRXQG�LQ�URRW�
YHJHWDEOHV��,W�LQKLELWV�WUDQVORFDWLRQ�RI�PHODQRVRPHV�WR�NHUDWLQRF\WHV�
IURP�PHODQRF\WHV�>������@�

• By Controlling the Degradation of Melanin and its Subsequent 
Removal: ,I�DOO�RI�WKH�DERYH�FKHFNSRLQWV�IDLO�WR�FRQWURO�SLJPHQWDWLRQ��
WKHQ�WKH�H[FHVV�PHODQLQ�FDQ�EH�GHJUDGHG�DQG�VXEVHTXHQWO\�UHPRYHG��
/LTXLUWLQ�IURP�OLFRULFH�FDQ�SHUIRUP�GHVTXDPDWLRQ�E\�VKRUWHQLQJ�WKH�
FHOO� F\FOH� RI� PHODQL]HG� NHUDWLQRF\WHV� DQG� VXEVHTXHQWO\� UHPRYLQJ�
WKHP�>���@�

+RZHYHU�� WKH� EHQH¿FLDO� H൵HFWV� RI� PRVW� SK\WRELRDFWLYHV� DUH� GRVDJH�
GHSHQGHQW�� EXW� WKH� UHODWLRQVKLS� LV� QRW� OLQHDU�� 7KHUH� LV� D� FHUWDLQ� UDQJH� IRU�
SK\WRELRDFWLYHV��ZLWKLQ�ZKLFK� LI� WDNHQ��FDQ�SURYH� WR�EH�H൵HFWLYH��%H\RQG�
WKLV�UDQJH��WKH\�KDYH�QHJDWLYH�LPSDFWV��7KH�GRVHV�YDU\�GHSHQGLQJ�RQ�VHYHUDO�
IDFWRUV�� VXFK� DV�� DJH�� JHQGHU�� SUHJQDQF\� VWDWXV�� KHDOWK�� DQG� SDWKRORJLFDO�
condition. For example, high consumption (ten times more than normal) 
RI� QRQ�DOFRKROLF� EHYHUDJHV� �VXFK� DV�� FR൵HH�� FDQ� LQFUHDVH�PHWK\O[DQWKLQH�
FRQFHQWUDWLRQV�LQ�WKH�ERG\��7KLV�PD\�FDXVH�JHQHWLF�GDPDJH�LQ�VSHUP�FHOOV�
DQG� DOVR� UHGXFHG� VSHUP� FRXQW� LQ�PDOHV� >��@�� )HWXVHV� DUH� DOVR� D൵HFWHG� LQ�
XWHUXV�GXH�WR�KLJK�PHWK\O[DQWKLQH�FRQVXPSWLRQ�E\�WKH�SUHJQDQW�PRWKHU�>�@�

2I�UHFHQW��RYHU�GRVDJH�RI�ELR�DFWLYHV�KDV�EHHQ�UHSRUWHG�WR�HSLJHQHWLFDOO\�
PRGLI\�'1$�� OHDGLQJ� WR� DOWHUDWLRQ� RI� JHQH� H[SUHVVLRQ� DQG� KHQFH� FHUWDLQ�
diseases. Obesity genes undergo reduced methylation, triggering obesity. 
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3URPRWHUV�RI�JHQHV�DUH� LQYROYHG� LQ�HQHUJ\�EDODQFH��2YHUGRVDJH�RI�ELRDF-
WLYHV�DOWHUV�WKH�EDODQFH�EHWZHHQ�HQHUJ\�JDLQHG�DQG�VSHQW�E\�D�ERG\��VKLIWLQJ�
WKH�ÀX[�WRZDUGV�REHVLW\��6LPLODU�FKDQJHV�DW�WKH�JHQHWLF�DQG�HSLJHQHWLF�OHYHO��
GXH�WR�ELRORJLFDO�WUDQVFHQGHQFH�RI�SK\WRELRDFWLYHV�KDYH�DOVR�EHHQ�IRXQG�WR�
EH�LQYROYHG�ZLWK�&9'V��FDQFHU��HWF���>������@�

2YHUGRVHV�RI�FHUWDLQ�YLWDPLQV�DOVR�LPSDFW�QHJDWLYHO\��([FHVVLYH�LQWDNH�
RI�9LWDPLQ�&�FDXVHV�GLJHVWLYH�GLVWUHVV� >��@��9LWDPLQ�%��� LI� WDNHQ� LQ� ODUJH�
DPRXQWV��L�H���EH\RQG�WKH�WROHUDEOH�XSSHU�OLPLW���FDQ�UHVXOW�LQ�QHUYH�GDPDJH�
>���@��$�ODUJH�LQWDNH�RI�9LWDPLQ�'�FDQ�OHDG�WR�DQ�LQFUHDVH�LQ�EORRG�FDOFLXP�
OHYHOV�>��@�DQG�NLGQH\�IDLOXUH�>���@��9LWDPLQ�$�LQ�H[FHVV�UHGXFHV�ERQH�PLQHUDO�
GHQVLW\��ZKLFK�LQFUHDVHV�WKH�ULVN�RI�IUDFWXUHV�>���@��9LWDPLQ�$�WR[LFLW\�FDQ�EH�
DFXWH�RU�FKURQLF�GHSHQGLQJ�RQ�WKH�GXUDWLRQ�RI�LQWDNH�>��@�

7.5 STRATEGIES FOR DELIVERING BIOACTIVE COMPOUNDS 
FOR HEALTH THERAPY

7KH�EHVW�ZD\�WR�LQWDNH�D�YDULHW\�RI�ELR�DFWLYHV�LV�WR�HDW�VXIILFLHQW�TXDQWLWLHV�RI�
QXWULWLRXV�IRRG��1RW�DOO�W\SHV�RI�QDWXUDO�SODQW�EDVHG�SURGXFWV�DUH�DYDLODEOH�LQ�
VXEVWDQWLDO�DPRXQWV�DW�DOO�KXPDQ�KDELWDWLRQV��$OVR��PDQ\�SHRSOH�DUH�VHQVLWLYH�
WR�FHUWDLQ�SODQW�EDVHG�SURWHLQV�>��@��7KHUHIRUH��ZKROH�SODQW�EDVHG�IRRG�SURG-
XFWV�DUH�QRW�VXLWDEOH�IRU�WKHP��+HQFH��SODQW�EDVHG�ELR�DFWLYHV�QHHG�WR�EH�PDGH�
DYDLODEOH�WR�WKHP�LQ�SXULILHG�IRUP��IUHH�IURP�SODQW�SURWHLQ�FRQWDPLQDWLRQ�

$�SRWHQWLDO�ELRDFWLYH�FRPSRXQG��DIWHU�LWV�LGHQWL¿FDWLRQ��PXVW�EH�HYDOX-
DWHG�¿UVW�IRU�LWV�H൶FDF\�DQG�VDIHW\�RI�DGPLQLVWUDWLRQ��2QFH�HVWDEOLVKHG��WKH�
HDVH�RI�LWV�DYDLODELOLW\��V\QWKHVLV��VWDELOLW\��DQG�PRGH�RI�WUDQVSRUW�UHTXLUH�WR�
EH�LQYHVWLJDWHG��7KH�FRVW�RI�WKH�XOWLPDWH�FRPPHUFLDO�SURGXFW�LV�DOVR�D�PDWWHU�
RI�FRQFHUQ��7KHUHIRUH��QRYHO�SURFHGXUHV�DUH�DOZD\V�RQ�WKH�KXQW�WR�PDNH�WKH�
EHVW�RXW�RI�ZKDW�LV�DYDLODEOH�VR�WKDW�LW�LV�DFFHVVLEOH�WR�FRPPRQ�SHRSOH�

7.5.1 MICROBIAL DELIVERY

2QH� VXFK� WHFKQLTXH� LV� GHOLYHU\� WKURXJK�PLFUREHV��:H� LQJHVW� D� ORW� RI� ELR�
DFWLYHV�WKURXJK�IRRG��<HW��WKH�OLPLWDWLRQV�RI�WKH�KXPDQ�GLJHVWLYH�V\VWHP�GR�QRW�
DOORZ�XV�WR�H[WUDFW�DOO�FRPSRQHQWV�IURP�WKH�PHDO��*XW�PLFURELRWD��HVSHFLDOO\�
WKH�ODFWLF�DFLG�EDFWHULD��/$%V���VHFUHWH�SURWHRO\WLF�HQ]\PHV�WKDW�FRPSOHWHO\�
GLJHVW� IRRG�PDWULFHV��/$%V�DUH� DGGHG� WR� WKH�SURFHVVHG� IRRG� WR� HQVXUH� WKH�
H[WUDFWLRQ� RI� HQFU\SWHG� ELR�DFWLYHV� LQ� IRRG�� 7KLV� WHFKQRORJ\� PLPLFV� WKH�
QDWXUDO�V\VWHP�RI�GHOLYHU\�RI�QXWULPHQWV�IURP�IRRG�LQWR�WKH�JXW�>��@�
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7.5.2 NANOTECH DELIVERY

'HYHORSPHQW� LQ� QDQR�WHFKQRORJ\� KDV� SURYLGHG� EHQHILWV� RI� GHOLYHU\� RI�
ELRDFWLYHV� LQ� QDQR�HPXOVLRQV� WKURXJK� QDQR�HQFDSVXODWLRQ�� 4XHUFHWLQ�� DQ�
anticancer agent, had its medical applications limited due to low aqueous 
VROXELOLW\�� UDSLG� PHWDEROLVP� DQG� FOHDUDQFH� IURP� WKH� ERG\� �YHU\� OLWWOH�
ELRORJLFDO�KDOI�WLPH���SRRU�VWDELOLW\�GXH�WR�RUDO�DGPLQLVWUDWLRQ��7KHVH�GD\V��
TXHUFHWLQ�QDQR�IRUPXODWLRQV�DUH�EHLQJ�GHYHORSHG�DQG�H[SORUHG�WR�RYHUFRPH�
PRVW�RI�WKHVH�VKRUWFRPLQJV�>��@�

7.6 NUTRIGENOMICS

1XWULJHQRPLFV�UHIHUV�WR�³the science how bio-actives in foods and supple-
ments alter the molecular expression and/or structure of an individual’s 
genetic makeup´�>���@��$OWKRXJK�WKH�EHQHILFLDO�HIIHFWV�RI�IRRG�WR�WKH�KXPDQ�
ERG\�ZHUH�NQRZQ�VLQFH�HDUO\�WLPHV��\HW�WKH�VFLHQWLILF�TXHVW�LQ�ILQGLQJ�RXW�WKH�
DFWXDO�LQWHUDFWLRQV�DQG�UHODWLRQVKLS�EHWZHHQ�DFWLYH�LQJUHGLHQWV�LQ�IRRG�DQG�
WKH�JHQRPH��VWDUWHG�RQO\�ZLWK�WKH�GLVFRYHU\�DQG�LVRODWLRQ�RI�'1$��7KLV�ZDV�
IROORZHG�E\�WKH�FUDFNLQJ�RI�WKH�'1$�VWUXFWXUH�DQG�VXEVHTXHQW�GLVFORVXUH�RI�
the entire human genome. Since nutrigenomics deals with the diet-genome 
interaction, it brings together genomics, nutritional science, molecular medi-
FLQH��FRPSXWDWLRQDO�ELRORJ\��DQG�ELRLQIRUPDWLFV�DW�RQH�SODWIRUP�WR�DQVZHU�
WKH�FRPSOH[�HWLRORJ\�RI�FKURQLF�GLVHDVHV�DQG�WR�FXUH�WKHP�>���@�

³7KH�QHZ� VFLHQFH�RI� QXWULJHQRPLFV� WHDFKHV�XV�ZKDW� VSHFL¿F� IRRGV� WHOO�
your genes. What you eat, directly determines the genetic messages your 
body receives. These messages, in turn, control all the molecules that consti-
tute your metabolism: the molecules that tell your body to burn calories 
or store them. If you can learn the language of your genes and control the 
messages and instructions they give your body and your metabolism, you can 
radically alter how food interacts with your body, lose weight, and optimize 
your health�´�0DUN�+\PDQ�>��������@�

1XWULJHQRPLFV�LQYROYHV�LQWHUDFWLRQV�EHWZHHQ�DFWLYH�IRRG�LQJUHGLHQWV�DQG�
WKH�JHQHV�WKDW�KDYH�EHHQ�LQKHULWHG��&HUWDLQ�GLVHDVHV��ZKLFK�ZHUH�SUHYLRXVO\�
EURDGO\�WHUPHG�DV�³WKH�LQERUQ�HUURUV�RI�PHWDEROLVP´�KDYH�WUDGLWLRQDOO\�DOZD\V�
EHHQ�WUHDWHG�E\�PRGLI\LQJ�RU�PDQLSXODWLQJ�WKH�SDWLHQW¶V�GLHW��3KHQ\O�NHWRQXULD�
LV�DQ�H[DPSOH�RI�WKLV��7KLV�GLVHDVH�LV�FDXVHG�E\�PXWDWLRQ��D�VLQJOH�QXFOHRWLGH�
SRO\PRUSKLVP��LQ�WKH�SKHQ\ODODQLQH�K\GUR[\ODVH��3$+��JHQH�WKDW�FRGHV�IRU�
SKHQ\ODODQLQH�K\GUR[\ODVH��7KLV�HQ]\PH�FDWDO\]HV�WKH�FRQYHUVLRQ�RI�SKHQ\O-
DODQLQH� WR� W\URVLQH��7KH�PXWDWLRQ� OHDGV� WR�EXLOG�XS�RI�SKHQ\ODODQLQH� LQ� WKH�
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ERG\��OHDGLQJ�WR�KDUPIXO�H൵HFWV�RQ�K\SHU�DFFXPXODWLRQ��$�ORZ�SKHQ\ODODQLQH�
GLHW�LV�WKH�RQO\�UHFRPPHQGDWLRQ�WR�NHHS�JRRG�KHDOWK�>��@�

$QRWKHU�H[DPSOH�RI�QXWULJHQRPLFV�LV�SURYLGHG�E\�SKHQRPHQRQ�RI�ODFWRVH�
LQWROHUDQFH��$Q�HQ]\PH�FDOOHG�ODFWDVH�EUHDNV�GRZQ�ODFWRVH��WKH�PLON�VXJDU��
SUHVHQW�LQ�PLON�DQG�PLON�SURGXFWV���8VXDOO\��WKH�JHQH�HQFRGLQJ�IRU�WKH�HQ]\PH�
ODFWDVH�LV�WXUQHG�R൵�LQ�KXPDQV�VKRUWO\�DIWHU�WKH�ZHDQLQJ�SHULRG��7KHUHIRUH��
ODFWRVH� LQWROHUDQFH� LV� D� QRUPDO� WKLQJ� WR� KDSSHQ� DV� RQH� DJHV�� +RZHYHU�� D�
IHZ� WKRXVDQG� \HDUV� DJR�� D� VLQJOH� QXFOHRWLGH� SRO\PRUSKLVP� LQ� WKH� ODFWDVH�
HQFRGLQJ�JHQH�UHVXOWHG�LQ�SURORQJHG�H[SUHVVLRQ�RI�ODFWDVH�LQWR�DGXOWKRRG�RI�
(XURSHDQV��7KLV�PXWDWLRQ�ZDV�IDYRUHG�DV�WKH�PXWDQWV�FDQ�XWLOL]H�PLON�DQG�
milk products (nutritionally rich products) in geographical areas, where the 
JURZLQJ�VHDVRQ�RI�FURSV�DQG�IUXLWV�LV�VKRUW�>��@�

7R� GDWH�� QXWULJHQRPLFV� KDV�PDLQO\� IRFXVHG� RQ� VLQJOH� QXFOHRWLGH� SRO\-
PRUSKLVPV� �613V���613V�DFFRXQW� IRU�PRUH� WKDQ�QHDUO\�����RI� WKH�'1$�
VHTXHQFH�YDULDWLRQV��JHQHWLF�YDULDWLRQV��LQ�KXPDQV��&HUWDLQ�613V�WUDQVIRUP�
WKH�IXQFWLRQ�RI�KRXVHNHHSLQJ�JHQHV�DQG�RIWHQ�OHDG�WR�WKH�SUHGLVSRVLWLRQ�RI�D�
SDUWLFXODU�GLVHDVH��%LRDFWLYHV�LQ�WKH�GLHW�KDYH�WKH�SRWHQWLDO�WR�GL൵HUHQWLDOO\�
PRGLI\� WKH� LPSDFW� RI� 613V�� ZKLFK� GHFUHDVH� WKH� ULVN� RI� WKH� GLVHDVH�� )RU�
H[DPSOH��WKH�&���7�SRO\PRUSKLVP�RI�PHWK\OHQHWHWUDK\GURIRODWH�UHGXFWDVH�
�07+)5��JHQH�LQYROYHV�D�GLHW�613�LQWHUDFWLRQ��&���7�YDULDQW�VORZV�GRZQ�
WKH�07+)5�HQ]\PH�DFWLYLW\�UHVXOWLQJ�LQ�D�GHFUHDVH�LQ�WKH�DELOLW\�WR�XWLOL]H�
IROLF� DFLG� RU� IRODWH� WR� FRQYHUW� KRPRF\VWHLQH� WR� PHWKLRQLQH� DQG� WKHQ� WR�
S-adenosyl methionine (SAM).

6$0� LV� UHTXLUHG� IRU� WKH�SUHVHUYDWLRQ�RI� F\WRVLQH�PHWK\ODWLRQ� LQ�'1$�
DQG�WKH�FRUUHVSRQGLQJ�H[SUHVVLRQ�RI�JHQHV��+RZHYHU��OHYHOV�RI�DQRWKHU�IRUP�
RI�IRODWH�PD\�EH�LQFUHDVHG�E\�WKH�VDPH�HQ]\PH�YDULDQW�WKDW�V\QWKHVL]HV�WKH�
WK\PLGLQH�EDVH��7K\PLGLQH�SUHYHQWV�WKH�PLV�LQFRUSRUDWLRQ�RI�XUDFLO�LQ�'1$��
ZKLFK�LV�PXWDJHQLF��7KHUHIRUH��WKLV�VKLIW�LQ�WKH�SDWWHUQ�RI�'1$�PHWK\ODWLRQ�
H[SODLQV�ZK\�D�ORZ�IRODWH�GLHW�PDNHV�KRPR]\JRXV�&���7�LQGLYLGXDOV�PRUH�
GHFXPEHQW� WR� GHYHORSPHQWDO� GHIHFWV��$W� WKH� VDPH� WLPH�� LW� DOVR� SURYLGHV�
SURWHFWLRQ�DJDLQVW�FHUWDLQ�W\SHV�RI�FDQFHU�>��@�

$QRWKHU�FDVH�RI�JHQH�SRO\PRUSKLVP��SUHGLVSRVLQJ�WKHLU�EHDUHUV�WR�FKURQLF�
SDWKRORJLFDO�FRQGLWLRQV��LV�SURYLGHG�E\�WKH�APOE�JHQH��7KLV�JHQH�KDV�WKUHH�
SKHQRW\SHV��HDFK�ZLWK�GL൵HUHQW�SUREDELOLWLHV�RI� ULVN�RI�&9'�DQG�GL൵HUHQW�
UHVSRQVHV�WR�HQYLURQPHQWDO�IDFWRUV��OLIHVW\OH��DQG�GLHW��0DMRULW\�RI�WKH�SRSX-
lation in the United States bear the APOE3 phenotype and responds well to 
ORZ�LQWDNH�RI�IDW�LQ�GLHW�DORQJ�ZLWK�SK\VLFDO�H[HUFLVH��+RZHYHU��D�VXEVWDQWLDO�
SHUFHQWDJH�RI�WKH�8QLWHG�6WDWHV¶�SRSXODWLRQ�FDUULHV�D�SRO\PRUSKLF�$32(�İ� 
JHQH��7KLV�YDULDQW�LV�DVVRFLDWHG�ZLWK�KLJK�FKROHVWHURO�OHYHOV��LQFUHDVHG�ULVN�RI�
$O]KHLPHU�DQG�GLDEHWHV�>��@�
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)URP� OLWHUDWXUH� UHYLHZ� LQ� WKLV� VHFWLRQ�� LW� FDQ� EH� FRQFOXGHG� WKDW� ELRDF-
WLYHV�FDQ�EH�EHQH¿FLDO�WR�RXU�KHDOWK�ULJKW�IURP�WKH�JHQHWLF�OHYHO��'L൵HUHQW�
ELRDFWLYHV� D൵HFW� WKH� JHQRPHV� RI� GL൵HUHQW� LQGLYLGXDOV� LQ� XQLTXHO\� LQ� D�
GRVH�GHSHQGHQW�PDQQHU��7KH� EHQH¿FLDU\� UDQJH� RI� GRVHV� HYHQ� YDULHV� IURP�
SHUVRQ�WR�SHUVRQ��'L൵HUHQW�OLIHVW\OHV�DQG�GLHW�KDELWV�GHWHUPLQH�WKH�W\SH�DQG�
TXDQWLW\�RI�ELRDFWLYHV�QHFHVVDU\�IRU�DQ�LQGLYLGXDO��$FFRUGLQJO\��WKHVH�PD\�
SOD\� EHQH¿FLDU\� RU� QHJDWLYH� UROHV� LQ� WKHLU� KHDOWK��0RUHRYHU�� VXEWOH� '1$�
FKDQJHV�H[LVW�LQ�SRSXODWLRQV��7KH�H൵HFW�RI�ELRDFWLYHV�RQ�JHQRPHV�WKXV�DOVR�
YDULHV�LQ�LQGLYLGXDOV��+RZHYHU��QXWULJHQRPLFV�DOVR�H[SORUHV�WKH�SRVVLELOLWLHV�
LQ�WKH�RWKHU�ZD\�URXQG��L�H���KRZ�GH¿FLHQF\�RU�H[FHVV�RI�QXWULPHQWV�FDQ�FDXVH�
PXWDWLRQV�LQ�WKH�JHQRPH��HLWKHU�DW�WKH�OHYHO�RI�'1$�EDVHV�RU�FKURPRVRPH�

7KH�QXWULJHQRPLFV�YLHZV�GLHW�LQ�WHUPV�RI�LWV�JHQRPH�SURWHFWLQJ�FRQVWLWXHQWV�
DQG�SRWHQWLDO��%HQ�YDQ�2PPHQ�K\SRWKHVL]HV�WKDW�³all diseases can be reduced 
WR� LPEDODQFHV� LQ� IRXU� RYHUDUFKLQJ� SURFHVVHV�� LQÀDPPDWRU\�� PHWDEROLF��
oxidative, and psychological stress´�>��@��.DSXW�EHOLHYHV�WKDW�³nutrigenomics 
UHSUHVHQWV�D�PDMRU�HৼRUW�WR�LPSURYH�RXU�XQGHUVWDQGLQJ�RI�WKH�UROH�RI�QXWULWLRQ�
DQG�JHQRPLF�LQWHUDFWLRQV�LQ�DW�OHDVW�WKH�¿UVW�WKUHH�RI�WKHVH�DUHDV´�>��@�

2YHU�WKH�FRXUVH�RI�KXPDQ�HYROXWLRQ��WKH�PHWDEROLF�DELOLWLHV�RI�KXPDQV�
KDYH�EHHQ� VHYHUHO\�FKDQJHG�GXH� WR�GLHWDU\� VW\OHV��7KLV�SURIRXQG�PROGLQJ�
RI� GLHW� RYHU� WKH� \HDUV� KDV� VSDUNHG� WKH� HPHUJHQFH� RI�PRGHUQ�GD\� FKURQLF�
GLVHDVHV��'LHW�LV�D�OLPLWLQJ�IDFWRU�IURP�WKH�HYROXWLRQDU\�SRLQW�RI�YLHZ��/LNH�
RWKHU� HQYLURQPHQWDO� FODXVHV�� LW� OHYLHV� VHOHFWLYH� SUHVVXUH� RQ� SRSXODWLRQV��
:LWKLQ� D� SRSXODWLRQ�� FHUWDLQ� JHQRW\SHV� UHTXLUH� KLJK� DPRXQW� RI� QXWULHQWV��
:KHQ�WKH�DSSURSULDWH�UHTXLUHPHQWV�DUH�QRW�IXO¿OOHG��VHOHFWLRQ�RFFXUV�DJDLQVW�
WKRVH�JHQRW\SHV��,I�WKH�UHTXLUHPHQWV�DUH�PHW��WKHQ�WKHVH�JHQRW\SHV�SHUVLVW�LQ�
WKH�SRSXODWLRQ��&HUWDLQ�DOOHOHV�RI�D�JHQH�SURYLGH�VRPH�VHOHFWLYH�DGYDQWDJH�
RYHU� RWKHUV��$Q� RSWLPDO� OHYHO� RI� WKH� UHTXLUHG� QXWULPHQW�PD\� LQFUHDVH� WKH�
IUHTXHQF\�RI�WKHVH�DOOHOHV�LQ�D�SRSXODWLRQ�>��@��)LJXUH������UHSUHVHQWV�KRZ�
GLHW�LV�LQWULFDWHO\�UHODWHG�WR�WKH�JHQRPH�DQG�YLFH�YHUVD�

7.7 FUTURE PERSPECTIVES

2QH�RI�WKH�PDMRU�JRDOV�RI�QXWULJHQRPLFV�LV�WR�GLDJQRVH�DQG�SUHYHQW�FKURQLF�
GLVHDVHV� QXWULWLRQDOO\� EDVHG� RQ� JHQHWLF�PDNHXS��/DFN�RI� DZDUHQHVV� DERXW�
diet-SNP interaction is a considerable impediment in public health aware-
QHVV��+RZHYHU��LGHQWLI\LQJ�WKHVH�LQWHUDFWLRQV�LV�FKDOOHQJLQJ��,W�LV�GLIILFXOW�WR�
GHPRQVWUDWH�D�OLQN�EHWZHHQ�D�ELRDFWLYH�LQJUHGLHQW�DQG�KHDOWK�GLVHDVH��2IWHQ��
D� ³VLQJOH� DFWLYH� LQJUHGLHQW�VLQJOH� HIIHFW´� UHODWLRQVKLS�GRHV�QRW� KROG�YDOLG��
,QVLGH�D�KXPDQ�ERG\��DOO�SDWKZD\V�DUH�FRQQHFWHG�LQ�VRPH�PDQQHU��7KHUHIRUH��
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LW� LV�GLIILFXOW� WR�GHPRQVWUDWH�ZKLFK�RQH�RI� WKH�DFWLYH� LQJUHGLHQWV� LV�UHODWHG�
ZLWK� D� SDUWLFXODU� KHDOWK� EHQHILW��0DQ\� SHRSOH� DUH� RI� WKH� RSLQLRQ� WKDW� WKH�
DFWLYLW\�RI�D�ELRDFWLYH�LQJUHGLHQW�LV�QRW�GXH�WR�WKH�FRPSRXQG�SHU�VH�EXW�GXH�
WR�WKH�SURGXFWLRQ�RI�D�PHWDEROLWH�IURP�WKH�FRPSRXQG�E\�WKH�KRVW�RU�WKH�JXW�
microbiota. For example, Vitamin D exhibits its antioxidant properties only 
DIWHU�JHWWLQJ�FRQYHUWHG�WR�LWV�DFWLYH�IRUP�FDOFLWULRO�>��@�

FIGURE 7.12 Interaction between diet and genome.
Source: 6HOI�GHYHORSHG�IURP�FRQFHSWV�E\�5XJE\�5HQHJDGH�>���@��DQG�1XWULWLRQDO�VFLHQFHV�
QHZV�DQG�KLJKOLJKWV�>��@�

,W�KDV�DOVR�EHHQ�HVWDEOLVKHG�WKDW�KXPDQ�JXW�PLFURELDO�GLYHUVLW\�LV�JUHDWHU�LQ�
VOLP�WKDQ�REHVH�REMHFWV��:HLJKW�ORVV�DWWHPSWV�DUH�OHVV�H൵HFWLYH�LQ�SHRSOH�ZLWK�
ORZ�JXW�PLFURELDO�JHQHWLF�GLYHUVLW\�>��@��,Q�RUGHU�WR�DFFXPXODWH�HYLGHQFH�IRU�
WKH�UHODWLRQ�RI�ELRDFWLYH�FRPSRQHQWV�WR�KHDOWK��ELRPDUNHUV�QHHG�WR�EH�GHYHO-
RSHG��%LRDFWLYLW\�RI�IRRG�FDQ�EH�DWWULEXWDEOH� WR�PRUH� WKDQ�RQH�FRPSRQHQW��
ZKLFK�FDQ�PDNH�PXOWLSOH�WLVVXHV�WR�UHVSRQG�DW�WKH�VDPH�WLPH��7KLV�PDNHV�LW�
GL൶FXOW�WR�PRQLWRU�WKH�OLQN�EHWZHHQ�DQ�DFWLYH�LQJUHGLHQW�DQG�KHDOWK�

7KH�VWXG\�RI�QXWULJHQRPLFV�UHTXLUHV�WKH�XVH�RI�KLJK�RPLFV�WHFKQRORJLHV��
VXFK�DV��JHQRPLFV��SURWHRPLFV��DQG�PHWDERORPLFV��<HW��WKH�SUHVHQWO\�DYDLO-
DEOH� WHFKQRORJLHV�DUH�QRW�HQRXJK��0DQ\�DWWHPSWV� WR� LGHQWLI\� WKH�613�GLHW�
LQWHUDFWLRQV�KDYH�QRW�EHHQ�VXFFHVVIXO�GXH�WR�LQVX൶FLHQW�VWDWLVWLFDO�GDWD�DQG�
RWKHU�PHWKRGRORJ\� SUREOHPV�� .DSXW� VD\V� WKDW� ³the diet-gene interactions 
are highly complex and hard to predict, thus demonstrating the need for 
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completely controlled genotypes and environmental conditions that allow for 
LGHQWLI\LQJ�GLৼHUHQW�UHJXODWRU\�SDWWHUQV�EDVHG�RQ�GLHW�DQG�JHQRW\SH´�>��@��
+H�DGGV�WKDW�³the challenges we now face may ultimately require a nutrig-
enomics project on a scale of the Human Genome Project to identify the 
genes that cause or promote chronic disease and the nutrients that regulate 
RU�LQÀXHQFH�WKH�DFWLYLW\�RI�WKHVH�JHQHV´�>��@�

In the 21st� FHQWXU\�� FKURQLF� SDWKRORJLFDO� FRQGLWLRQV� �VXFK� DV�� REHVLW\��
GLDEHWHV��&9'V��FDQFHU��HWF����DUH�ZLGHO\�SUHYDOHQW��7KHLU�LQFUHDVHG�RFFXU-
UHQFH�LV�DOVR�SDUWO\�UHVSRQVLEOH�EHFDXVH�RI�WKH�OD]\�OLIHVW\OH�DQG�GLHW�RI�LQGL-
YLGXDOV��7KXV��D�PRGL¿FDWLRQ�LQ�OLIHVW\OH�KDELWV�DQG�GLHW�FDQ�EH�RI�VXEVWDQWLDO�
EHQH¿W�LQ�SUHYHQWLQJ�RU�FXULQJ�WKHVH�PDODGLHV��)UXLWV�DQG�YHJHWDEOHV�FRQWDLQ�
P\ULDG�ELRDFWLYH�FRPSRQHQWV�WKDW�KDYH�SURWHFWLYH�UROHV��$�GLHW�FRQVLVWLQJ�RI�
PRUH�IUXLWV�DQG�YHJHWDEOHV�KDYH�EHHQ�VKRZQ�WR�ZRUN�EHWWHU�LQ�NHHSLQJ�FKURQLF�
diseases at bay than taking medical supplements as mentioned earlier.

%LR�IRUWL¿FDWLRQ� RI� VWDSOH� IRRG� ZLWK� WKHVH� DFWLYH� LQJUHGLHQWV� LV� DOVR�
UHTXLUHG�WR�PDNH�WKHP�DYDLODEOH�WR�FRPPRQ�PDVVHV��,Q�WKH�ODVW�WZR�GHFDGHV��
D�VXEVWDQWLDO�IRFXV�KDV�EHHQ�LQ�WKH�LGHQWL¿FDWLRQ�DQG�FKDUDFWHUL]DWLRQ�RI�WKHVH�
DFWLYH�LQJUHGLHQWV��7KHLU�H[DFW�UROH�LQ�KXPDQ�ERG\�LV�VWLOO�DQ�HQLJPD��7KLV�¿HOG�
KROGV�H[FLWLQJ�UHVHDUFK�SURVSHFWV�ZLWK�SURPLVLQJ�UHVXOWV�IRU�KXPDQ�KHDOWK�

7.8 SUMMARY

7KH�KHDOWK\�GLHW�VKRXOG�LQFOXGH�VXEVWDQWLDO�TXDQWLWLHV�RI�IUXLWV�DQG�YHJHWDEOHV�
DV� WKH\� FRQVLVW� RI� DFWLYH� LQJUHGLHQWV�� ZKLFK� KDYH� SURWHFWLYH� UROHV� DJDLQVW�
FKURQLF� GLVHDVHV��7KHVH� SK\WRELRDFWLYHV� KDYH� EHHQ� IRXQG� WR� LQWHUDFW�ZLWK�
'1$�DQG�WKXV�H[HUW�JHQHWLF�HIIHFWV�LQ�D�GRVH�GHSHQGHQW�PDQQHU��7KH�ILHOG�
RI�QXWULJHQRPLFV�LV�FRQFHUQHG�ZLWK�WKH�LGHQWLILFDWLRQ�DQG�FKDUDFWHUL]DWLRQ�RI�
these interactions. Currently, progress in this research is slow due to certain 
WHFKQRORJLFDO�DQG�VWDWLVWLFDO�OLPLWDWLRQV��+RZHYHU��LW�LV�FOHDU�WKDW�SK\WRELRDF-
WLYHV�DUH�EHQHILFLDO�IRU�KHDOWK��:H�QHHG�WR�JHW�D�GLHW�SHUVRQDOL]HG��EDVHG�RQ�
our genetic composition and abide by it. It is high time that we know our 
genome and start eating smart.
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ROLE OF DIETARY PHYTOCHEMICALS 
IN AMELIORATION OF 
ARSENIC-INDUCED CANCER: 
AN EMERGING ELIXIR

NILANJAN DAS, MANISHA GUHA, and XAVIER SAVARIMUTHU

CHAPTER 8

ABSTRACT

Arsenic (As) is a documented carcinogen in persons who drink arsenic-
FRQWDPLQDWHG�JURXQGZDWHU��,QJHVWLRQ�RI�DUVHQLF�FDXVHV�QHRSODVLD�LQ�WKH�OXQJV��
XULQDU\�EODGGHU��DQG�VNLQ��3K\WRWKHUDSHXWLFV�IURP�KHUEDO�VRXUFH�VKRZV�VRPH�
HIILFDFLRXV�DQG�HQFRXUDJLQJ�UHFRYHU\�IURP�DUVHQLF�WR[LFLW\��3ODQW�EDVHG�QDWXUDO�
ELR�FRPSRXQGV��VXFK�DV��UXWLQ��UHVYHUDWURO��FXUFXPLQ��SRO\SKHQROV��HWF���KDYH�
EHHQ�IRXQG�WR�UHGXFH�DUVHQLF�WR[LFLW\��7KHVH�SK\WRFKHPLFDOV�HOLPLQDWH�DUVHQLF�
IURP� WKH� ELRORJLFDO� V\VWHP� DQG� DFW� DV� FKHPRSUHYHQWLYH� DJHQWV� DQG� KHOS� WR�
UHGXFH�WKH�GRVDJH�RI�GUXJV��7KLV�FKDSWHU�LV�D�FRPSUHKHQVLYH�UHSUHVHQWDWLRQ�RI�
WKH�FDUFLQRJHQLF�WR[LFLW\�RI�DUVHQLF�DQG�WKH�DSSOLFDWLRQ�SURILOH�RI�SK\WRFKHPL-
FDOV�WKDW�KDYH�WKH�SRWHQWLDO�WR�GHWR[LI\�DQG�UHGXFH�LWV�UXLQRXV�HIIHFWV�

8.1 INTRODUCTION

2XU�GHWHULRUDWLQJ�HQYLURQPHQW�UHSUHVHQWV�D�SULPH�FRQWULEXWRU�WR�WKH�P\ULDGV�
RI� GLVHDVHV� DQG� OLIH�WKUHDWHQLQJ� V\QGURPHV� >��@��$Q� LPSRUWDQW� WKHPH� RI�
(QYLURQPHQWDO� 6FLHQFHV� LV� WR� UHFRJQL]H� DQG� XQGHUVWDQG� KRZ� WKH� HQYLURQ-
PHQW�FDQ�DIIHFW�DQG�DOWHU�WKH�EDVLF�ELRORJ\�RI�WKH�KXPDQ�V\VWHP�DQG�KRZ�WKH�
HFR�WR[LFDQWV�NLQGOH�WKH�SURJUHVVLRQ�RI�WKH�GLVHDVH�>��@��5HJXODU�H[SRVXUH�WR�
D�KXJH�QXPEHU�RI�HFR�WR[LFDQWV�DQG�SROOXWDQWV�FDQ�WDNH�D�WROO�RQ�RXU�KHDOWK�
DQG��LQ�IDFW��LV�D�SULPH�FKDOOHQJH�LQ�WKH�PDMRU�SXEOLF�KHDOWK��&HUWDLQ�JUDYH�
GLVHDVHV�DUH�LQLWLDWHG�RU�H[DFHUEDWHG�E\�H[SRVXUH�WR�HQYLURQPHQWDO�WR[LFDQWV��
LQFOXGLQJ�FDQFHU��DQG�QHXURGHJHQHUDWLYH�GLVHDVHV�>��@�
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:LWK� WKH� DGYHQW� RI� UDSLG� LQGXVWULDOL]DWLRQ� DQG� FRQFRPLWDQW� VRFLR�
HFRQRPLF�FKDQJHV��WKH�SDWWHUQV�RI�UHVRXUFH�XWLOL]DWLRQ�DQG�PDQDJHPHQW�RI�
GLVSRVHG�ZDVWH�KDYH�EHFRPH�D�VHULRXV�SUREOHP�IRU�XV��7KH�VFLHQWL¿F�IUDWHU-
QLW\� LV�PDNLQJ� VHULRXV� GHOLEHUDWLRQV� RQ� GHYHORSLQJ� VWUDWHJLHV� WR� FRQVHUYH�
QDWXUDO�UHVRXUFHV��SUHYHQW�HQYLURQPHQWDO�SROOXWLRQ�>���@�DQG�ORRN�IRU�QDWXUDO�
ZD\V�WR�GHDO�ZLWK�GLVHDVHV��FDXVHG�GXH�WR�HQYLURQPHQWDO�WR[LFLW\�

Human exposure to xenobiotic substances (chemicals that are not naturally 
PHWDEROL]HG� LQ� WKH�ERG\�� LV�D�PDWWHU�RI�FRQFHUQ�GXH� WR� WKHLU� OHWKDO�H൵HFWV��
7R[LFLW\�GXH�WR�KHDY\�PHWDO�H[SRVXUH��VXFK�DV��&G��&X��&R��1L��DQG�3E��FDQ�
SURYH� IDWDO��$UVHQLF� �$V�� LV� D�PHWDOORLG� WKDW� LV�PRELOL]HG� IURP� LWV� QDWXUDO�
VRXUFHV�E\�YDULRXV�DFWLRQV��VXFK�DV��VPHOWLQJ�RI�PHWDOOLF�RUHV��LQGLVFULPLQDWH�
GHYHORSPHQW�RI�LUULJDWLRQDO�IDFLOLWLHV��DSSOLFDWLRQ�RI�$V�FRQWDLQLQJ�ZHHGLFLGHV�
RU�SHVWLFLGHV�� WKH�EXUQLQJ�RI� IRVVLO� IXHOV� DQG� WKH�H�ZDVWHV� IURP�HOHFWURQLFV�
LQGXVWU\�>��@��,W�LV�QRZ�HVWDEOLVKHG�WKDW�$V�LV�D�FDUFLQRJHQ�DJHQW�>��@�WKDW�H[HUWV�
its genotoxicity by inducing single-strand breaks (SSBs) in deoxyribonucleic 
DFLG��'1$��DQG�DOWHULQJ�WKH�PHWK\ODWLRQ�FDSDFLWLHV�>��@�

)LJXUH� ���� RXWOLQHV� WKH� FRQWHQWV� RI� WKLV� FKDSWHU��'L൵HUHQW� DQWKURSRORJLF�
FDXVHV�KDYH�OHG�WR�KHDY\�VRLO�DQG�ZDWHU�SROOXWLRQV��DQG�WKH�$V�LQIHVWDWLRQ��7KLV�
FKDSWHU�IRFXVHV�RQ�WKH�XVH�RI�KHUEDO�SURGXFWV�DJDLQVW�$V�WR[LFLW\�WR�H[SORUH�
WKH�SRWHQWLDO�RI� WUDGLWLRQDO� WKHUDSHXWLF�NQRZOHGJH�DQG� LQIXVH�PRGHUQ�UHFHQW�
DGYDQFHPHQWV�LQ�HFRWR[LFRORJ\�

8.2 ARSENIC MENACE

Arsenic (74.92As33) is a metalloid occurring in nature (i.e., an element whose 
SURSHUWLHV�DUH�WUDQVLWLRQDO�EHWZHHQ�PHWDOV�DQG�QRQ�PHWDOV���ZKLFK�LV�IRXQG�
XELTXLWRXVO\� LQ� VRLO� DQG� RUHV� RI� GLIIHUHQW� PHWDOV��$V�� ZLGHO\� UHJDUGHG� LQ�
DQWLTXLW\�DV�WKH�µNLQJ�RI�SRLVRQ�¶�LV�D�FKHPLFDO�WR[LFDQW�WKDW�FDQ�KDYH�HOHYDWHG�
KHDOWK�ULVNV�>��@��0RVW�RI�WKH�FRPSRXQGV�RI�$V�DUH�RGRUOHVV��IODYRUOHVV��DQG�
UHDGLO\�GLVVROYH�LQ�DTXHRXV�PHGLD��ZKLFK�IRVWHUV�DQ�LPSRVLQJ�KHDOWK�FKDO-
lenge to the people, drinking this As-contaminated water. Chronic subjection 
WR� LQRUJDQLF� FRPSRXQGV� RI�$V� FDQ� OHDG� WR� D� SOHWKRUD� RI� KHDOWK� SUREOHPV��
including skin lesions (like hyperkeratosis, hyperpigmentation, and Black-
IRRW� GLVHDVH��� KLJK� EORRG� SUHVVXUH�� GLVRUGHUV� RI� SHULSKHUDO� EORRG� YHVVHOV��
GLDEHWHV��DQG�LQFUHDVHG�ULVN�RI�FDQFHUV�RI�OXQJV��OLYHU��XULQDU\�EODGGHU�DQG�
NLGQH\V� >��@�� 7KH� 8QLWHG� 1DWLRQV¶� :RUOG� +HDOWK� 2UJDQL]DWLRQ� �:+2��
EURXJKW�GRZQ�WKH�SHUPLVVLEOH�FXW�RII�SRLQW�RI�$V�WLWHU�LQ�SRWDEOH�ZDWHU�IURP�
���ȝJ�/í��WR����ȝJ�/í���%H\RQG�WKLV�OHYHO��WKH�ZDWHU�LV�UHJDUGHG�DV�XQILW�IRU�
KXPDQ�FRQVXPSWLRQ�>���@�
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7KH� HOHYDWHG� WR[LFLW\� DQG� H[WHQVLYH� HQYLURQPHQWDO� FRQWDPLQDWLRQ��
GL൵HUHQW�NLQGV�RI�LQWHUGLVFLSOLQDU\�UHVHDUFK�KDYH�EHHQ�FRQGXFWHG�WKURXJKRXW�
WKH�JOREH��LQ�FRQQHFWLRQ�ZLWK�WKH�VLWH��DWWULEXWHV��HQYLURQPHQWDO�GLVWULEXWLRQ��
DQG�UHPHGLDWLQJ�PHWKRGV�RI�$V�FRQWDPLQDWLRQ��7KH�JHRORJLFDO�DQG�HQYLURQ-
PHQWDO�GDWD�KDYH�GHSLFWHG�DXJPHQWHG�$V�FRQFHQWUDWLRQV� LQ�ZDWHU� LQ�PDQ\�
DUHDV� LQ� WKH�ZRUOG��)LJXUH�������7KH�IDWDO� OHJDF\�LV�RQ� WKH�ULVH� LQ�JURZLQJ�
LQ�8QLWHG�6WDWHV�RI�$PHULFD��&KLQD��&KLOH��%DQJODGHVK��5HSXEOLF�RI�&KLQD�
�7DLZDQ���0H[LFR��$UJHQWLQD��-DSDQ��*KDQD��DQG�,QGLD�>�@�

FIGURE 8.2 'LVWULEXWLRQ�RI�DUVHQLF�LQ�FRXQWULHV�LQ�WKH�ZRUOG��&RXQWULHV�PDUNHG�ZLWK�EOXH�
FRORU�KDYH�DUVHQLF�FRQWDPLQDWHG�ZDWHU�
Source: 6HOI�GHYHORSHG�E\�DXWKRUV�EDVHG�RQ�5HIV��>������@�

7KH�FDXVH�RI�WKH�RYHUWO\�DXJPHQWHG�WLWHU�RI�$V�LV�D�FXOPLQDWLRQ�RI�QDWXUDO�
DQG�DQWKURSRJHQLF�VRXUFHV�RI�SROOXWLRQ�

8.2.1 ANTHROPOGENIC SOURCES

7KH�VRXUFHV�RI�$V�SROOXWLRQ�DULVLQJ�RXW�RI�KXPDQ�DFWLYLWLHV�DUH�SULQFLSDOO\�
LQFOXGH� LUULJDWLRQ�� XVH� RI� IRVVLO� IXHOV��PLQLQJ� DFWLYLWLHV�� DQG� WKH� HOHFWULFDO�
EXUQLQJ� RI� LQGXVWULDO� DQG� PXQLFLSDO� ZDVWHV�� 7KH� UHYROXWLRQ� LQ� WXEH�ZHOO�
GXULQJ�WKH�ODVW�WKUHH�GHFDGHV�LQ�WKH�*DQJHWLF�SODLQV�RI�,QGLD�DQG�%DQJODGHVK�
KDV�XQIROGHG�WKLV�QHZ�UHDOLW\�RI�$V�FRQWDPLQDWLRQ�>��@�

8.2.2 NATURAL SOURCES

,Q� WKH�ELRVSKHUH��$V� ILQGV� LWV�SUHVHQFH� LQ�VXOILGH�RUHV� LQ�FRQMXQFWLRQ�ZLWK�
FHUWDLQ�RWKHU�PHWDOV�� VXFK�DV�� OHDG�� VLOYHU��FRSSHU��DQG�JROG��7KH�FROOHFWHG�
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DFWLYLWLHV� RI� PLQHUDO� OHDFKLQJ� DQG� HOHYDWHG� HYDSRUDWLRQ� UDWHV� LQ� WURSLFV�
UHOHDVH�$V�FRPSRXQGV�IURP�WKHVH�QDWXUDO�VRXUFHV��7KLV�FDQ�DOVR�EH�FDXVHG�
E\�GHVRUSWLRQ�RI�PLQHUDO�R[LGHV�DQG�UHGXFWLRQ�DQG�GLVVROXWLRQ�RI�LURQ�DQG�
PDQJDQHVH�R[LGHV�>��@�

$OWKRXJK�$V�FDQ�H[LVW�DV�ERWK�RUJDQLF�DQG�LQRUJDQLF�IRUPV��)LJXUH�������
\HW� WKH�RUJDQLF�FRPSRXQGV�RI�$V��RI�D�NLQG�WKDW�DUH�SUHVHQW�LQ�VHDIRRG��
are lesser detrimental to human health than their inorganic counterparts 
�VXFK�DV��$V��,,,��DQG�$V��9����,QRUJDQLF�$V�LV�D�GRFXPHQWHG�FDUFLQRJHQ�
DJHQW�>���@�

FIGURE 8.3 6WUXFWXUHV�RI�DUVHQLF�DFLG��OHIW��+3AsO4��DQG�DUVHQRXV�DFLG��ULJKW��+�$V2����
which are typically encountered in arsenic-contaminated water.
Source: 6HOI�GHYHORSHG�

8.3 ARSENICOSIS AND ARSENIC-INDUCED CANCER

7KH� FKURQLF� H[SRVXUH� WR�$V� YLD� SRWDEOH� ZDWHU� OHDGV� WR� DUVHQLFRVLV� �$V�
SRLVRQLQJ�� >���@��7KH� KHDOWK� LPSOLFDWLRQV� DUH� RIWHQ� GHOD\HG� DQG� WKH� EHVW�
ZD\�RXW�RI�WKLV�SUREOHP�LV�GULQNLQJ�RI�SRWDEOH�ZDWHU�ZLWKRXW�RU�ORZ�FRQFHQ-
WUDWLRQ�RI�$V��$V� LV� QRW� XVXDOO\� DEVRUEHG� WKURXJK� WKH� VNLQ�� DQG� WKHUHIRUH�
H[SRVXUH�WR�$V�LQIHVWHG�ZDWHU� WKURXJK�KDQG�ZDVKLQJ�� ODXQGU\��HWF��� LV�QRW�
RI�JUHDW�FRQFHUQ�

8.3.1 IMPACTS OF ARSENIC EXPOSURE ON HEALTH

8.3.1.1 ACUTE EFFECTS

Following acute As poisoning, instant clinical signs include abdominal pain, 
YRPLWLQJ��DQG�GLDUUKHD��7KHVH�DUH�DFFRPSDQLHG�E\�WLQJOLQJ�DQG�QXPEQHVV�RI�
KDQGV�DQG�IHHW��PXVFOH�WZLWFKLQJ�DQG�LQ�VRPH�FDVHV�HYHQ�GHDWK�>��@�
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8.3.1.2 LONG-TERM EFFECTS

8.3.1.2.1 Keratosis and Skin Manifestations

,QLWLDO�V\PSWRPV�RI�FKURQLF�H[SRVXUH�WR�HOHYDWHG�FRQFHQWUDWLRQV�RI�LQRU-
JDQLF�$V��E\�GULQNLQJ�ZDWHU�DQG�IRRG�URXWH��DUH�JHQHUDOO\�VHHQ�RQ�WKH�VNLQ��
LQFOXGLQJ�PRGLILFDWLRQV�LQ�SLJPHQWDWLRQ��VNLQ�OHVLRQV��DQG�K\SHUNHUDWRVLV�
�WRXJK�SDWFKHV�RQ�WKH�SDOPV�DQG�IHHW�VROH���7KHVH�VNLQ�GLVRUGHUV�PDQLIHVW�
DW� OHDVW� ILYH� \HDUV� DIWHU� H[SRVXUH� DQG� DUH� UHJDUGHG� DV� SUHOXGHV� WR� VNLQ�
FDQFHU�>������@�

8.3.1.2.2 Other Cancers

In addition to skin cancer, long-term As exposure can also trigger bladder 
DQG� OXQJ� FDQFHUV�� 'LIIHUHQW� RWKHU� FDQFHUV� RI� WKH� DOLPHQWDU\� FDQDO� DQG�
XULQDU\�V\VWHP��LQFOXGLQJ�NLGQH\�FDQFHU��KDYH�DOVR�EHHQ�UHSRUWHG��7KXV��
WKH�$V�FRQWDPLQDWHG�GULQNLQJ�ZDWHU�FRXOG�EH�D�SRWHQWLDO�VRXUFH�RI�FDUFLQR-
JHQHVLV�>��@�

8.3.1.2.3 Systemic Disorders

6HYHUDO� RWKHU� DFULPRQLRXV� KHDOWK� SUREOHPV� WKDW� FRXOG� EH� DVVRFLDWHG� ZLWK�
FKURQLF�LQWDNH�RI�LQRUJDQLF�$V��DUH��GLDEHWHV��GHYHORSPHQWDO�GHIHFWV��EUHDWKLQJ�
GLVRUGHUV� �OXQJ� GLVHDVHV�� DQG� FDUGLRYDVFXODU� GLVHDVH�� 2IWHQ� $V�LQGXFHG�
FDUGLRYDVFXODU� GLVHDVH� SURPRWHV� P\RFDUGLDO� LQIDUFWLRQV�� +HDUW� DWWDFN� GXH�
WR�$V�LQGXFHG�WR[LFLW\�LV�SDUWLFXODUO\�D�JUDYH�FDXVH�IRU�GHDWK�LQ�WKH�DIIHFWHG�
SDWLHQWV�>��@�

8.3.1.2.4 Blackfoot Disease

,Q� WKH� 5HSXEOLF� RI� &KLQD� �7DLZDQ��� $V� SRLVRQLQJ� KDV� EHHQ� UHODWHG� WR�
³%ODFNIRRW�GLVHDVH�´�D�FULWLFDO�GLVRUGHU�RI�EORRG�YDVFXODWXUH�WKDW�JLYHV�ULVH�
to gangrene (a hypoxic condition in the tissues leading to the necrosis in the 
VNLQ�DQG�VRIW� WLVVXHV���7KH�%ODFNIRRW�GLVHDVH� LV�QRW�XVXDOO\�IRXQG�LQ�RWKHU�
$V�DIIHFWHG�DUHDV�RI�RXU�SODQHW��DQG�LW�LV�DVVXPHG�WKDW�VXFK�D�SKHQRW\SH�PD\�
UHVXOW�IURP�PDOQXWULWLRQ�FRXSOHG�ZLWK�$V�WR[LFLW\�>������@�
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8.3.1.2.5 Teratogenicity

$V�WR[LFLW\�LV�DOVR�DVVRFLDWHG�ZLWK�GHYHORSPHQWDO�GLVRUGHUV�DQG�PD\�UHVXOW�LQ�
QHJDWLYH�UHVXOWV�RI�SUHJQDQF\�DQG�HIIHFWV�RQ�WKH�KHDOWK�RI�FKLOGUHQ��,Q�XWHUR�
DQG�HDUO\�MXYHQHVFHQFH�H[SRVXUH�WR�$V�KDV�EHHQ�FRUUHODWHG�ZLWK�LQFUHDVHG�
PRUWDOLW\� DPRQJ� NLGV� DQG� DGROHVFHQWV�� 7KH� DIIHFWHG� LQGLYLGXDOV� PRVWO\�
VXFFXPE� WR� PXOWLSOH� QHRSODVLDV�� SXOPRQDU\� V\QGURPHV�� FDUGLRYDVFXODU�
GLVHDVHV�� DQG� NLGQH\� IDLOXUH�� 1XPEHU� RI� UHVHDUFK� VWXGLHV� KDYH� LQGLFDWHG�
WKDW�$V�H[SRVXUH�GXULQJ�JURZWK�FDQ�KDYH�DGYHUVH�HIIHFWV�RQ�IHWDO�FRJQLWLYH�
GHYHORSPHQW��LQWHOOLJHQFH��DQG�PHPRU\�>������@�

7KH� FXWDQHRXV� PDQLIHVWDWLRQV� EHFRPH� RQH� RI� WKH� PRVW� SDUDPRXQW�
HOHPHQWV�IRU�WKH�GLDJQRVLV�RI�$VVLV��7KH\�DUH�UHJDUGHG�DV�RQH�RI�WKH�HDUOLHVW�
$V� WR[LFLW\� V\PSWRPV� �7DEOH� ������)LJXUH�����SUHVHQWV� V\PSWRPV� WKDW� DUH�
UHODWHG�WR�$V�WR[LFLW\�LQ�KXPDQ�OLIH�KHDOWK�

TABLE 8.1 6NLQ�0DQLIHVWDWLRQV�DV�'LDJQRVWLF�6\PSWRPV�RI�$UVHQLF�WR[LFLW\

Condition Characteristics
Melanosis • It is the earliest and commonest.

�� 3RVW�LQIODPPDWRU\�K\SHU�SLJPHQWDWLRQ�DULVHV�DV�EURZQ�PDFXOHV�RU�
OHVLRQV��ZLWK�D�ERXQGDU\�WKDW�LV�VFDUFHO\�GHILQHG��XQHYHQ�LQ�VKDSH�
DQG�JHQHUDOO\�ZLWK�KDUGO\�DQ\�FKDQJH�LQ�VXUIDFH�

�� 7KH�PHODQRVLV�PD\�EH�GLVSHUVHG�RU�XQHYHQ��PD\�WDNH�RQ�D�PRWLI�RI�
rain-drop or leucomelanosis, and may occasionally cause mucosal 
pigmentation.

Keratosis • It is most delicate indicator at an early stage to diagnose arsenicosis.
�� 'HSHQGLQJ�RQ�WKH�GHQVLW\�DQG�VL]H�RI�NHUDWRWLF�OHVLRQV��SDSXOHV��

plaques, and nodules), keratosis may be ranked as benign, moderate, 
or serious.

3UH�PDOLJQDQW�
Malignantlesions

�� 2Q�WRS�RI�NHUDWRWLF�OHVLRQV��D�GUDPDWLF�ULVH�LQ�WKH�VL]H�RI�WKH�OHVLRQV��
EUHDNV��FUHYLFHV��DQG�LQIODPPDWLRQ�VXJJHVW�FDQFHURXV�WUDQVIRUPDWLRQ�

• Squamous cell carcinoma in situ��%RZHQ¶V�PXOWL�FHQWULF�GLVHDVH�LQ�
]RQHV�VXEMHFWHG�WR�QRQ�VXQOLJKW�

• Squamous cell carcinoma and Basal cell epithelial cancer.
Source: 6HOI�GHYHORSHG�ZLWK�LQIRUPDWLRQ�IURP�5HIV��>������@�

8.3.2 MECHANISM OF ARSENIC TOXICITY

• $V�FRPHV�LQWR�FRQWDFW�ZLWK�JURXSV�RI�WKLRO��í6+��DQG�PRGXODWHV�WKH�
RXWSXW�RI�HQHUJ\� LQ�FHOOV�� ,W� LQWHUIHUHV�ZLWK�RUGLQDU\�PHWDEROLVP�E\�
VXEVWLWXWLQJ�PHWDO� FR�IDFWRUV� OLNH� ]LQF� DQG� VHOHQLXP� LQ� WKH� KRORHQ-
]\PHV�IURP�WKHLU�ELQGLQJ�ORFDWLRQV�>��@�
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• $V�SRLVRQLQJ�HOHYDWHV�WKH�OHYHO�RI�UHDFWLYH�IUHH�UDGLFDOV�RI�R[\JHQ�DQG�
QLWURJHQ��526�DQG�UHDFWLYH�QLWURJHQ�VSHFLHV��516����viz���QLWULF�R[LGH��
superoxide, and hydroxyl radicals that cause lesions in the DNA and 
SURWHLQV��,W�DOVR�LPSHGHV�RWKHU�FHOOXODU�IXQFWLRQV�DQG�DOWHUV�FHOO�DUFKLWHF-
WXUH��PHPEUDQH�SHUPHDELOLW\��DQG�FHOO�VXUYLYDO�DQG�SUROLIHUDWLRQ�>��@�

• $V� KDV� EHHQ� REVHUYHG� WR� VZLWFK� RQ� VHYHUDO� GRZQVWUHDP� VLJQDOLQJ�
SDWKZD\V�DQG�IXUWKHU�LPSHGHV�RQ�WKH�QRUPDO�FHOOXODU�VLJQDOLQJ��UHODWHG�
WR�FHOO�JURZWK��FHOO�GLYLVLRQ�DQG�FHOO�GHDWK�>��@�

• $V� IXQFWLRQV� DV� D� SURPRWHU� RI� FDQFHUV� DQG� OHDG� WR� WXPRULJHQHVLV��
$V�LQGXFHG� WXPRULJHQHVLV� PD\� UHVXOW� IURP� WKH� VXSSUHVVLRQ� RI� WKH�
S���SDWKZD\��ZLGHO\�UHJDUGHG�DV�WKH�JXDUGLDQ�RI�WKH�JHQRPH��ZKLFK�
FXOPLQDWHV�LQWR�GHUHJXODWHG�SUROLIHUDWLRQ�>��@�

• 6FLHQWLILF�WULDOV�IRXQG�WKDW�WKHUH�LV�D�FORVH�UHODWLRQVKLS�EHWZHHQ�H[SR-
VXUH�WR�$V�DQG�HQKDQFHG�DFWLYLW\�RI�DFHW\OFKROLQH�HVWHUDVH�>��@�

FIGURE 8.4 &XWDQHRXV�V\PSWRPV�RI�DUVHQLF�WR[LFLW\�
Legend: 6HYHUH�K\SHUSLJPHQWDWLRQ��$���0LOG�NHUDWRVLV��%���6HYHUH�GRUVDO�NHUDWRVLV��&���6HYHUH�
NHUDWRVLV�RI�WKH�IHHW��'���*DQJUHQH��FDQFHU��LQ�IHHW��(���DQG�*DQJUHQH��FDQFHU��LQ�KDQGV��)��
Source: 6HOI�GHYHORSHG�EDVHG�RQ�5HI��>���@�

8.3.3 CARCINOGENESIS FROM ARSENIC

+HLDQG�KLV�FR�ZRUNHUV�>��@�UHSRUWHG�WKDW�WULYDOHQW�DUVHQLWH�LV�D�SRWHQW�PXWDJHQ�
and clastogen (an agent that causes chromosomal aberration) in mammalian 
FHOO�OLQHV��7KH\�KDYH�GHVLJQHG�DQ�DVVD\��$L assay) to determine the clastoge-
QLFLW\�>��@��$V�DQG�LWV�FRPSRXQGV�DUH�KLJKO\�WR[LF�WR�KXPDQV��$FFRUGLQJ�WR�WKH�
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,QWHUQDWLRQDO�$JHQF\�IRU�5HVHDUFK�RQ�&DQFHU��,$5&��KDV�H[SOLFLWO\�GHFODUHG�
WKDW�$V�LQIHVWHG� GULQNLQJ� ZDWHU� LV� KLJKO\� FDUFLQRJHQLF� WR� PDQNLQG� >�@��$V�
FDUFLQRJHQHVLV�LQYROYHV�JHQHWLF�FKDQJHV��LQKLELWLRQ�RI�'1$�UHSDLU��HSLJHQRPH�
FKDQJHV��DQG�VLJQDO�WUDQVGXFWLRQ��$V¶V�[HQRELRWLF�PHWDEROLVP�FDQ�SOD\�D�SDUW�
LQ� WKLV�SKDVH��7KH�ELR�WUDQVIRUPDWLRQ�RI� LQRUJDQLF�$V��9�� LQWR� LQRUJDQLF�$V�
(III) and its methylated conjugates play an important role in the genetic and 
HSLJHQHWLF�FDUFLQRJHQLFLW\�RI�$V�>������@��$V�JHQRWR[LFLW\�FDQ�EH�JHQHUDWHG�
either through direct contact with DNA or through indirect impacts resulting 
LQ� '1$� FRQILJXUDWLRQ� PLVWDNHV� �)LJXUH� ������ 7KHVH� LQGLUHFW� LPSDFWV� PD\�
LQFOXGH��PLFURQXFOHXV�IRUPDWLRQ��H[FKDQJH�RI�VLVWHU�FKURPDWLGV��RU�DEHUUDWLRQV�
RI�FKURPRVRPHV��)XUWKHUPRUH��HQ]\PHV�DUH�RIWHQ�LQKLELWHG�LQ�WKH�'1$�UHSDLU�
SDWKZD\��ZKLFK�PD\�DOVR�OHDG�WR�DQ�LQGLUHFW�JHQRWR[LF�PHFKDQLVP�>��@�

FIGURE 8.5 0HFKDQLVP�RI�DUVHQLF�WR[LFLW\�OHDGLQJ�WR�FDUFLQRJHQHVLV�
Source: 6HOI�GHYHORSHG�EDVHG�RQ�5HI��>��@�

8.4 METHODS TO MITIGATE THE ARSENIC MENACE

As has been widely regarded as a µsilent killer.¶�0LWLJDWLRQ�RI�WKH�$V�PHQDFH�
FDQ�ZDUUDQW�DQ� LQWHJUDWHG�DSSURDFK��$�PXOWLSURQJHG�VWUDWHJ\�PD\� LQYROYH�
WKH�VXSSO\LQJ�RI�$V�IUHH�ZDWHU�WR�WKH�PDVVHV�DQG�RIIHULQJ�WKHUDSHXWLF�PHDQV�
WR�WUHDW�SDWLHQWV�ZLWK�FKURQLFDOO\�H[SRVHG�$V�YLD�ZDWHU�DQG�IRRG��)LJXUH�����
DGGUHVVHV�YDULRXV�IDFWRUV�>��@�
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• 7KH� ILUVW� VWHS� WR� VROYH� WKH�$V� SUREOHP� LV� WR� LGHQWLI\� WKH� DIIHFWHG�
UHJLRQV��,QWHQVLYH�PRQLWRULQJ�RI�ZDWHU�TXDOLW\�IURP�YDULRXV�VXUIDFH�
DQG�JURXQGZDWHU�VRXUFHV�DW�GLIIHUHQW�JHRJUDSKLFDO�ORFDWLRQV�LV�D�PXVW��
7KH�LGHQWLILFDWLRQ�PXVW�EH�FRUUHODWHG�ZLWK�HSLGHPLRORJLFDO�VWXGLHV�WR�
GHYHORS�D�ELR�PRGHO�RI�WKH�SUREOHP�

• )ROORZLQJ�WKH�LGHQWLILFDWLRQ�DQG�FRQVWUXFWLRQ�RI�WKH�KLW�PDSV��HPSKDVLV�
PXVW�EH�SODFHG�RQ�XQGHUWDNLQJ�K\GUR�JHRORJLFDO�VWXGLHV�WR�HYDOXDWH�
WKH� G\QDPLF�SURFHVV� RI�$V� VHHSDJH� LQ� JURXQGZDWHU� DQG� WR� LGHQWLI\�
QHZ�ZD\V�RI�WDNLQJ�JURXQGZDWHU�WKURXJK�ZHOOV��)LJXUH����$��

• 'HOLYHU\�RI�VDIH�GULQNLQJ�ZDWHU�LQ�WKH�DIIHFWHG�DUHDV�RI�$V�IUHH�RU�$V��
7KLV�FRXOG�EH�DFFRPSOLVKHG�E\�SXULI\LQJ�VXUIDFH�ZDWHU�VXSSO\��VHWWLQJ�
XS�GHHS�ERUH�ZHOOV�RU�WXEH�ZHOOV�WR�H[WUDFW�ZDWHU�IURP�$V�VDIH�UHVHUYRLUV��
KDUYHVWLQJ�UDLQZDWHU��GRPHVWLF�RU�FRPPXQLW\��DQG�HOLPLQDWLQJ�$V�IURP�LW�

• 7R�JHQHUDWH�FRQVFLRXVQHVV�DQG�PRWLYDWLRQ�DPRQJ�WKH�LPSDFWHG�LQGLYLG-
XDOV��H[SHUWV��DQG�UHVHDUFKHUV�PXVW�FRPH�IRUZDUG��7UDLQLQJ�ZRUNVKRSV�
QHHG�WR�EH�KHOG�SHULRGLFDOO\�WR�PDNH�LQGLYLGXDOV�FRQVFLRXV�RI�WKH�ULVN�
RI�$V�DQG�WKH�RSSRUWXQLWLHV�IRU�$V�DYRLGDQFH��)LJXUHV����%�DQG����&��

• %LRFKHPLFDO� WUDQVIRUPDWLRQ� RI� LQRUJDQLF�$V�� XVLQJ� FHUWDLQ� VXOIDWH�
UHGXFLQJ�EDFWHULD�DQG�IXQJDO�VSHFLHV��FDQ�FRQYHUW�WKHP�LQWR�D�UHODWLYHO\�
QRQ�WR[LF�IRUP��)RU�LQVWDQFH��PLFURELDO�PHWK\ODWLRQ�RI�$V�UHGXFHV�LW�
IURP�$V��9��WR�$V��,,,���ZKLFK�LQ�WXUQ�LV�PHWK\ODWHG�WR�GLPHWK\ODUVLQH�
E\�FRHQ]\PH�6�DGHQRV\OPHWKLRQLQH��6$0��>��@�

• /DVW�� UHVHDUFK� PXVW� IRFXV� RQ� PHWKRGV� WR� WUHDW� WKH� SDWLHQWV� DQG� WR�
GHYHORS�FOLQLFDO�PRGDOLWLHV�WR�FXUH�$V�LQGXFHG�FDQFHUV�

8.4.1 THERAPY FOR ARSENIC TOXICITY

&XUUHQW�WKHUDSHXWLF�DSSURDFK�DJDLQVW�$V�WR[LFLW\�LQYROYHV�WKH�XVH�RI�D�FKHODWLQJ�
agent. Chelation can be described as a metal ion being incorporated in a hetero-
F\FOLF�ULQJ�IUDPHZRUN��7KLV�WUHDWPHQW�FRQWULEXWHV�WR�D�FRRUGLQDWLQJ�FRPSRXQG�
WKDW�FRQQHFWV�PRUH�KHDYLO\�WR[LF�PHWDO�LRQV�WKDQ�FHOOXODU�PDFURPROHFXOHV�DQG�
H[FUHWHV� WKH� FRPSOH[� >��@�� 6RPH� VLJQLILFDQW� IHDWXUHV� VKRXOG� EH� WKH� SHUIHFW�
FKHODWLQJ�DJHQW�IRU�FOLQLFDO�XVH�LQ�WKH�WUHDWPHQW�RI�PHWDO�LRQ�SRLVRQLQJ��>��@

• ,W�VKRXOG�EH�ZDWHU�VROXEOH�
• ,W�PXVW�EH�UHVLVWDQW�WR�PHWDEROLVP�
• ,W�PXVW�EH�DFFHVVLEOH�DW�WKH�VLWH�RI�$V�DFFXPXODWLRQ�
• ,W�PXVW�EH�DEOH�WR�GLVSODFH�$V�IURP�ELRORJLFDO�FDUULHUV�
• ,W�VKRXOG�IRUP�QRQ�WR[LF�FRPSOH[HV�ZLWK�PHWDO�
• 7KH�$V�FKHODWLQJ�DJHQW�FRPSOH[�PXVW�EH�UHDGLO\�H[FUHWDEOH�
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&RPPRQ� FKHODWLQJ� DJHQWV� DJDLQVW� $V� SRLVRQLQJ� DUH�� ����GLPHUFDSURO�
�%ULWLVK�$QWL�/HZLVLWH��%$/���0HVR�����GLPHUFDSWRVXFFLQLF�DFLG��'06$���
Monoisoamyl DMSA (MiADMSA), Sodium 2,3-dimercaptopropane-
��VXOIRQDWH��'036���$OO�WKHVH�DUH�OLQNHG�WR�WR[LFLW\�DQG�VLGH�H൵HFWV��ZKLFK�
DUH�H[WUHPHO\�ZDUUDQWHG�E\�VDIH�WUHDWPHQW�WHFKQLTXHV�

8.5 PHYTOTHERAPY: PREVENTIVE AND CURATIVE HERBAL 
APPROACH

3ODQWV�DUH�D�ULFK�VRXUFH�RI�QDWXUDO�RUJDQLF�FRPSRXQGV�ZLWK�YDULRXV�ELRORJLFDO�
DFWLYLWLHV�� ZKLFK� KDYH� RIIHUHG� PHGLFLQDO� EHQHILWV� IRU� FHQWXULHV� >��@�� ,W� LV�
HVWLPDWHG� WKDW� QHDUO\� D� ZKRSSLQJ� ���� RI� WKH� ZRUOG¶V� SRSXODWLRQ� WKURZ�
WKHLU� WUXVW� LQ� WUDGLWLRQDO�PHGLFLQHV� DV� WKH� ILUVW� OLQH�RI�PHGLFDWLRQ��'HVSLWH�
WKHLU�FXOWXUDO�VLJQLILFDQFH��RQO\�DERXW����RI�WKH�PHGLFLQDO�SODQWV�KDYH�EHHQ�
VWXGLHG�IRU�WKHLU�ELRORJLFDO�DFWLYLWLHV�>��@�

3K\WRWKHUDS\�LV�UHODWHG�WR�UHVHDUFK�H൵RUWV�RQ�WKH�XVH�RI�QDWXUDO�H[WUDFWV�
DV�SDOOLDWLYH�DQG�FXUDWLYH�PHGLFLQDO�SURGXFWV�DQG�RU�DGDSWRJHQLF�DJHQWV�>��@��
3K\WRWKHUDS\�UHSUHVHQWV�D�SUDJPDWLF�DSSURDFK�RI�HQJDJLQJ�HYLGHQFH�EDVHG�
remedies and the emerging research-related practice model in biomedicine. 
+ROLVWLF�SK\WRWKHUDS\�VHHNV�WR�H[SORLW�WKH�KHDOLQJ�SRWHQWLDO�RI�SODQW�GHULYHG�
compounds as a potent therapeutic modality.

5HVHDUFKHUV� DUH� QRZ� IRFXVLQJ� RQ� QDWXUDO� DQWLR[LGDQW�FRQWDLQLQJ� SODQW�
SURGXFWV�DV�D�PHDQV�RI�WDFNOLQJ�$V�SRLVRQLQJ��&RPSDUHG�WR�V\QWKHWLF�GUXJV��
SODQW�GHULYHG�QDWXUDO�FRPSRXQGV�R൵HU�VRPH�DGGHG�EHQH¿WV��VXFK�DV��WKH\�DUH�
QRQ�WR[LF��PXFK�PRUH�FRQYLQFLQJ�WR�WKH�SXEOLF��FRPPRQO\�DFFHVVLEOH��DQG�
UHODWLYHO\�FKHDS��2ZLQJ�WR�WKHLU�DQWLR[LGDQW��DQWL�WXPRULJHQLF��KHDOLQJ��DQG�
FKHODWLQJ�FKDUDFWHULVWLFV��YDULRXV�SK\WRFKHPLFDOV�DUH�QRZ�EHLQJ�VXJJHVWHG�
WR�KDYH�UHPHGLDO�SRWHQWLDO�DJDLQVW�$V�WR[LFLW\��&DQFHU�FKHPRSUHYHQWLRQ�ZLWK�
KHUEDO�SK\WRFKHPLFDOV�LV�DQ�HYROYLQJ�DSSURDFK�IRU�FDQFHU�SUHYHQWLRQ��GHOD\�
RU�FXUH�FDQFHU�>�@�

8.5.1 CHEMOPREVENTION

&DQFHU�FKHPRSUHYHQWLRQ�LV�D�PHFKDQLVP�RI�FDQFHU�FRQWURO�ZKHUHLQ�RQH�RU�
PRUH�YLWDPLQV��GLHWDU\�VXSSOHPHQWV��DQG�PHGLFDWLRQ�SUHYHQW�WKH�RQVHW�RI�WKLV�
GLVHDVH��3UHYHQWLRQ�LV�WKH�PRVW�GHVLUDEOH�ZD\�WR�HUDGLFDWH�WKH�HIIHFW�RI�FDQFHU�
RQ� KXPDQV�� )LJXUH� ���� VKRZV� WKH� SURFHVVHV�� ZKHUH� WKH� FKHPRSUHYHQWLYH�
DJHQWV�DFW�WR�VXSSUHVV�WKH�GHYHORSPHQW�RI�FDQFHU��7R�DFKLHYH�WKLV�JRDO��WKH�
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ILUVW�VHW�RI�VWUDWHJLHV�LV�WR�HOLPLQDWH�SUHGLVSRVLQJ�IDFWRUV��7KH�GHWHUPLQDQWV�
RI� WKH�PDMRULW\�RI�KXPDQ�FDQFHUV�VWLOO�DUH�XQFHUWDLQ��:KHQ�FDUFLQRJHQHVLV�
LV�LQLWLDWHG��FKHPRSUHYHQWLRQ�ZRXOG�LQYROYH�WKH�LQKLELWLRQ�RI�WKH�QHRSODVWLF�
PLFURHYROXWLRQ�SURFHVV�>������@��&KHPRSUHYHQWLRQ�FDQ�EH�SUDFWLFHG�WKURXJK�
WKH�IROORZLQJ�WKUHH�PHWKRGV�

• Primary Chemoprevention: 8VLQJ�D�PHGLFDWLRQ��YLWDPLQ��RU�VXSSOH-
PHQW�WR�SUHYHQW�FDQFHU�LQ�D�KHDOWK\�SHUVRQ�

• Secondary Chemoprevention: 8VLQJ� D� PHGLFDWLRQ�� YLWDPLQ�� RU�
VXSSOHPHQW�WR�SUHYHQW�D�SUH�FDQFHURXV�DUHD�IURP�EHFRPLQJ�FDQFHU�

• Tertiary Chemoprevention:�8VLQJ�D�PHGLFDWLRQ��YLWDPLQ��RU�VXSSOH-
PHQW�LQ�D�SHUVRQ�ZKR�KDV�DOUHDG\�KDG�FDQFHU��WR�SUHYHQW�WKHP�IURP�
GHYHORSLQJ�DQRWKHU�FDQFHU�>��@�

7KH�FKDUDFWHULVWLFV�RI�DQ�LGHDO�FKHPRSUHYHQWLRQ�DJHQW�DUH�

• 7KH�DJHQW�GRHV�QRW�FDXVH�ERWKHUVRPH�VLGH�HIIHFWV�WKDW�PLJKW�DIIHFW�WKH�
TXDOLW\�RI�OLIH�

• 7KH�DJHQW�VKRXOG�EH�LQH[SHQVLYH�DQG�HDVLO\�DYDLODEOH�
• ,W�VKRXOG�EH�QRQ�WR[LF�DQG�VDIH�WR�FRQVXPH�SXUHO\�DV�D�SURSK\ODFWLF�

PHDVXUH�
• ,W�VKRXOG�EH�SRWHQW�WR�SUHYHQW�FDQFHU�ZLWK�D�ORZ�GRVDJH�DQG�LWV�PHFKD-

QLVP�RI�DFWLRQ�VKRXOG�EH�ZHOO�VWXGLHG�>��@�

FIGURE 8.7 $SSOLFDWLRQ�RI�FKHPRSUHYHQWLRQ�LQ�GLIIHUHQW�VWDJHV�RI�FDQFHU�
Source: 6HOI�GHYHORSHG�EDVHG�RQ�5HI��>��@�

8.5.2 TRADITIONAL MEDICINAL SYSTEMS

7UDGLWLRQDO� PHGLFLQH� UHIHUV� WR� FRPSOHPHQWDU\� RU� DOWHUQDWLYH� PHGLFLQH� LQ�
PDQ\�VRFLHWLHV�>��@��+HUEDO�WUHDWPHQWV��WKDW�LV��UXGLPHQWDU\�IRUPV�RI�SK\WR-
WKHUDS\��DUH�WKH�PRVW�SRSXODU�IRUP�RI�WUDGLWLRQDO�PHGLFLQH�
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8.5.2.1 THE INDIAN AYURVEDIC SYSTEM

7KH�$\XUYHGD�SURYLGHV�DQ�RULHQWDWLRQ�WR�WKH�SURWHFWLRQ�DQG�PDQDJHPHQW�RI�
YDULRXV�LOOQHVVHV�E\�PHGLFLQDO�SURGXFWV�IURP�ZKROH�SODQW�RU�FRPSRQHQWV�RI�
WKH�SODQW��$FFRUGLQJ�WR�WKH�$\XUYHGD�SULQFLSOH��YDULRXV�SODQW�SURGXFWV�KDYH�
WKH�SRWHQWLDO�IRU�KHDOWK�EHQHILWV��,QWHUQDWLRQDO�RUJDQL]DWLRQV��VXFK�DV��:+2��
8QLWHG�1DWLRQV�,QWHUQDWLRQDO�&KLOGUHQ¶V�(PHUJHQF\�)XQG��81,&()���8QLWHG�
6WDWHV�$JHQF\�IRU�,QWHUQDWLRQDO�'HYHORSPHQW��86$,'���KDYH�SURPRWHG�WKH�
XVH� RI�$\XUYHGD� LQ�PHGLFDO� UHVHDUFK��9DULRXV� VXFK� ERWDQLFDO� SURGXFWV� RU�
SK\WRPHGLFLQHV�KDYH�EHHQ�XVHG�WR�PDLQWDLQ�RU�DXJPHQW�KHDOWK�>��@�

Rasayana��6DQVNULW��UDVD�HVVHQFH��$\DQD�JRLQJ��LQYROYHV�WKH�DFTXLVLWLRQ�
RI�QXWULWLRQ��LWV�FLUFXODWLRQ��DEVRUSWLRQ��DQG�DVVLPLODWLRQ�LQ�WKH�ERG\�WLVVXHV��
7KH�PHGLFLQDO�SURSHUWLHV�RI�WKHVH�SK\WRFKHPLFDO�GUXJV�KDYH�EHHQ�GRFXPHQWHG�
E\�WKH�$\XUYHGLF�SUDFWLWLRQHUV�DQG�KDYH�EHHQ�XVHG�IRU�FHQWXULHV�WR�FXUH�LOOQHVV�
RU�DV�DGDSWRJHQLF�VXEVWDQFHV��$FWLYH�SULQFLSOHV�WKDW�ZHUH�H[WUDFWHG�IURP�WKH�
SODQWV� �VXFK� DV�� ÀDYRQRLGV�� OLJQDQV�� DONDORLGV�� ELVEHQ]\OV�� FRXPDULQV�� DQG�
WHUSHQHV��KDYH�DQWL�R[LGDQW�SURSHUWLHV��$\XUYHGD� LV�QRW�PHUHO\�D�FROOHFWLRQ�
RI�DQFLHQW�DOFKHP\�EXW�D�FRPSUHKHQVLYH�IUDPHZRUN�WKDW�YLYLGO\�GH¿QHV�WKH�
V\PSWRPV�RI�VLFNQHVV�DQG�FRQQRWHV�WKHP�ZLWK�D�KHDOLQJ�SUDFWLFH�>��@�

8.5.2.2 THE TRADITIONAL CHINESE SYSTEM

7UDGLWLRQDO�&KLQHVH�PHGLFDO��7&0��SUDFWLWLRQHUV�UHVRUW�WR�KHUEDO�GUXJV�DQG�
GLIIHUHQW� SV\FKRORJLFDO� DQG� ERG\� SUDFWLFHV� �VXFK� DV�� DFXSXQFWXUH�� DQG� tai 
chi�� WR� FXUH� RU� SUHYHQW� KHDOWK� LVVXHV��7KH� DQFLHQW�&KLQHVH� HPSHURU�� 6KHQ�
1XQJ��LV�FUHGLWHG�IRU�WKH�FRPSLODWLRQ�RI�WKH�ILUVW�PHGLFLQDO�KHUEDO�OLWHUDWXUH��
Pentsao�LQ������%�&��>��@�

8.6 HERBS AND PHYTOCHEMICALS AGAINST ARSENIC-
INDUCED CANCERS

0DQ\�RI�WKH�DYDLODEOH�GUXJV�IRU�KHDY\�PHWDO�SRLVRQLQJ�DUH�EHLQJ�DFFHSWHG�
E\� SDWLHQWV� GXH� WR� WKHLU� KXJH� VLGH� HIIHFWV�� ,Q� FRQWHPSRUDU\� WLPHV�� SODQW�
GHULYHG�SURGXFWV�KDYH�JDLQHG�LQFUHDVLQJ�LQWHUHVW�WR�FRPEDW�DUVHQLF�WR[LFLW\�
DQG�$V�LQGXFHG� FDQFHU� EHFDXVH� RI� WKHLU� VDIH�� QRQ�WR[LF�� DQG� HIILFDFLRXV�
DQWL�R[LGDWLYH� DQG� FKHODWLQJ� SURSHUWLHV� >�@�� 1DWXUDO� UHVRXUFH� DQWLR[LGDQW�
SULQFLSOHV�SURYLGH�WUHPHQGRXV�VFRSH�IRU�FRUUHFWLQJ�WKH�ERG\¶V�SUR�R[LGDQW�
and antioxidant status imbalance.
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7KHUH� LV� DQ� HVWDEOLVKHG�SRVLWLYH� FRUUHODWLRQ�DPRQJ�GLHWDU\� VXSSOHPHQ-
WDWLRQ�ZLWK�YDULRXV�YHJHWDEOHV�DQG�SODQW�FRPSRQHQWV�DQG� WKH� UHGXFWLRQ�RI�
JHQRWR[LF�DQG�FDUFLQRJHQLF�H൵HFWV�RI�YDULRXV�HQYLURQPHQWDO�FRQWDPLQDQWV��
VXFK�DV�KHDY\�PHWDOV�DQG�$V��1DWXUDO�DQWLR[LGDQWV�DUH�IRXQG�PRVWO\�LQ�KHUEV�
DQG�SDUWV�RI�WKH�SODQW�OLNH�ZRRG��OHDYHV��EDUN��URRWV��SRGV��HWF��6RPH�W\SLFDO�
QDWXUDO�DQWLR[LGDQWV�DUH��YLWDPLQV��SKHQROLF�FRPSRXQGV��FDURWHQH��TXHUFHWLQ��
FLQQDPLF� DFLG�� ÀDYRQRLGV�� DQG� SHSWLGHV� >��@�� ,Q� LQVWDQFHV� RI�$V�LQGXFHG�
FDQFHU��UHVHDUFK�VWXGLHV�OHDG�XV�WR�IRFXV�RQ�WKH�QDWXUDO�DQWLR[LGDQWV�WR�UHFWLI\�
YLWLDWHG�KRPHRVWDVLV��7KH� UDQJH�RI� VWXGLHV� KDV�\LHOGHG�YDOXDEOH�RXWFRPHV�
FDXVLQJ�D�JURZLQJ�LQWHUHVW�LQ�WKH�XVH�RI�KHUEDO�H[WUDFWV�WR�WDFNOH�WKH�SUREOHP�
RI�$V�WR[LFLW\�>�@�

8.6.1 BASIL (OCIMUM SANCTUM)

Ocimum sanctum (or Ocimum tenuiflorum��FRPPRQO\�FDOOHG�7XOVL�LQ�,QGLD��
LV� D� ZHOO�NQRZQ� DURPDWLF� PHGLFLQDO� SODQW� >��@�� (XJHQRO�� SUHVHQW� LQ� WKH�
OHDYHV��LV�D�QDWXUDO�DQWLR[LGDQW�DV�DQ�HIILFLHQW�LQKLELWRU�RI�OLSLG�SHUR[LGDWLRQ�
>��@��7KH�HVVHQWLDO�RLO�RI�O. sanctum KDV�DQWLEDFWHULDO��DQWL�IXQJDO��LPPXQR�
stimulatory, anti-carcinogenic, anti-diabetic properties and protects against 
UDGLRDFWLYH�GDPDJH��7XOVL�DOVR�SRVVHVVHV�DQWL�LQIODPPDWRU\�DQG�DQWLR[LGDQW�
SURSHUWLHV��2QH�RI�WKH�PHFKDQLVPV�E\�ZKLFK�WXOVL�FRQIHUV�SURWHFWLRQ�DJDLQVW�
FHOOXODU�GDPDJH�LV�YLD�VFDYHQJLQJ�RI�IUHH�UDGLFDOV�>��@�

6KDUPLOD�%DQX� HW� DO�� >��@� UHSRUWHG�SURWHFWLYH� H൵HFWV� RI�O. sanctum at 
D� GRVH� RI� ����PJ� NJ±�� SHU� GD\� LQ� UDWV� DIWHU� FKURQLF� H[SRVXUH� WR�$V� �,,,���
$V� LQWR[LFDWLRQ� LQKLELWHG� WKH� HQ]\PDWLF� DFWLRQ� RI� į�DPLQROHYXOLQLF� DFLG�
GHK\GUDWDVH��$/$'���GHFUHDVHG�WKH�JOXWDWKLRQH�OHYHOV��DQG�DXJPHQWHG�WKH�
IUHH�R[\JHQ�UDGLFDOV�LQ�WKH�EORRG��7KHVH�ZHUH�UHYHUVHG�LQ�FDVH�RI�7XOVL�OHDI�
H[WUDFW��7KH�GUXJ�VKRZHG�D�VLJQL¿FDQW�UHYHUVDO�RI�R[LGDWLYH�VWUHVV�SDUDPHWHUV�
DQG�D�PDUJLQDOO\�VLJQL¿FDQW�ORZHULQJ�RI�$V�WLWHU�LQ�WKH�EORRG�DQG�PHWDEROLF�
RUJDQV� LQ� WKH� ERG\��7KH\� UHFRPPHQGHG� WKH� XVH� RI�7XOVL� DORQJ�ZLWK� WKLRO�
FKHODWRU�DV�DGMXYDQW�WKHUDS\�

8.6.2 ALOE VERA

Aloe vera (also known as the Aloe or Ghritakumari medicinal plant) is 
D�VXFFXOHQW�SODQW� WKDW� LV�FRPPRQO\�JURZQ� LQ�$VLD��1RUWK�$IULFD�DQG�RWKHU�
ELRJHRJUDSKLFDOO\�WURSLFDO�DUHDV�>��@��/DERUDWRU\�VWXGLHV�KDYH�VKRZQ�WKDW�Aloe 
vera SRVVHVVHV�DQWL�XOFHU��DQWL�GLDEHWLF��LPPXQRVWLPXODQW��DQWL�LQIODPPDWRU\��
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DQWLYLUDO�� DQWL�PLFURELDO�� DQWLEDFWHULDO�� DQWL�WXPRU�� DQWL�R[LGDQW�� DQG� 526�
VFDYHQJLQJ�DFWLYLWLHV�>��@�

)ORUD� DQG� KLV� FR�ZRUNHUV� >��@� LQYHVWLJDWHG� WKH� SUHYHQWLYH� SRWHQWLDO� RI�
Aloe vera against As-mediated lethality in rats and their outcomes suggest 
WKDW�WKH�FRQFRPLWDQW�DSSOLFDWLRQ�RI�Aloe vera�ZLWK�$V��,,,��DYRLGV�$V�LQÀLFWHG�
R[LGDWLYH�GDPDJH��+RZHYHU��LW�GRHV�QRW�KDYH�DQ\�VLJQL¿FDQW�LPSDFW�RQ�EORRG�
DQG�VRIW�WLVVXH�$V�FRQFHQWUDWLRQ��7KHUH�ZDV�LQKLELWLRQ�RI�WKH�HQ]\PH�DFWLYLW\�
RI�$/$'�� D� VOLJKW� GHFOLQH� LQ� JOXWDWKLRQH� DQG� DQ� LQFUHDVH� LQ� EORRG� ]LQF�
SURWRSRUSK\ULQ��/HXNRF\WH�OHYHOV�ZHUH�OHVVHU�ZKLOH�PRVW�RI�WKH�RWKHU�EORRG�
SDUDPHWHUV�VWD\HG�XQFKDQJHG�DIWHU�$V�SRLVRQLQJ�

6LPXOWDQHRXV�DGPLQLVWUDWLRQ�RI�Aloe vera�KDG�JUHDW�SURWHFWLYH�DFWLRQ�RQ�
EORRG� GHK\GUDWDVH� DFWLYLW\� LQKLELWHG� E\� į�DPLQROHYXOLQLF� DFLG� DQG� KHOSHG�
UHVWRUH� WKH�DPRXQW�RI�EORRG�JOXWDWKLRQH��$OWKRXJK� WKH� VLJQV�RI�526�VFDY-
HQJLQJ�ZHUH�HYLGHQW��\HW�WKHUH�ZDV�QRW�PXFK�H൵HFW�RQ�$V�WLWHU�LQ�EORRG�DQG�
OLYHU��3URWHFWLRQ�ZDV�VKRZQ�E\�PRVW�RI�WKH�KHSDWLF�ELRFKHPLFDO�SDUDPHWHUV�
WKDW�LQGLFDWH�526�VWUHVV��7KHUH�ZHUH�DOVR�QR�VLJQL¿FDQW�FKDQJHV�LQ�WKH�UHQDO�
ELRPDUNHUV�RI�$V�WR[LFLW\��7KH�UHVHDUFK��WKHUHIRUH��SURSRVHG�WKDW�Aloe vera 
KDG�YHU\� UHVWULFWHG�SUHYHQWLYH� LPSDFWV�RQ�$V� WR[LFLW\� >��@��(YHQ� WKRXJK� LW�
VKRZHG�VRPH�SURWHFWLRQ�WR�$V�WR[LFLW\�E\�YLUWXH�RI�LWV�DQWL�R[LGDQW�SURSHUWLHV��
\HW�LW�GRHV�QRW�VXSSRUW�$V�FOHDUDQFH�IURP�WKH�ERG\��7KXV��IXUWKHU�LQYHVWLJDWLRQ�
VKRXOG�EH�GLUHFWHG�WRZDUGV�WKH�XVH�RI�Aloe vera DV�D�FDQGLGDWH�IRU�DGMXYDQW�

0RUH�UHFHQWO\��=RGDSH�>���@�DWWHPSWHG�WR�XQGHUVWDQG�WKH�UROH�RI�Aloe vera 
MXLFH�RQ�$V�LQGXFHG�WR[LFLW\�RQ�5RKX�¿VK��Labeo rohita��DQG�HVWDEOLVKHG�H൵HF-
WLYH�KHSDWR�SURWHFWLYH�DQG�WLVVXH�SURWHFWLYH�SURSHUWLHV�RI�Aloe vera against As 
WR[LFLW\��)LQJHUOLQJV�ZHUH�VXEMHFWHG�WR�VXE�OHWKDO�FRQFHQWUDWLRQ�RI�D�PL[WXUH�
RI�$V�DQG�Aloe vera�MXLFH��7KH�KHSDWLF�DQG�PXVFXODU�WLVVXHV�VKRZHG�D�VLJQL¿-
FDQW�H൵HFW� LQ�GHFUHDVLQJ� WKH�HQ]\PH�DFWLYLWLHV�� OLNH�JOXWDPDWH�R[DORDFHWDWH�
WUDQVDPLQDVH��JOXWDPDWH�S\UXYDWH�WUDQVDPLQDVH��DFLG�SKRVSKDWDVH��DQG�DOND-
OLQH�SKRVSKDWDVH��7RWDO�SURWHLQ��OLSLGV��DQG�JO\FRJHQ�OHYHOV�ZHUH�UHGXFHG�DQG�
WKHUH�ZDV�DQ�LQFUHDVH�LQ�SURWHDVH�DQG�IUHH�DPLQR�DFLG�OHYHOV�

8.6.3 GARLIC (ALLIUM SATIVUM)

Allium sativum�/��SRVVHVVHV�526�VFDYHQJLQJ�SURSHUW\� >������@��5HFHQWO\��
)ORUD� HW� DO�� >��@� UHSRUWHG�$V�LQGXFHG�KHSDWLF�PDQLIHVWDWLRQV�PHGLDWHG� YLD�
JHQHUDWLRQ� RI� 526�� FDXVLQJ� DSRSWRVLV� WKURXJK� PLWRFKRQGULD�PHGLDWHG�
SDWKZD\V��7KHVH�ILQGLQJV�DQG�WKH�DVVRFLDWHG�HWLRORJ\�DOVR�LQGLFDWHG�WKDW�WKH�
DGPLQLVWUDWLRQ�RI�DTXHRXV�H[WUDFW�RI�Allium sativum SUHYHQWHG�$V�SRLVRQLQJ�
E\�UHGXFLQJ�$V�D�EXUGHQ��R[LGDWLYH�VWUHVV�DQG�KHSDWLF�DSRSWRVLV�LQ�PLFH�
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8.6.4 ZINGER (ZINGIBER OFFICINALE) AND TURMERIC 
(CURCUMA LONGA)

Zingiber officinale�LV�D�KHUEDFHRXV�SHUHQQLDO�SODQW�>��@�WKDW�RULJLQDWHG�IURP�
Island Southeast Asia. It was mainly grown in southern India and it was also 
carried by traders into the Middle East and the Mediterranean.

Curcuma longa�LV�RQH�RI�WKH�ROGHVW�FXOWLYDWHG�VSLFH�SODQWV�LQ�WKH�VRXWK�
HDVW�$VLDQ�FRXQWULHV�>��@��7KH�SODQW�LV�D�SHUHQQLDO��UKL]RPDWRXV��KHUEDFHRXV�
SODQW�WKDW�LV�ULFK�LQ�WKH�SK\WRFKHPLFDO�&XUFXPLQ�>��@�

6HYHUDO�KHUEV�VXFK�DV�Shunthi (dried ginger root) and Haridra (turmeric) 
DUH�XVHG�IRU�$V�SRLVRQLQJ�PDQDJHPHQW�LQ�$\XUYHGD�>�@��,W�KDV�EHHQ�GHVFULEHG�
DV�D�VWLPXODQW��DQDOJHVLF��DSSHWL]HU��DQWL�ÀDWXOHQW��DQWLPLFURELDO��K\SROLSLG-
HPLF��DQG�DQWL�R[LGDQW�>��@�

%LVZDV�HW�DO��>�@�DWWHPSWHG�WR�LGHQWLI\�LI�WKH�DSSOLFDWLRQ�RI�WXUPHULF�DQG�
JLQJHU�SRZGHU�DEHW�H[SHULPHQWDOO\�LQGXFHG�$V�WR[LFLW\�LQ�FDOYHV�DQG�IRXQG�
WKDW� WKH�VSLFH�ZDV�VLJQL¿FDQWO\�H൵HFWLYH� LQ�HOLPLQDWLQJ�$V� IURP� WKH�ERG\��
*LQJHU�DQG�WXUPHULF�DOVR�SURWHFW�DJDLQVW�SRWHQWLDO�KDUP�IURP�$V�H[SRVXUH��
)RU����GD\V��WKH�FDOYHV�ZHUH�JLYHQ�RUDOO\�ZLWK�VRGLXP�DUVHQLWH��1D$V22) at 
one mg kg body weight±� per day. From 46th day onwards, 10 mg kg body 
weight±��SHU�GD\�ZDV�SHUIRUPHG�RUDOO\�ZLWK�JLQJHU�DQG�WXUPHULF�SRZGHU��7KH�
$V�FRQWHQW�ZDV�HVWLPDWHG�HYHU\����GD\V� LQ� IHFHV��KDLU��XULQH��DQG�SODVPD��
DV�ZHOO�DV�GL൵HUHQW�ELRFKHPLFDO��KHPDWRORJLFDO��DQG�DQWLR[LGDQW�SDUDPHWHUV��
Plasma and hair As concentrations were considerably decreased by ginger 
SRZGHU�WKURXJK�HQKDQFHG�H[FUHWLRQ�WKURXJK�IHFHV��DQG�XULQH��7KH�DPRXQW�
RI� KHPRJORELQ�� HU\WKURF\WH�� DQG� OHXFRF\WH� FRXQWV�ZHUH� DOVR� UHGXFHG�� EXW�
these were considerably enhanced in communities treated with turmeric and 
JLQJHU�DIWHU���th day. In experimental groups, blood urea nitrogen and plasma 
FUHDWLQLQH� ZHUH� DOVR� UHGXFHG� FRQVLGHUDEO\� UHODWLYH� WR� WKH� SODFHER� JURXS�
IURP����GD\V�RQZDUGV��$IWHU�WUHDWLQJ�LQGLYLGXDOV�ZLWK�JLQJHU�DQG�WXUPHULF��
WKH� VXSHUR[LGH� GLVPXWDVH� �62'�� DQG� FDWDODVH� DFWLYLW\� ZHUH� FRQVLGHUDEO\�
UHVWRUHG��7KXV��WKH�SK\WRWKHUDSHXWLF�RSWLRQ�RI�FKURQLF�$V�DPHOLRUDWLRQ�FRXOG�
be ginger and turmeric.

8.6.5 TEA (CAMELLIA SINENSIS)

Camellia sinensis LV�XVHG�WR�PDNH�SRSXODU�EHYHUDJHV��OLNH�WHDV�DQG�WHD�LQIX-
VLRQV��7HD�KDV�WZR�SULQFLSDO�YDULHWLHV��QDPHO\��C. sinensis�YDU��assamica and 
C. sinensis�YDU��sinensis. :KLOH�WKH�$VVDPHVH�YDULHW\�RI�WHD�ZLWK�ODUJH�OHDYHV�
LV�HQGHPLF�WR�WKH�$VVDPHVH�EHOW��WKH�VLQHQVLV�YDULHW\�RI�WHD�ZLWK�VKRUW�OHDYHV�LV�
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JURZQ�LQ�WKH�6LQR�7LEHWDQ�UHJLRQ�>��@��7HD�KDV�DEXQGDQW�ELRDFWLYH�FRPSRXQGV��
VXFK�DV��DONDORLGV��DPLQR�DFLGV��DQG�IODYRQROV��$�GLYHUVH�JURXS�RI�FRPSRXQGV�
�VXFK� DV�� FDWHFKLQV�� WKHDIODYLQV�� HSLFDWHFKLQ�� HSLJDOORFDWHFKLQ�� HSLFDWHFKLQ�
JDOODWH��HSLJDOORFDWHFKLQ���JDOODWH��HWF����DUH�IRXQG�LQ�OHDYHV�RI�C. sinensis and 
WKHVH�KDYH�DQWLR[LGDQW��DQWLFDQFHU��DQG�DQWL�LQIODPPDWRU\�SRWHQWLDOV�>��@�

6LQKD�HW�DO��>��@�FRQFOXGHG�WKDW�H[WUDFWV�RI�JUHHQ�DQG�EODFN�WHD�YDULHWLHV��
DV�ZHOO�DV�WKHLU�SULQFLSDO�SRO\SKHQROV��H�J����±��HSLJDOORFDWHFKLQ�JDOODWH�DQG�
WKHDÀDYLQ��H൵HFWLYHO\�PLWLJDWHG�WKH�F\WRWR[LF�LPSDFWV�RI�$V�FRPSRXQGV�in 
vitro. 7KH�VWXG\�ZDV�UHOHYDQW�LQ�QRW�RQO\�SURYLQJ�WKH�WKHUDSHXWLF�SRWHQWLDO�
YDOXH�RI�WHD�SK\WRFKHPLFDOV�EXW�DOVR�VWUHVVLQJ�RQ�WKH�XVHIXOQHVV�RI�WHD�LQWDNH�
WR�SUHYHQW�DGYHUVH�H൵HFWV�RI�H[SRVXUH�WR�$V�LQ�GHYHORSLQJ�FRXQWULHV��VXFK�DV��
Bangladesh.

8.6.6 MORINGA (MORINGA OLEIFERA)

Moringa oleifera�LV�IRXQG�LQ�WKH�+LPDOD\DV��$IULFDQ��DQG�$UDELDQ�FRXQWULHV�
>��@��7KH�OHDYHV�RI�Moringa�DUH�NQRZQ�WR�KDYH�HOHYDWHG�SURWHLQ��PLQHUDO��
DQG�YLWDPLQ�FRQWHQW��DQG�VXOIXU�FRQWDLQLQJ�DPLQR�DFLGV��VXFK�DV��PHWKLR-
QLQH�DQG�F\VWHLQH��>��@��+LJK�OHYHOV�RI�HVVHQWLDO�DPLQR�DFLGV��PLQHUDO�LRQV�
DQG� YLWDPLQV� PDNH�Moringa� DQ� DSSURSULDWH� GLHWDU\� DGGLWLYH�� 7DNLQJ� LWV�
OHDYHV��QHZ�RU�GULHG�SRZGHU��UHJXODUO\�FDQ�KHOS�LQ�DYRLGLQJ�DQHPLD�DQG�
PDOQXWULWLRQ�>��@�

Moringa has been documented to possess antidiabetic, anti-gastric ulcers, 
DQWLWXPRU�� DQWLPLFURELDO�� DQWLR[LGDQW� SURSHUWLHV�� DQG� LW� R൵HUV� SURWHFWLRQ� IURP�
UDGLDWLRQ� DQG� FRQWUROV� KLJK� EORRG� SUHVVXUH�� ,WV� URRWV� DUH� XVHIXO� LQ� K\VWHULD��
ÀDWXOHQFH��DQG�HSLOHSV\��7KH�OHDYHV��ÀRZHUV��URRWV��IUXLWV��DQG�SRGV�DUH�XVHG�IRU�
WKH�WKHUDS\�RI�DVFLWHV��UKHXPDWLVP��YHQRPRXV�ELWHV��LQÀDPPDWLRQ��OLYHU�GLVHDVH��
FDQFHU��DQG�SXOPRQDU\��KHPDWRORJLFDO��DQG�UHQDO�G\VIXQFWLRQ��7KH�EHQH¿WV�RI�
XVLQJ�WKLV�SODQW�DUH��QR�VLGH�H൵HFWV��ZLGH�DYDLODELOLW\��DQG�FRVW�H൵HFWLYHQHVV�>��@�

7KH�M. oleifera seed powder has coagulating property that has been used 
IRU� PXOWLSOH� HOHPHQWV� RI� ZDWHU� SXUL¿FDWLRQ�� LQFOXGLQJ� WXUELGLW\� GHFUHDVH��
DONDOLQLW\�� DQG� KDUGQHVV� FKHFN�� DQG� HVWLPDWLRQ� RI� WRWDO� GLVVROYHG� VROLGV�
�7'6���6RPH� LQYHVWLJDWLRQV�KDYH�DOVR�VKRZQ�ELRVRUSWLRQ�EHKDYLRU� IRU� WKH�
UHPRYDO�RI�WR[LF�PHWDOV�IURP�ZDWHU�ERGLHV�>�����@�

6DLMGX� HW� DO�� >��@�GRFXPHQWHG� VXFFHVVIXO� UHPRYDO�RI�KHDY\�PHWDO� LRQV�
�VXFK�DV�� OHDG��$V�� LURQ��DQG�FDGPLXP��ZLWK�WKH�XVH�RI�VHHG�NHUQHOV�RI�M. 
oleifera. )RXULHU�WUDQVIRUP�LQIUDUHG��)7,5��VSHFWURPHWU\�ZDV�XVHG�WR�GHWHFW�
SURWHLQ�DPLQR�DFLG�DUVHQLF�LQWHUDFWLRQV�WKDW�DUH�LQYROYHG�LQ�WKH�ELRVRUSWLRQ�
SRZHU�LQ�WKH�VHHGV�RI�M. oleifera.
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*XSWD�DQG�KLV�FR�ZRUNHUV�>��@�UHSRUWHG�WKDW�M. oleifera seed powder can 
UHGXFH�$V�EXUGHQ�LQ�ERG\�DQG�DPHOLRUDWH�DUVHQLF�LQGXFHG�R[LGDWLYH�VWUHVV�YLD�
HQKDQFLQJ�DQWLR[LGDQW�HQ]\PHV�>��@��M. oleifera possesses numerous anti-
R[LGDQWV��VXFK�DV��DVFRUEDWH��ȕ�FDURWHQH��YLWDPLQ�(��YLWDPLQ�$��ȕ�VLWRVWHURO�
DQG� SKHQROLFV� �L�H��� TXHUFHWLQ� DQG� NDHPSIHURO��� ÀDYRQRLGV�� DQG� DQWKRF\D-
QLQV��7KH�VHHG�SRZGHU�RI�Moringa�KDV�HOHYDWHG�DPRXQWV�RI�SURWHLQ�ULFK�LQ�
F\VWHLQH� DQG�PHWKLRQLQH�� DQG� DQWLR[LGDWLYH� YLWDPLQV� DQG� SK\WRFKHPLFDOV��
7KHVH�FKHPLFDOV�KDYH�DQWL�DUVHQLF�WR[LFLW\�H൵HFWV�

0LVKUD�HW�DO�� >��@�GHOLQHDWHG� WKH�SURWHFWLYH� UROH�RI�M. oleifera and as an 
DGMXYDQW�ZLWK�FKHODWLRQ�WKHUDS\�DJDLQVW�$V�LQ�PLFH��,Q�$V�RU�PRVW�KHDY\�PHWDO�
chronic poisoning, metal distribution and redistribution constitute an important 
IDFWRU� IRU� WKHUDSHXWLF� RXWFRPHV��7KH� UHVXOWV� KDYH� VKRZQ� WKDW� WKH� GLVWLQFWLYH�
SRWHQWLDO�RI�M. oleifera in combination therapy with chelating agents is not only 
WR�UHFRYHU�IURP�PRGL¿HG�ELRFKHPLFDO�SDUDPHWHUV�OLQNHG�WR�R[LGDWLYH�GDPDJH�
EXW�DOVR�WR�PRELOL]H�$V�IURP�VRIW�WLVVXH�DQG�EORRG��DIWHU�H[SRVXUH�WR�$V�

8.6.7 CENTELLA (CENTELLA ASIATICA)

Centella asiatica is grown in Sri Lanka, Northern Australia, Indonesia, 
,UDQ��0DOD\VLD��0HODQHVLD��1HZ�*XLQHD�DQG�RWKHU�UHJLRQV�RI�$VLD��,W�LV�DOVR�
UHIHUUHG�WR�DV�%UDKPL�*RWX�.ROD��$VLDWLF�3HQQ\ZRUW��,QGLDQ�3HQQ\ZRUW��/XHL�
Gong Gen, Antanan, and Pegaga.

Centella asiatica� UHYLWDOL]HV� WKH� EUDLQ� DQG� QHUYRXV� V\VWHP� DQG� KHOSV�
WR� LQFUHDVH� DWWHQWLRQ� DQG� FRQFHQWUDWLRQ�� ,W� DOVR�KDV� WUDQTXLOL]LQJ� DQG� DQWL�
DJLQJ�H൵HFWV��,W�KHOSV�WR�RYHUFRPH�WKH�QHJDWLYH�H൵HFWV�RI�IDWLJXH�DQG�VWUHVV��
)XUWKHUPRUH��LW�DOVR�KDV�D�UHYLWDOL]LQJ�H൵HFW�RQ�QHXURWUDQVPLWWHUV��ELRJHQLF�
DPLQHV���,W�LV�D�SRWHQW�VRXUFH�RI�DQWLR[LGDQWV�DQG�SURWHFWV�DJDLQVW�PHPEUDQH�
SHUR[LGDWLRQ�>������@�

6D[HQD�DQG�)ORUD�>��@�GLVFRYHUHG�WKDW�Centella asiatica�ZDV�H൶FLHQW�LQ�
SURYLGLQJ�PRUH�SURQRXQFHG�FKHODWLRQ�WKHUDS\�UHODWHG�H൵HFWV��SDUWLFXODUO\�LQ�
UHFRYHULQJ� R[LGDWLYH� VWUHVV� SDUDPHWHUV��7KH\� DOVR� IRXQG� WKDW� FRQFRPLWDQW�
DGPLQLVWUDWLRQ�RI�Centella asiatica and MiADMSA was able to restore the 
altered neurotransmitters (norepinephrine, dopamine, and acetylcholine) 
OHYHOV�WR�QRUPDO�DV�FRPSDUHG�ZLWK�WKH�H൵HFWV�RI�FKHODWRUV�DORQH��$OWKRXJK�
Centella asiatica� LV�D�VLJQL¿FDQW�PHGLFLQDO�SODQW�ZLWK�DQWLR[LGDQW�DFWLYLW\��
\HW�LW�KDV�QRW�EHHQ�DGHTXDWHO\�VWXGLHG�IRU�LWV�SRWHQWLDO� LQ�WHUPV�RI�WR[LFLW\�
regulation induced by As exposure.

*XSWD�DQG�)ORUD�>��@�KDYH�VKRZQ�WKDW�Centella asiatica aqueous extract 
DW� D� FRQFHQWUDWLRQ� RI� ���� DQG� ����PJ�NJ� ERG\�ZHLJKW±�� FDQ� VLJQL¿FDQWO\�
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SURWHFW�DQLPDOV�IURP�DUVHQLF�LQÀLFWHG�GDPDJH��7KH\�SURSRVHG�WKDW�DTXHRXV�
H[WUDFW� IURP� Centella asiatica may be mediated to some extent against 
DUVHQLF�LQGXFHG�WR[LFLW\��EXW�LWV�H൵HFWV�PD\�QRW�EH�DV�DSSUHFLDEOH�ZKHQ�XVHG�
as a chelating agent.

8.6.8 GOOSEBERRY (PHYLLANTHUS EMBLICA)

Phyllanthus emblica LV�FRPPRQO\�NQRZQ�DV�,QGLDQ�JRRVHEHUU\�RU�$POD�>��@��
,WV�IUXLWV�DUH�ULFK�VRXUFH�RI�DVFRUELF�DFLG�DQG�DUH�ZLGHO\�XVHG�LQ�FRQYHQWLRQDO�
8QDQL�DQG�$\XUYHGLF�PHGLFLQDO�SUDFWLFHV�LQ�,QGLD�IRU�WKH�WKHUDS\�RI�EURDG�
UDQJH�RI�LOOQHVVHV��LQFOXGLQJ�VFXUY\�DQG�XOFHUDWLRQ�>��@��Phyllanthus emblica 
is rich in natural antioxidants, like catalase, SOD, and glutathione peroxidase 
>��@��5HVHDUFK�KDV�VKRZQ�WKDW�$POD�LV�D�SRWHQW�LPPXQH�VWLPXODWRU��DV�ZHOO�DV�
DQ�DGDSWRJHQ�WKDW�FDQ�LQFUHDVH�WROHUDQFH�WR�VWUHVV��7KH�IUXLWV�RI�WKLV�SRZHUIXO�
Rasayana�KHUE�SRVVHVV�H[SHFWRUDQW��FDUGLRWRQLF��DQWLR[LGDWLYH��DQWLYLUDO��DQG�
DQWL�HPHWLF�DQG�DQWLYHQLQ�DFWLYLWLHV��'ULHG�IUXLW�DFWV�DV�D�UHPHG\�IRU�KHPRU-
rhage, diarrhea, and dysentery. It is used in conjunction with iron to treat 
LURQ�GHILFLHQF\��MDXQGLFH��DQG�LQGLJHVWLRQ�>��@��Phyllanthus emblica�VHUYHV�
WR� SURWHFW� DJDLQVW� QXPEHU� RI� KHDY\�PHWDOV�� ,W� KDV� EHHQ� VKRZQ� WR� SUHYHQW�
'1$�DQG�FHOO�GDPDJH�LQGXFHG�E\�$V�SRLVRQLQJ�WR�D�VLJQLILFDQW�H[WHQW�>��@�

6KDUPD�HW�DO�� >��@�UHFHQWO\�UHSRUWHG�VWURQJ�SURWHFWLYH�UROH�RI� WKH�IUXLWV�
RI�(PEOLFD� R৽FLQDOLV against As-induced hepatopathy in mice. Pre- and 
SRVW�DGPLQLVWUDWLRQ� RI�(�� R৽FLQDOLV� H[WUDFW� DW� D� GRVH� RI� ����PJ�NJ� ERG\�
weight±��SHU�GD\� IRU����GD\V�DJDLQVW�$V� ���PJ�NJ�ERG\�ZHLJKW±� per day) 
FRXOG�VLJQL¿FDQWO\�UHYHUVH�WKH�R[LGDWLYH�VWUHVV�DQG�OLYHU�IXQFWLRQ�SDUDPHWHUV��
%LRFKHPLFDO�UHVXOWV�ZHUH�VXSSRUWHG�E\�KLVWRSDWKRORJLFDO�¿QGLQJV�LQGLFDWHG�
WKH�SURPLVLQJ�SRWHQWLDO�RI�(��R৽FLQDOLV�LQ�$V�LQGXFHG�R[LGDWLYH�VWUHVV�DQG�LWV�
SRVVLEOH�XWLOL]DWLRQ�IRU�DGMXYDQW�WKHUDS\�

8.6.9 SEA-BUCKTHORN (HIPPOPHAE RHAMNOIDES)

Hippophae rhamnoides KDV�LPPHQVH�WKHUDSHXWLF�YDOXH�LQ�YDULRXV�R[LGDWLYH�
VWUHVV�GLVRUGHUV�>��@��3RWHQW�PHGLFLQDO�HVVHQWLDO�RLO�IURP�WKH�IUXLW�RI�Hippo-
phae rhamnoides� KDV� EHHQ� XVHG� LQ� WUHDWLQJ� FDUGLRYDVFXODU� GLVRUGHUV�� KHDO�
VNLQ�EXUQV��HF]HPD��DWRSLF�GHUPDWLWLV��DQG�UDGLDWLRQ�H[SRVXUH��)XUWKHUPRUH��
LW�FDQ�DOVR�EH�XVHG�IRU�SUHYHQWLQJ�JDVWURLQWHVWLQDO�GLVHDVHV�>��@��7KH�IUXLW�LV�
D�JRRG�DVWULQJHQW�DQG�LV�XVHG�DV�D�WRQLF��,W�FRQWDLQV�HVVHQWLDO�IDWW\�DFLGV�DQG�
DQWLR[LGDQWV��7KHUHIRUH��LW�LV�FDSDEOH�RI�UHGXFLQJ�WKH�LQFLGHQFH�RI�FDQFHU��IOX��
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FDUGLRYDVFXODU� GLVHDVHV�� PXFRVDO� LQMXULHV�� DQG� VNLQ� GLVHDVH�� )XUWKHUPRUH��
6HD�%XFNWKRUQ�DOVR�KDV�SURWHFWLYH�IXQFWLRQV�RQ�FKURPRVRPDO�VWUXFWXUH��DQWL-
EDFWHULDO��DQWLXOFHU��UDGLRSURWHFWLYH��DQG�LPPXQRPRGXODWRU\�DFWLYLWLHV�>��@�

*XSWD�DQG�)ORUD�>��@�UHFHQWO\�UHSRUWHG� WKDW� IUXLWV�RI�Hippophae rham-
noides� DUH� JHQHUDOO\� IRXQG� QHDU� WKH� VKRUHOLQH�� IRUPLQJ� WKLFNHWV� RQ� ¿[HG�
dunes and sea rocks. Hippophae rhamnoides L. extract has an important 
VKLHOGLQJ�IXQFWLRQ�DJDLQVW�R[LGDWLYH�DQG�WLVVXH�KDUP�FDXVHG�E\�$V��3URJQRVLV�
ZLWK�GL൵HUHQW�H[WUDFWV�RI�H. rhamnoides�/��IUXLW�R൵HUV�VLJQL¿FDQW�SURWHFWLRQ�
DJDLQVW�$V�LQKLELWLRQ�RI�EORRG�$/$'�DFWLYLW\��ZKLFK�KDV�VKRZQ�GHFUHDVH�LQ�
EORRG�FRQFHQWUDWLRQV�RI�JOXWDWKLRQH��$OWKRXJK�WKH�ZDWHU�H[WUDFW�RI�WKH�6HD�
%XFNWKRUQ�IUXLW�GRHV�QRW�FKHODWH�$V�DQG�ZDV�XQDEOH�WR�VLJQL¿FDQWO\�GHFUHDVH�
$V�FRQFHQWUDWLRQ� IURP� WKH� WLVVXH��\HW� LW�KDV�D�SURPLVLQJ� UROH�DV� D� VXSSOH-
PHQWLQJ�DJHQW�GXULQJ�FKHODWLRQ�RI�$V��)LJXUH����� LQGLFDWHV�VRPH�FRPPRQ�
KHUEV�ZLWK�SRWHQWLDO�IRU�UHGXFLQJ�$V�LQGXFHG�WR[LFLW\�

FIGURE 8.8 3URPLVLQJ�SODQWV� WKDW� DUH� ULFK� VRXUFHV�RI�SK\WRFKHPLFDOV� WR� DPHOLRUDWH� WKH�
arsenic-induced toxicity.
Legend:�:LOG�OLNH�WXOVL� OHDYHV��$���DORH�YHUD��%���JDUOLF��&���JLQJHU��'��� WXUPHULF��(��� WHD�
�)��PRULQJD��*��EUDPKL��+��DPOD��,���DQG�VHD�EXFNWKRUQ��-��
Source: 6HOI�GHYHORSHG�

8.6.10 RHABDOSIA RUBESCENS

Rabdosia rubescens KDV�EHHQ�XVHG�E\�&KLQHVH�SK\VLFLDQV�WR�WUHDW�LQIODPPD-
WLRQ�RI�QHFN��LQVHFWV��DQG�VQDNH�ELWHV��LQIHFWLRQ�RI�WKH�WRQVLOV�DQG�FDQFHU�RI�
WKH�HVRSKDJXV��VWRPDFK��OLYHU��SURVWDWH��DQG�EUHDVW�>���@��2ULGRQLQ�RU�UXEHVH-
FHQV�LQ�$�LV�DQ�KHUEDO�GLWHUSHQRLG�FRPSRXQG�LVRODWHG�IURP�R. rubescens that 
KDV�EHHQ�VKRZQ�WR�SURWHFW�DJDLQVW�$V� WR[LFLW\�DQG�KDV�EHHQ�UHFRJQL]HG�DV�
WDUJHWLQJ�D�IUHVK�SDWKZD\�IRU�LWV�SRVLWLYH�LPSDFW�>��@�
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6LPLODUO\��PDQ\�RWKHU�SODQWV�IURP�GL൵HUHQW�ELRORJLFDO�GLVWULEXWLRQ�� OLNH�
Andrographis paniculata (kalmegh), Glycyrrhizae radix��HWF���KDYH�SURYHQ�
WKHLU�H൵HFWLYHQHVV�DJDLQVW�$V�SRLVRQLQJ�>��@�

8.6.11 SOME ARGENTINIAN HERBS

6RULD�HW�DO��>��@�VWXGLHG�WKH�HIIHFWV�RI�GLIIHUHQW�VROYHQW�H[WUDFWHG�ELRPROHFXOHV�
RQ� $V�LQIOLFWHG� R[LGDWLYH� VWUHVV� LQ� 9HUR�FHOOV�� %LRDFWLYH� FRPSRXQGV� ZHUH�
H[WUDFWHG�IURP�ILYH�$UJHQWLQLDQ�PHGLFLQDO�SODQWV��$UVHQLWH�KDV�EHHQ�IRXQG�WR�
EH�SUR�R[LGDWLYH�DJHQW� WKDW�RSHUDWHV� LQ�D� WLPH�GHSHQGHQW�ZD\��([WUDFWV� IURP�
Eupatorium huniifolium� �GLVVROYHG� LQ�SHWUROHXP�HWKHU���Lanlanagrise bacbii 
�GLVVROYHG�LQ�SHWUROHXP�HWKHU�DQG�LQ�ZDWHU���Mandevilla pentlandiana��GLVVROYHG�
in petroleum ether and in water), and Sebastiania commersoniana��GLVVROYHG�LQ�
GLFKORURPHWKDQH��PHWKDQRO�� DQG� LQ�ZDWHU��GHWHUUHG� WKH�GHYHORSPHQW�RI�ERWK�
aqueous and lipid hydroperoxides, but Heterotbalamus alienus�DYRLGHG�RQO\�
OLSLG�K\GURSHUR[LGHV��$V�D�UHVXOW��DQWLR[LGDQW�H[WUDFWV�RI�WKHVH�$UJHQWLQLDQ�KHUEV�
FDQ� SRVVLEO\� KDYH� DQWL�DUVHQLWH�LQGXFHG� UHQDO� GDPDJH� SURWHFWLRQ�� $PRQJVW�
these, the L. graisebacbi�GHFRFWLRQ�ZDV�VXJJHVWHG�WR�EH�PRVW�VXLWDEOH�IRU�KXPDQ�
consumption, since it is traditionally added in tea as a herbal condiment.

8.7 PHYTOCHEMICALS AGAINST ARSENIC TOXICITY

7KH� H[WUDFWV� RU� SDUWV� RI� PHGLFLQDO� KHUEV� KDYH� EHHQ� D� SDUW� RI� PDQ\� IRON�
PHGLFLQDO�V\VWHPV��+RZHYHU��WKH�FXUUHQW�UHVHDUFK�VFHQDULR�UHOLHV�RQ�VWXG\LQJ�
medicinal herbs as a source to isolate therapeutically promising molecules. 
5HFHQW�VFLHQWLILF�UHSRUWV�VXJJHVW�WKDW�SK\WRWKHUDSHXWLFV�RI�KHUEDO�RULJLQ�VKRZ�
VRPH�HIILFDFLRXV�DQG�HQFRXUDJLQJ�DPHOLRUDWLRQ�IURP�$V�PHGLDWHG�WR[LFLW\��
6RPH� QDWXUDO� FRPSRXQGV� IURP� SODQW� VRXUFHV�� VXFK� DV�� UXWLQ�� UHVYHUDWURO��
FXUFXPLQ�� SRO\SKHQROV�� HWF��� KDYH� EHHQ� LGHQWLILHG�� 7KH\� DUH� SRWHQWLDO� WR�
UHGXFH�$V�LQGXFHG�WR[LFLW\��6WUXFWXUHV�RI�VRPH�WKH�SK\WRFKHPLFDOV�LQYROYHG�
in arsenic amelioration are represented in Figure 8.9.

8.7.1 RUTIN

6iUN|]L�HW�DO��>��@�LQYHVWLJDWHG�WKH�HIIHFWV�RI�IODYRQRLG�UXWLQ�LQ�DPHOLRUDWLQJ�
$V�LQGXFHG� WR[LFLW\��:LVWHU� UDWV�ZHUH� DGPLQLVWUDWHG�$V� E\� JDYDJH� �#� ���
mg (kg body weight)±��RI�1D$V22�GDLO\��RQ�RSHQ�ILHOG�PRWLOLW\�IRU���ZHHNV��
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,Q�WKH�H[SHULPHQWDO�JURXS��DQ�DTXHRXV�VROXWLRQ�RI�UXWLQ����J/±� daily) was 
FR�DGPLQLVWHUHG�WR�FKHFN�ZKHWKHU�WKH�HIIHFWV�RI�HYRNHG�FRUWLFDO�DQG�SHULSK-
HUDO�HOHFWURSK\VLRORJLFDO�DFWLYLW\�ZHUH�DEOH�WR�LQFUHDVH�ERG\�ZHLJKW�LQ�UDWV��
7KH�IXQFWLRQDO�QHXURWR[LF�LPSDFWV�DQG�RYHUDOO�WR[LFLW\�RI�$V�H[SRVXUH�LQ�UDWV�
FRXOG�EH�VLJQLILFDQWO\�UHGXFHG�E\�SDUDOOHO�RUDO�DGPLQLVWUDWLRQ�RI�UXWLQ��:KLOH�
the gain in body weight in the As-only group was considerably lowered 
the 4th week onwards, and the rutin in the experimental group mainly 
UHPRYHG�WKLV�LPSDFW��5DWV�WUHDWHG�ZLWK�$V�DORQH�VKRZHG�UHGXFWLRQ�LQ�RSHQ�
ILHOG�PRWLOLW\��HQKDQFHG�FRUWLFDO�SRWHQWLDOV�ODWHQF\��DQG�UHGXFHG�SHULSKHUDO�
YHORFLW\�RI�WKH�QHUYRXV�LPSXOVH��&R�DGPLQLVWUDWLRQ�RI�UXWLQ�DOVR�FRXQWHUDFWHG�
WKHVH�IXQFWLRQDO�FKDQJHV��DQG�WKH�DQWLR[LGDQW�DQG�FKHODWLQJ�DFWLYLWLHV�RI�UXWLQ�
FRXOG�KDYH�FRQWULEXWHG�WR�WKH�DPHOLRUDWLYH�LPSDFW��7KHVH�ILQGLQJV�DSSHDU�WR�
SURPRWH�QDWXUDO�DJHQWV¶�SRWHQWLDO�IXQFWLRQ�LQ�PDLQWDLQLQJ�KXPDQ�KHDOWK�LQ�D�
As-contaminated setting.

FIGURE 8.9 6WUXFWXUH�RI�VRPH�WKH�SK\WRFKHPLFDOV�LQYROYHG�LQ�DUVHQLF�DPHOLRUDWLRQ��UXWLQ�
�$���UHVYHUDWURO��%���FXUFXPLQ��&���SRO\GDWLQ��'���4XHUFHWLQ��(���WDXULQH��)���2ULGRQLQ��*���
6LOLELQLQ��+��DQG�1DULQJHQLQ��,����VHOI�GHYHORSHG��ILJXUH�FRPSLOHG�E\�DXWKRUV��

8.7.2 RESVERATROL

5HVYHUDWURO� LV� D� SK\WRDOH[LQ� KDYLQJ� DQWLR[LGDQW� DQG� FKHPR� SUHYHQWLYH�
FKDUDFWHULVWLFV�WKDW�DUH�IRXQG�LQ�YHJHWDEOHV��=KDQJ�HW�DO��>���@�DFFHVVHG�KRZ�
UHVYHUDWURO�PRGXODWHV�$V�LQGXFHG�FDQFHU�E\�XVLQJ�$UVHQLF�WULR[LGH��$V2O3)-
exposed male Wister rats as a model. In the placebo group, rats were treated 
with only As2O3 (@ 3 mg (kg boy weight)±�� GDLO\�� DQG� KDG� VLJQLILFDQWO\�
KLJKHU� R[LGDWLYH� VWUHVV� DQG�$V� DFFXPXODWLRQ� LQ� WKH� NLGQH\��+RZHYHU�� WKH�
H[SHULPHQWDO� JURXS� �LQ� ZKLFK� UHVYHUDWURO� ��� PJ� NJ� ERG\� ZHLJKW±� daily) 
ZDV� SUH�DGPLQLVWHUHG� RQH� KRXU� EHIRUH�$V� WUHDWPHQW�� GLG� QRW� VKRZ� WKHVH�
GHWULPHQWDO�VLJQV��,Q�DGGLWLRQ��WKH�H[SHULPHQWDO�JURXS�VKRZHG�ORZHU�OHYHOV�
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RI�EORRG�XUHD�QLWURJHQ��FUHDWLQLQH��DQG�LQVLJQLILFDQW�UHQDO�WXEXODU�HSLWKHOLDO�
FHOO� QHFURVLV�� 7KH� GDWD� FOHDUO\� VKRZHG� WKDW� UHVYHUDWURO� VXSSOHPHQWDWLRQ�
DOOHYLDWHG�QHSKURWR[LFLW\�E\�HQKDQFLQJ�DQWLR[LGDQW�FDSDFLW\�DQG�$V�HIIOX[��
7KHVH�UHVXOWV�LQGLFDWH�WKDW�XVH�RI�UHVYHUDWURO�LQ�FRPPXQLWLHV�H[SRVHG�WR�$V�
KDV�WKH�DELOLW\�WR�VDIHJXDUG�DJDLQVW�UHQDO�GDPDJH�

8.7.3 CURCUMIN

&XUFXPLQ�IURP�WXUPHULF��Curcuma longa��LVVXHG�WR�WUHDW�D�EURDG�YDULHW\�RI�
GLVHDVHV��.KDQ�HW�DO��>��@�LQYHVWLJDWHG�WKH�HIIHFWV�RI�FXUFXPLQ�RQ�DSRSWRVLV�
brought about by in vitro�DGPLQLVWUDWLRQ�RI�1D$V22 in murine splenocytes. 
Cells were subjected to NaAsO2 with and without curcumin. NaAsO2 led 
WR� D� GHFUHDVH� LQ� FHOO� YLDELOLW\� DQG� LQGXFWLRQ� RI� DSRSWRVLV�� 7KHVH� ILQGLQJV�
ZHUH�FRQVLVWHQW�ZLWK� LQFUHDVH� LQ�FHOO�QXPEHUV�ZLWK� WKH�SURGXFWLRQ�RI� IUHH�
UDGLFDOV� �526��� ORVV� RI� PLWRFKRQGULDO� WUDQVPHPEUDQH� FDSDFLW\�� LQFUHDVHG�
FHOO� IUHTXHQF\� ZLWK� VXE�*�� '1$� FRQWHQW�� DQG� IUDJPHQWDWLRQ� RI� '1$��
&RQMXQFWLYH�FXUFXPLQ�WKHUDS\��#���RU����ȝJ�P/±�) with NaAsO2��#���ȝ0��
UHVXOWHG�LQ�FHOO�YLDELOLW\�UHFRYHULHV�DQG�PLWLJDWLRQ�RI�PROHFXODU�PRGLILFDWLRQV�
induced by apoptosis. Substantial protection in murine splenocytes against 
DSRSWRVLV�SDUDPHWHUV�SURSRVHG�FXUFXPLQ¶V�SURWHFWLYH�HIILFDF\�

8.7.4 POLYPHENOLS

3RO\SKHQROV��IODYRQRLGV��SKHQROLF�DFLGV�� OLJQDQV��DQG�VWLOEHQHV��KDYH�DQWL�
R[LGDQW� FKDUDFWHULVWLFV� >���@��7KH\� KDYH� UROHV� LQ� SUHYHQWLQJ� GLVHDVHV� OLNH�
FDUGLRYDVFXODU� DQG� QHXURGHJHQHUDWLYH� GLVHDVHV� DQG� FDQFHU� >��@��7KH\� DUH�
DOVR�LQYROYHG�LQ�WKH�DFWLRQV�RI�HQ]\PHV�DQG�FHOO�UHFHSWRUV�>��@�

$UVODQ�$FDUR]�HW�DO��>�@�LQYHVWLJDWHG�WKH�LPSDFW�RI�SRO\GDWLQ�LQ�$V�H[SRVHG�
UDWV�RQ�IUHH�UDGLFDO�RYHUSURGXFWLRQ��7KLUW\�¿YH�UDWV�ZHUH�UDQGRPO\�GLYLGHG�
LQWR�¿YH�JURXSV����UDWV�SHU�JURXS���:KHUHDV�WKH�FRQWURO�JURXS�ZDV�JLYHQ�MXVW�
physiological saline, the second group was administered with only As (@ 100 
PJ�/��IRU����GD\V�WKURXJK�GULQNLQJ�ZDWHU��7KH�RWKHU�JURXSV�ZHUH�WUHDWHG�RUDOO\�
DW�YDULRXV�FRQFHQWUDWLRQV��#����������DQG�����PJ��NJ�ERG\�ZHLJKW�±� per day) 
RI�SRO\GDWLQ�LQ�DGGLWLRQ�WR�$V��:KLOH�$V�WUHDWPHQW�HQKDQFHG�PDORQGLDOGHK\GH�
FRQFHQWUDWLRQV�� JOXWDWKLRQH� OHYHOV� LQ� EORRG�� OLYHU�� NLGQH\�� EUDLQ�� OXQJ�� DQG�
KHDUW�RI� WKH� UDWV�ZHUH� UHGXFHG��0RUHRYHU��$V� UHGXFHG� WKH�DFWLYLW\�RI�62'�
DQG� FDWDODVH� LQ� HU\WKURF\WHV�� OLYHU�� NLGQH\�� EUDLQ�� OXQJ�� DQG� KHDUW� RI� UDWV��
%HVLGHV��$V� WKHUDS\� LPSURYHG� LQWHUOHXNLQ� RQH� EHWD� �,/��ȕ��� QXFOHDU� IDFWRU�
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NDSSD�%��1)ț%���S����DQG�WXPRU�QHFURVLV�IDFWRU�Į��71)�Į��H[SUHVVLRQ�LQ�WKH�
OXQJ��EUDLQ��NLGQH\��DQG� OLYHU��+RZHYHU��DSSOLFDWLRQ�RI�SRO\GDWLQ�DOOHYLDWHG�
$V�H[SRVHG� OLSLG�SHUR[LGDWLRQ�� DQWLR[LGDQW� HQ]\PH�DFWLYLW\��'1$�GDPDJH��
JHQH�H[SUHVVLRQV��DQG�EUDLQ�QHXURQDO�GHJHQHUDWLRQ�DQG�IRFDO�JOLRVLV�

)DWPL�HW�DO��>��@�DVVHVVHG�WKH�SRWHQWLDO�RI�JUHHQ�WHD�H[WUDFWV��ZKLFK�DUH�ULFK�
LQ�SRO\SKHQROLF�FRQWHQW��DV�D�QDWXUDO�PHDQV�WR�FRXQWHU�WKH�R[LGDWLYH�FHOOXODU�
GDPDJH�LQÀLFWHG�E\�$V��$XWKRUV�IRXQG�WKDW�JUHHQ�WHD�SRO\SKHQROV�FDQ�DOVR�
SUHYHQW� IXUWKHU� JHQHUDWLRQ� RI� IUHH� UDGLFDOV�� ,Q� WKHLU� VWXGLHV�� WKH� WUHDWPHQW�
JURXSV�ZHUH�JLYHQ�FKURQLF�H[SRVXUH�RI�1D$V22 (3 mg (kg body weight)±� 
GDLO\��RUDOO\��DFFRPSDQLHG�E\�DGPLQLVWUDWLRQ�RI�Camellia sinensis@ 300 mg 
(kg body weight)±��GDLO\�IRU���ZHHNV�XVLQJ�JDYDJH�WHFKQLTXH��$GPLQLVWUD-
WLRQ� RI� ÀXLG� H[WULFDWH� RI� JUHHQ� WHD� KDG� D� QRWHZRUWK\� DPHOLRUDWLYH� LPSDFW�
RQ� GL൵HUHQW� ELRFKHPLFDO� SDUDPHWHUV� DQG� OLSLG� SHUR[LGDWLRQ� OHYHOV�� 7KH�
GHIHQVLYH�PHFKDQLVP�RI�WKHVH�DQWL�R[LGDWLYH�DJHQWV�ZDV�PDQLIHVWHG�LQ�WKH�
IRUP�RI�SURJUHVVLYH�QRUPDOL]DWLRQ�RI�UHQDO�DQG�KHSDWLF�IXQFWLRQV�DQG�QRUPDO�
H[SUHVVLRQ�RI�HQ]\PHV�DQG�RWKHU�PDUNHUV�

8.7.5 QUERCETIN

0LVKUD�DQG�)ORUD�>��@�H[SORUHG�HIIHFWLYHQHVV�RI�TXHUFHWLQ�DQG�PRQRLVRDP\O�
2,3-dimercaptosuccinic acid (MiADMSA, thiol chelating agent), either sepa-
UDWHO\�RU�LQ�FRQMXQFWLRQ��DJDLQVW�R[LGDWLYH�VWUHVV�FDXVHG�E\�$V�DQG�$V�FOHDU-
DQFH�LQ�WKH�PRXVH��$QLPDOV�ZHUH�FKURQLFDOO\�VXEMHFWHG�WR����SSP�RI�DUVHQLWH�
WKURXJK�WKHLU�GULQNLQJ�ZDWHU�IRU����PRQWKV��IROORZHG�E\�0L$'06$�WKHUDS\�
(@ 0.2 mmol (kg body weight)±� per day orally), quercetine (@ 0.2 mmol per 
GD\�RUDOO\��HLWKHU�DORQH�RU�LQ�FRQMXQFWLRQ�IRU���VXFFHVVLYH�GD\V��$V�H[SRVXUH�
UHVXOWHG�LQ�D�VXEVWDQWLDO�GHFUHDVH�LQ�EORRG�DFWLYLW\��$/$'���JOXWDWKLRQH��ZKLWH�
EORRG�FHOOV��:%&��DQG�UHG�EORRG�FHOOV��5%&���,W�DOVR�HQKDQFHG�WKH�QXPEHU�RI�
SODWHOHWV�DQG�FDXVHG�VXEVWDQWLDO�LQFUHDVH�LQ�HU\WKURF\WH�526�OHYHOV�

$FWLYLWLHV�RI�KHSDWLF�FDWDODVH�DQG�JOXWDWKLRQH�SHUR[LGDVH�VKRZHG�GHSOH-
WLRQ�� ZKHUHDV� FRQFHQWUDWLRQV� RI� WKLREDUELWXULF� DFLG� UHDFWLYH� VXEVWDQFHV�
�7%$56��LQFUHDVHG�H[SRVXUH�WR�$V��WKXV�VXJJHVWLQJ�R[LGDWLYH�VWUHVV�LQ�WKH�
EORRG�DQG�OLYHU�ZDV�FDXVHG�E\�DUVHQLWH��&DWDODVH�DFWLYLW\�LQ�NLGQH\�VKRZHG�
GHWHULRUDWLRQ�� ZKLOH�$V� H[SRVXUH� LQFUHDVHG� 7%$56� FRQFHQWUDWLRQV�� +LJK�
FRQFHQWUDWLRQ�RI�$V�LQ�EORRG��OLYHU��DQG�NLGQH\�DFFRPSDQLHG�WKHVH�ELRFKHP-
LFDO�PRGL¿FDWLRQV��0L$'06$�WUHDWPHQW�ZDV�H൶FLHQW�LQ�HQKDQFLQJ�$/$'�
DFWLYLW\��ZKLOH�TXHUFHWLQ�DORQH�ZDV�LQH൵HFWLYH��:KHQ�FR�DGPLQLVWHUHG�ZLWK�
0L$'06$��4XHUFHWLQ�DOVR�SURYLGHG�QR�DGGLWLRQDO�EHQH¿FLDO�H൵HFW�RQ�WKH�
DFWLYLW\�RI�EORRG�$/$'�EXW�VLJQL¿FDQWO\�DOWHUHG�WKH�QXPEHU�RI�SODWHOHWV�
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4XHUFHWLQ�DGPLQLVWUDWLRQ�DORQH�KDG�SURIRXQG�EHQH¿FLDO� LPSDFWV�RQ� WKH�
FRQFHQWUDWLRQV�RI�KHSDWLF�R[LGDWLYH�VWUHVV�DQG�7%$56�OHYHOV�LQ�WKH�NLGQH\��
$V� DQG�DQ\�RI� WKH� WUHDWPHQWV� FRXOG�QRW� LPSDFW� UHQDO�ELRFKHPLFDO� IDFWRUV��
Interestingly, mixed quercetin administration with MiADMSA had a notable 
LPSDFW�RQ�WKH�GHSOHWLRQ�RI�FRPSOHWH�EORRG�DQG�VRIW�WLVVXH�$V�FRQFHQWUDWLRQ�

8.7.6 SILYMARIN

6LO\PDULQ�LV�D�FRPELQDWLRQ�RI�FHUWDLQ�IODYRQROLJQDQV�WKDW�DUH�H[WUDFWHG�IURP�
milk thistle (Silybum marianum *DHUWQHUL���6RULD�HW�DO��>��@�VWXGLHG�UROH�RI�VLO\-
PDULQ��DQG�LW�ZDV�IRXQG�WKDW�VLO\PDULQ�FRXOG�QRW�SURYLGH�DQ\�EHQHILFLDO�HIIHFW��
7KH�VWXG\�ZDV�FRQGXFWHG�ZLWK�PDPPDU\�DGHQRFDUFLQRPD�OLQHV�IURP�KXPDQ�
VRXUFH��0LFKLJDQ�&DQFHU�)RXQGDWLRQ�����0&)����DQG�=5�������&HOOV�ZHUH�ex 
vivo VXEMHFWHG�WR�����ȝ01D$V22����ȝ0�VLO\PDULQ�DQG�RU����ȝ0�TXHUFHWLQ��
5HVHDUFKHUV�REVHUYHG�VRPH�ELRPHPEUDQH�SDUDPHWHUV��VXFK�DV�VLDOLF�DFLG� LQ�
JDQJOLRVLGHV��Ȗ�JOXWDP\O�WUDQVSHSWLGDVH��**7��HQ]\PDWLF�DFWLYLW\��FRQMXJDWHG�
GLHQHV��DQG�IUHH�UDGLFDO�JHQHUDWLRQ��WR�HYDOXDWH�WKH�DUVHQLWH�IODYRQRLG�LQWHUDF-
WLRQV�� )ODYRQRLGV� LQ�=5������ FHOOV� GLG� QRW� SUHYHQW� WLPH�GHSHQGHQW� DUVHQLWH�
WR[LFLW\��ZKLOH�TXHUFHWLQ�SURWHFWHG�0&)���FHOOV�IRU���K�

5HJDUGLQJ�WKH�**7�DFWLYLW\��=5������FHOOV�ZHUH�VKLHOGHG�IURP�VWUHVV�RQO\�
by quercetin. In MCF-7 cells, neither quercetin nor silymarin counteracted 
WKH�DUVHQLWH�LQGXFHG�**7�DFWLYLW\��$V�DQG�VLO\PDULQ�WUHDWHG�$V�VKRZHG�WKH�
GHFUHDVH� LQ� WKH� FRQWHQW� RI� VLDOLF� DFLG� LQ� WKH�0&)���PHPEUDQH� RQO\��7KH�
membrane resistance in these cells to lipid oxidation was primarily due to 
**7�DFWLYLW\�DQG�VLDO\OJO\FROLSLG�FRQWHQW�XS�UHJXODWLRQ�

8.7.7 TAURINE

)ORUD�HW�DO��>��@�HYDOXDWHG�WKH�HIILFDF\�RI�WDXULQH�LQ�DOOHYLDWLQJ�WKH�KDUPIXO�
HIIHFWV�RI�$V�SRLVRQLQJ�LQ�UDWV��LQ�FRQMXQFWLRQ�ZLWK�WKH�FKHODWRU�DQG�PRQR�
isoamyl dimercaptosuccinic acid (MiADMSA). Male rats were chronically 
H[SRVHG� WR�$V� �#���� SSP�RI�1D$V22� LQ�ZDWHU� IRU� ���ZHHNV��� IROORZLQJ�
ZKLFK�WKH\�ZHUH�WUHDWHG�ZLWK�WDXULQH��GDLO\�LQWUDSHULWRQHDO�LQMHFWLRQ�RI�����
PJ��NJ�RI�ERG\�ZHLJKW±���DQG�0L$'06$��GDLO\�RUDO�DGPLQLVWUDWLRQ�RI����
mg kg±����HLWKHU�LQGLYLGXDOO\�RU�LQ�FRPELQDWLRQ�IRU���GD\V�LQ�VXFFHVVLRQ��7KH�
HYDOXDWLRQ� RI� ELRFKHPLFDO� SDUDPHWHUV� LQGLFDWHG� WKH� SUHVHQFH� RI� UHDFWLYH�
R[\JHQ�VSHFLHV��526��DORQJ�ZLWK�HOHYDWHG�OHYHOV�RI�$V�LQ�WKH�EORRG��OLYHU��
and kidney.
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7DXULQH�DGGLWLRQ�FRQVLGHUDEO\�GHFUHDVHG�KHSDWLF�R[LGDWLYH�VWUHVV�PDUNHUV��
EXW�FR�DGPLQLVWHULQJ�D�JUHDWHU�GRVH�RI�WDXULQH�DQG�FKHODWRU�PHGLFDWLRQ�R൵HUHG�
LPSURYHG�RXWFRPHV�LQ�UHQDO�DQG�KHSDWLF�DQWLR[LGDQW�VWDWXV��,W�DOVR�GHFUHDVHG�
ERG\�$V� VWUHVV�� UHODWLYH� WR� LQGLYLGXDO�0L$'06$� RU� WDXULQH� WKHUDS\��7KH�
¿QGLQJV�LQGLFDWH�WKDW�FR�DGPLQLVWUDWLRQ�RI�WDXULQH�ZLWK�0L$'06$�PD\�EH�
SUHIHUUHG�WR�REWDLQ�EHWWHU�LPSDFWV�RI�FKHODWLRQ�WKHUDS\�

8.7.8 ORIDONIN

2ULGRQLQ�ZDV�LVRODWHG�IURP�Rabdosia rubescens, Isodon japonicus Hara, and 
Isodon trichocarpus�>��@��DQG�LW�LV�D�ELWWHU�WHWUDF\FOLQH�GLWHUSHQRLG�FRPSRXQG�
KDYLQJ�FHUWDLQ�DQWL�FDQFHU�FKDUDFWHULVWLFV��'X�HW�DO��>��@�DVVHVVHG�WKH�PRGX-
ODWLRQ� E\� SK\WRFKHPLFDO� RULGRQLQ� RI� WKH� FHOOXODU� DQWL�R[LGDQW� UHJXODWRU��
QXFOHDU�UHODWHG�IDFWRU����1UI����7KH�1UI��VLJQDOLQJ�SDWKZD\�LV�F\WRSURWHFWLYH�
DQG�VDIHJXDUGV�WKH�FHOOV�IURP�$V�LQGXFHG�WR[LFLW\�>��@�

3UH�WUHDWPHQW�RI�KXPDQ�XURWKHOLDO�FHOO�OLQH��852WVD��ZLWK�����ȝ0�RULGRQLQ�
FDXVHG�WKH�1UI��VLJQDOLQJ�SDWKZD\�WR�EH�DFWLYDWHG��DW�D�ORZ�VXEWR[LF�GRVH�
RI�$V�����X0�$V� �,,,����7KH�1UI��SURWHLQ�ZDV�DFFXPXODWHG�DQG� VWDELOL]HG�
GXH�WR�WKH�EORFNLQJ�RI�SURWHDVRPDO�GHJUDGDWLRQ�RI�1UI���7KH�DFWLYDWLRQ�RI�
WKH�1UI��GHSHQGHQW�SDWKZD\�SURYLGHG�F\WRSURWHFWLYH�UHVSRQVH��7KH�FHOOXODU�
UHGR[�FDSDFLW\�ZDV�VLJQL¿FDQWO\�HQKDQFHG��526�OHYHOV�ZHUH� UHGXFHG��DQG�
WKH�FHOOV�VXUYLYDO�ZHUH�DOLYH�XSRQ�$V�WUHDWPHQW�

8.7.9 SILIBININ

6LOLELQLQ�LV�D�SULQFLSDO�IODYRQROLJQDQ�FRPSRXQG�WKDW�LV�IRXQG�LQ�PLON�WKLVWOH�
or silimarin (Silybum marianum���7KH�VSDWLDO�RULHQWDWLRQ�RI�IXQFWLRQDO�JURXSV�
JLYHV�VLOLELQLQ�LWV�SRWHQWLDO�IRU�PHWDO�FKHODWLRQ�DQG�DQWLR[LGDQW�SRWHQF\�>��@�

0XWKXPDQL�HW�DO��>��@�HYDOXDWHG�VLOLELQLQ¶V�DPHOLRUDWLYH�SRWHQWLDO�WRZDUGV�
$V�SRLVRQLQJ�D൵HFWLQJ�WKH�OLYHU�LQ�UDWV��$V�DORQH��#���PJ��NJ�ERG\�ZHLJKW�±� 
per day) or silibinin (@ 75 mg (kg body weight)±��SHU�GD\��ZHUH�RUDOO\�IHG�
WR�UDWV�IRU���ZHHNV��7KH�HQKDQFHG�DFWLYLW\�RI�VHUXP�OLYHU�VSHFL¿F�HQ]\PHV�
ZDV�XVHG�DV�DQ�LQGLFDWRU�IRU�KHSDWRWR[LFLW\��$VSDUWDWH�WUDQVDPLQDVH��DODQLQH�
WUDQVDPLQDVH��DONDOLQH�SKRVSKDWDVH��Ȗ�JOXWDP\O�WUDQVIHUDVH��ODFWDWH�GHK\GUR-
JHQDVH�HQKDQFHG�FRQFHQWUDWLRQ�RI�OLSLG�SHUR[LGDWLYH�PDUNHU�

7KH�WR[LFLW\�RI�$V�LV�DOVR�UHÀHFWHG�LQ�WKH�UHGXFHG�DFWLYLWLHV�RI�PHPEUDQH�
ERXQG� $73DVHV�� QDWXUDO� FHOOXODU� DQWL�R[LGDQWV�� OLNH� 62'�� FDWDODVH��
JOXWDWKLRQH� SHUR[LGDVH�� JOXWDWKLRQH�6�WUDQVIHUDVH�� JOXWDWKLRQH� UHGXFWDVH��
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DQG� JOXFRVH���SKRVSKDWH� GHK\GURJHQDVH� DORQJ� ZLWK� QRQ�HQ]\PDWLF� DQWL�
R[LGDQWV��OLNH�JOXWDWKLRQH��WRWDO�VXOIK\GU\O�JURXSV��DVFRUEDWH��DQG�WRFRSKHURO��
7KH�GLVSHQVDWLRQ�RI�VLOLELQLQ�VKRZHG�D�VXEVWDQWLDO�UHJUHVVLRQ�RI�$V�LQGXFHG�
WR[LFLW\�LQ�WKH�OLYHU�WLVVXH��+HSDWLF�PDUNHU�DQG�ELOLUXELQ�FRQFHQWUDWLRQV�ZHUH�
UHGXFHG��&RPSDUHG�WR�$V�WUHDWHG�UDWV��WKH�FRQFHQWUDWLRQV�RI�OLSLG�SHUR[LGD-
WLYH�PDUNHUV�LQ�UDW�OLYHU�ZHUH�FRQVLGHUDEO\�ORZHU��'1$�OHVLRQV�LQ�KHSDWRF\WHV�
were also decreased.

8.7.10 NARINGENIN

1DULQJHQLQ� LV� D� IODYDQRQH��ZKLFK� LV� IRXQG� LQ� JUDSHIUXLW�� DQG� RWKHU� FLWUXV�
IUXLWV�DQG�SODQWV��VXFK�DV��WRPDWR��RUDQJHV��OHPRQV��DQG�VZHHW�OLPH��

5R\�HW�DO��>��@�VWXGLHG�GHWR[LI\LQJ�SRWHQWLDO�RI�FLWUXV�EDVHG�QDULQJHQLQ�
against As-treated Swiss albino mice. In the placebo group, As trioxide (@ 
3 mg kg±O��ZDV�RUDOO\�DGPLQLVWHUHG� IRU�FRQWLQXRXV����GD\V�� ,Q� WKH�H[SHUL-
mental group, Naringenin (@ 5 mg kg±O and 10 mg kg±O��ZDV�RUDOO\�JLYHQ�
WR�PLFH�DW����PLQ�SULRU�WR�WKH�RUDO�DGPLQLVWUDWLRQ�RI�$V�WULR[LGH��#���PJ�
kg±O). On the 15th�GD\��QXPEHU�RI�SK\VLFDO��ERG\�ZHLJKW�DQG�RUJDQ�ZHLJKWV��
and biochemical parameters (ALAD content, hemoglobin content, blood 
FRUSXVFOHV� FRXQWV�� DVSDUWDWH� DPLQRWUDQVIHUDVH�� DODQLQH� DPLQRWUDQVIHUDVH��
alkaline phosphatase, serum bilirubin, total protein content, hepatic, and 
UHQDO� WLVVXH� DQWL�R[LGDWLYH� SRWHQWLDO�� JOXWDWKLRQH� OHYHOV� DQG� DQWL�R[LGDWLYH�
HQ]\PH�DFWLYLW\��ZHUH�REVHUYHG��7KH�RUDO�IHHGLQJ�RI�QDUJLQLQLQ�$V�H[SRVHG�
mice markedly brought down their body mass indices, organ weight, hema-
WRORJLFDO��DQG�EORRG�VHUXP�SUR¿OHV�WR�QRUPDO�OHYHOV�DQG�DSSUHFLDEO\�DGMXVWHG�
DOO�RI�WKH�KHSDWLF�DQG�UHQDO�WLVVXH�ELRFKHPLFDO�SDUDPHWHUV�DQG�H[WHQW�RI�'1$�
IUDJPHQWDWLRQ�LQ�$V�H[SRVHG�PLFH�

8.8 EMERGING ISSUES AND FUTURE PERSPECTIVES

)RU�WKHLU�DQWL�FDQFHU�FKDUDFWHULVWLFV��WKH�SODQW�EDVHG�ELRDFWLYH�FRPSRXQGV�
�RU� SK\WRFKHPLFDOV�� DUH� EHLQJ� ZLGHO\� LQYHVWLJDWHG�� 'HVSLWH� WKH� H[FHO-
OHQW� DQWLFDQFHU� SRWHQWLDO� RI� YDULRXV� SK\WRFKHPLFDOV�� ORZ� VROXELOLW\� LQ�
DTXHRXV�HQYLURQPHQW�DQG� LQVXIILFLHQW�ELRDYDLODELOLW\� OLPLW� WKH�HIILFDF\�RI�
SK\WRFKHPLFDOV��7KLV� LV� DPRQJ� WKH�PDMRU� FKDOOHQJHV� LQ� WKLV� DUHD�RI� IRRG�
biotechnology.

$FFRUGLQJ�WR�8��6��)RRG�DQG�'UXJ�$GPLQLVWUDWLRQ��)'$���ELRDYDLODELOLW\�
LV� ³the rate and extent to which the therapeutic moiety is absorbed and 
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becomes available to the site of drug action´�>�@��7KLV�PDNHV� WKHLU�DFWLRQ�
LQH൵HFWLYH�GXH�WR�WKH�ODFN�RI�WDUJHWHG�DFWLRQ��7KHLU�DEVRUSWLRQ�LQ�WKH�ERG\�
V\VWHP�LV�RIWHQ�QRW�VDWLVIDFWRU\�DQG�ODUJH�GRVHV�RI�VXFK�SK\WRFKHPLFDOV�DUH�
H[FUHWHG�IURP�WKH�ERG\�>��@�

5HVHDUFK� UHSRUWV� VXJJHVW� WKDW� FRPELQDWRULDO� DFWLRQ� RI� YDULRXV� SK\WR-
FKHPLFDOV�FDQ�KHOS� LQ�PDNLQJ� WKHP�PRUH�ELRDYDLODEOH� WR� WKH� V\VWHP��7KH�
HPHUJHQFH�RI�QDQRWHFKQRORJ\�LV�QRZ�WU\LQJ�WR�RYHUFRPH�WKLV�FKDOOHQJH�

7KHUH� KDV� EHHQ� H[KDXVWLYH� UHVHDUFK� RQ� QDQR�SDUWLFOH� PHGLDWHG� GUXJ�
GHOLYHU\�IRU�FDQFHU��,Q�FRPSDULVRQ�ZLWK�WKHLU�IUHH�IRUP��WKH�SK\WRFKHPLFDOV�
DUH� PRUH� VROXEOH� DQG� ELR�DYDLODEOH� ZKHQ� GHOLYHUHG� E\� WKH� QDQR�FDUULHUV�
and exhibit heightened action on tumor cells. Besides nanoparticles, the 
YDULRXV� FDUULHUV� DUH� XVHG� VXFK� DV�� PLFHOOHV�� GHQGULPHUV�� DQG� OLSRVRPHV��
)XUWKHU��QDQRSDUWLFOH�PHGLDWHG�GHOLYHU\�VLJQL¿FDQWO\�UHGXFHV�GRVDJH�RI�WKH�
SK\WRFKHPLFDO��7DNHQ�WRJHWKHU��H[WHQVLYH�VFLHQWL¿F�UHVHDUFK�RQ�WKHVH�SK\WR-
FKHPLFDOV� GHOLYHUHG� WKURXJK� QDQR�FDUULHUV� IRVWHU� WKH� SRWHQWLDO� RI� ³FDQFHU�
QDQRWHFKQRORJ\�´�ZKLFK�ZLOO�HSLWRPL]HQDQR�FDUULHUV�DV�PRUH�RI�D�FRPEDWDQW�
LQ�WKH�LPSURYLVDWLRQ�RI�FDQFHU�FKHPRWKHUDS\�E\�FXUWDLOLQJ�XQGHVLUDEOH�VLGH�
H൵HFWV�DQG�ERRVWLQJ�WDUJHWHG�GUXJ�GHOLYHU\�>��@�

8.8.1 ENCAPSULATION AND IMMOBILIZATION OF 
PHYTOCHEMICALS

7KUHH�JHQHUDO�GUDZEDFNV�RI�WKH�DGPLQLVWUDWLRQ�RI�SK\WRFKHPLFDOV�DUH�>��@�

• 3K\WRFKHPLFDOV� GR� QRW� KDYH� ORQJ�WHUP� VWDELOLW\� DQG� DUH� OLJKW� DQG�
KHDW�VHQVLWLYH�

• 3RO\SKHQROV� DUH� VSDULQJO\� VROXEOH� LQ�ZDWHU� DQG� KHQFH� KDYH� D� SRRU�
ELRDYDLODELOLW\��DQG

• 3K\WRFKHPLFDOV� RIWHQ� KDYH� D� YHU\� ELWWHU� WDVWH�� PDNLQJ� LW� KDUG� WR�
administer orally.

5HVHDUFKHUV�KDYH�FUHDWHG�QXPEHU�RI�GHOLYHU\�V\VWHPV�DQG�VWDELOL]DWLRQ�
WHFKQLTXHV� WR� DYRLG� WKHVH� GHWULPHQWV�� $PRQJ� WKH� DYDLODEOH� PHWKRGV� RI�
GHOLYHU\�V\VWHPV��HQFDSVXODWLRQ�LV�D�SURPLVLQJ�DQG�H[FLWLQJ�RSWLRQ��(QFDS-
VXODWLRQ� LQYROYHV� FRDWLQJ� WKH� SK\WRFKHPLFDO� RI� LQWHUHVW� ZLWK� QDWXUDO�� RU�
DUWL¿FLDO��ELRGHJUDGDEOH�SRO\PHUV��RU�OLSLGV�>�@��1XPEHUV�RI�HQFDSVXODWLRQ�
PHWKRGV�KDYH�EHHQ�GHYHORSHG��VXFK�DV�

• 3K\VLFDO�PHWKRGV��ZKLFK�LQFOXGH�VSUD\�GU\LQJ��H[WUXVLRQ�VSKHURQL]D-
WLRQ��PHWKRGV�WKDW�XVH�VXSHUFULWLFDO�IOXLGV��HWF�
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• Physicochemical methods, which include spray-cooling, hot melt 
FRDWLQJ��LRQLF�JHODWLRQ��VROYHQW�HYDSRUDWLRQ�H[WUDFWLRQ��HWF�

• &KHPLFDO�PHWKRGV��ZKLFK�LQFOXGH�LQWHUIDFLDO�SRO\PHUL]DWLRQ��in situ 
SRO\PHUL]DWLRQ��LQWHUIDFLDO�FURVV�OLQNLQJ��HWF�

5HFHQW� DGYDQFHV� LQFOXGH� WKH� GHVLJQ� RI� (GLEOH� 1DQR�HQFDSVXODWLRQ�
9HKLFOHV�>���@�IRU�LPPRELOL]DWLRQ�DQG�GHOLYHU\�RI�SK\WRFKHPLFDOV��,W�JUHDWO\�
HQKDQFHV� WKH�ELRDYDLODELOLW\�RI� WKH�SK\WRFKHPLFDOV��DQG�DOVR� LPSDFWV� WKHLU�
ELR�H൶FDF\�E\�LQÀXHQFLQJ�WKHLU�ELR�GLVWULEXWLRQ�DQG�UHQGHUV�WKHP�VWDELOLW\�
in the gut.

:KLOH�D�QXPEHU�RI�FKHPLFDO�VXEVWDQFHV�KDYH�EHHQ�XVHG�IRU�HQFDSVXODWLRQ�
�VXFK�DV��VLOLFD��PDJQHWLF�FRPSRXQGV��HWF����QXPEHU�RI�QDWXUDO�SURWHLQV�OLNH�
VR\�SURWHLQ�KDYH�DOVR�EHHQ�XVHG�>������@�

8.9 SUMMARY

1XPEHU� RI� VXFK� KHUEDO� IRUPXODWLRQV� DUH�PRUH� SURSK\ODFWLF� WKDQ� WKHUD-
SHXWLF�DJDLQVW�$V�PHGLDWHG�WR[LFLW\��LQGLFDWLQJ�D�UROH�LQ�FKHPRSUHYHQWLRQ�
RU�DGMXYDQW�WKHUDS\��1HYHUWKHOHVV��D�ORQJ�SDWK�UHPDLQV�WR�EH�IROORZHG�LQ�
WKLV�GLUHFWLRQ�RI�WR[LFRORJLFDO�UHVHDUFK��)XUWKHU�UHVHDUFK�QHHGV�WR�EH�GRQH�
VR�WKDW�WKH�PHFKDQLVPV�RI�DFWLRQ�RI�WKHVH�SK\WRFKHPLFDOV�DUH�FOHDUO\�XQGHU-
VWRRG��%HIRUH�WKHVH�SK\WRFKHPLFDOV�FRXOG�EH�UHFRPPHQGHG�DV�PHGLFLQDO�
VXSSOHPHQWV��VRPH�DVSHFWV�QHHG�WR�EH�UHYLHZHG��7KH�ELRORJLFDO� LQWHUDF-
tions occur between the phytochemicals and other in vivo complexes, and 
the signals being generated need to be studied. Finally, the appropriate 
GRVDJH�RI�WKH�SK\WRFKHPLFDOV�WKDW�FDQ�EH�FOLQLFDOO\�UHFRPPHQGHG�QHHG�WR�
be established.
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PLANT SECONDARY METABOLITES: 
COMMERCIAL EXTRACTION, 
PURIFICATION, AND HEALTH 
BENEFITS

TSEGA Y. MELESSE, TESFAYE F. BEDANE, and FRANCESCO DONSÌ

CHAPTER 9

ABSTRACT

3ODQW�VHFRQGDU\�PHWDEROLWHV�LQFOXGH�ELRDFWLYH�FRPSRXQGV��VXFK�DV�WHUSHQHV��
DONDORLGV��SRO\SKHQROV��JOXFRVLQRODWHV��DQG�FDURWHQRLGV��$SDUW�IURP�FRQYHQ-
WLRQDO� H[WUDFWLRQ� PHWKRGV� �H�J��� VR[KOHW� DQG� PDFHUDWLRQ��� VHYHUDO� QRYHO�
WHFKQRORJLHV�ZLWK�EDVLF�H[WUDFWLRQ�SURFHVVHV�KDYH�EHHQ�GHYHORSHG�WR�H[WUDFW�
VHFRQGDU\�PHWDEROLWHV�IURP�YDULRXV�SODQW�SDUWV�DQG�VRXUFHV��6XFK�H[WUDFWLRQ�
PHWKRGV� DUH� KLJK� SUHVVXUH�DVVLVWHG� �+3$��� QHJDWLYH� SUHVVXUH� FDYLWDWLRQ�
DVVLVWHG� �13&$��� KLJK�SUHVVXUH� KRPRJHQL]DWLRQ�DVVLVWHG� �+3+$��� KLJK�
YROWDJH�HOHFWULFDO�GLVFKDUJH�DVVLVWHG��+9('$���PLFURZDYH�DVVLVWHG��0$���
XOWUDVRXQG�DVVLVWHG��8$���PRGHUDWH�HOHFWULF�ILHOG�DVVLVWHG�H[WUDFWLRQ��0()$��
DQG� SXOVHG� HOHFWULF� ILHOG�DVVLVWHG� �3()$��� HQ]\PH�DVVLVWHG� �($��� DQG�
FKHPLFDO�SUHWUHDWPHQW�PHWKRGV��7KHUHIRUH��DSSOLFDWLRQV�RI�SODQW�VHFRQGDU\�
PHWDEROLWHV�LQ�SKDUPDFHXWLFDOV��IRRGV��DQG�FRVPHWLFV�DUH�QRWHZRUWK\��7KLV�
FKDSWHU�IRFXVHV�RQ� WKH�FKDUDFWHULVWLFV�RI�VHOHFWHG�SODQW�VHFRQGDU\�PHWDER-
OLWHV��WHFKQRORJLHV�IRU�WKHLU�LQGXVWULDO�SURGXFWLRQ��DQG�DSSOLFDWLRQV�

9.1 INTRODUCTION

+LVWRULFDOO\��SODQWV�RU�KHUEV�DUH�XVHG�DV�D�IXQFWLRQDO�IRRG��VRXUFH�RI�SKDUPD-
FHXWLFDOV�RU�PHGLFLQH��DQG� LQJUHGLHQWV�RI�FRVPHWLFV�DQG� IUDJUDQFH� >�������@��
3ULPDU\�PHWDEROLWHV�RI�SODQWV�LQFOXGH�ORZ�PROHFXODU�ZHLJKW�VXJDU��SRO\VDFFKD-
rides, amino acids, proteins, intermediates in the Krebs cycle, and nucleic acids 
produced by glycolysis, Krebs cycle, photosynthesis, and associated pathways.
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([DPSOHV�RI�SODQW�VHFRQGDU\�PHWDEROLWHV�DUH� WHUSHQHV��DONDORLGV��SRO\-
SKHQROV��FDURWHQRLGV��JOXFRVLQRODWHV��HWF���>��@��7KHVH�DUH�VWRUHG�DW�LQWUD��DQG�
LQWHU�FHOOXODU�VSDFHV�LQ�OHDI��EDUN��URRW��VWHP��VHHG��HWF��,VRODWLRQ�DQG�H[WUDF-
WLRQ� RI� WKHVH� VHFRQGDU\�PHWDEROLWHV� KDV� UHFHLYHG� VLJQL¿FDQW� DWWHQWLRQ� GXH�
WR� WKHLU� VHYHUDO�KHDOWK�EHQH¿WV� >�@��)LJXUH����� LQGLFDWHV�YDULRXV�PHWDEROLF�
pathways in plants.

+RZHYHU��SODQW�VHFRQGDU\�PHWDEROLWHV�DUH�LPSRUWDQW�EXW�DUH�QRW�HVVHQWLDO�
IRU�WKH�JURZWK�RI�D�SODQW��7KH\�DUH�XVHIXO�DV�QXWULHQWV�IRU�WKHLU�JURZWK�XQGHU�
DGYHUVH�VLWXDWLRQV��SURWHFW�IURP�DELRWLF�VWUHVVHV��RIWHQ�XVHG�IRU�GHIHQVH�SXUSRVH�
DQG�LPSDUW�FKDUDFWHULVWLFV� WR�SODQW��VXFK�DV�� WKH�GHYHORSPHQW�RI�IUDJUDQFH��
FRORU�RI�ÀRZHU�DQG�IUXLW��HWF��)XUWKHUPRUH��VHFRQGDU\�SODQW�PHWDEROLWHV��VXFK�
as, hormones, are important to regulate and signal the metabolic pathways 
DQG�WDNH�D�VLJQL¿FDQW�UROH�LQ�WKH�RYHUDOO�SODQW�GHYHORSPHQW��+RZHYHU��WKHUH�
LV�QR�¿[HG�UXOH�WR�FODVVLI\�WKHVH�SODQW�PHWDEROLWHV�

FIGURE 9.1 0HWDEROLF�F\FOH�IRU�WKH�V\QWKHVLV�RI�SODQW�PHWDEROLWHV�
Source: 6HOI�GHYHORSHG�ZLWK�FRQFHSWV�IURP�5HI��>��@�
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%DVHG� RQ� WKH� RULJLQ� RI� ELRV\QWKHVLV�� SODQW� VHFRQGDU\� PHWDEROLWHV� DUH�
JURXSHG� LQWR� IRXU� PDMRU� FODVVHV�� VXFK� DV�� �D�� WHUSHQH�� �E�� DONDORLG�� �F��
SRO\SKHQRO��G��FDURWHQRLG�DQG��G��VXOIXU�FRQWDLQLQJ�FRPSRXQG��L�H���JOXFR-
sinolates. Either plant secondary metabolites in plant extracts or as a pure 
FRPSRXQG�DUH�DEOH�WR�FXUH�GLVHDVHV�DQG�UHGXFH�ULVN�RI�VHYHUDO�KHDOWK�KD]DUGV�
>���@�� 6HYHUDO� XQLTXH� ELRORJLFDO� DFWLYLWLHV� RI� SODQW� VHFRQGDU\�PHWDEROLWHV�
DUH�� DQWLR[LGDQW�� DQWL�LQÀDPPDWRU\�� DQWLEDFWHULDO�� DQWLYLUDO�� DQWLDOOHUJLF��
DQWLWKURPERWLF��DQWLDJLQJ��DQG�FDUFLQRJHQLFLW\��HWF���>��@�

7KLV�FKDSWHU� IRFXVHV�RQ�VHOHFWHG�SODQW�VHFRQGDU\�PHWDEROLWHV��VXFK�DV��
WHUSHQHV�� DONDORLGV�� SRO\SKHQROV�� FDURWHQRLGV�� DQG� JOXFRVLQRODWHV��� WKHLU�
LQGXVWULDO�SURGXFWLRQ��SXUL¿FDWLRQ��DQG�DSSOLFDWLRQV�LQ�IRRG��ELRSKDUPDFHX-
ticals, and cosmetics.

9.2 CLASSES OF PLANT SECONDARY METABOLITES

9.2.1 TERPENE

7KH�WHUP�µWHUSHQH¶�LV�RULJLQDWHG�IURP�WKH�ZRUG�µWXUSHQWLQH�¶�ZKLFK�DOVR�VLJQL-
ILHV¶�UHVLQ�DFLGV�¶�&KHPLFDOO\�DOO�WHUSHQHV�DUH�GHULYHG�IURP���FDUERQ�LVRSUHQH�
XQLWV�DQG�DUH�DVVHPEOHG�LQ�GLIIHUHQW�ZD\V��7HUSHQHV�DUH�FODVVLILHG�EDVHG�RQ�WKH�
QXPEHU�RI�LVRSUHQH�XQLWV�LQ�D�PROHFXOH��VXFK�DV���D��KHPLWHUSHQHV���E��PRQR-
WHUSHQHV���F��VHVTXLWHUSHQHV���G��GLWHUSHQHV���H��VHVWHUWHUSHQHV���I��WULWHUSHQHV��
(g) sesquiterpenes, (h) tetraterpenes, (i) polyterpenes, and (j) norisoprenoids.

$PRQJ�DOO�SODQW�VHFRQGDU\�PHWDEROLWHV��WHUSHQHV�DUH�WKH�PRVW�GLYHUVH�>��@��
$OO�OLYLQJ�RUJDQLVPV�LQFOXGLQJ�SODQWV�SURGXFH�WHUSHQHV�DV�D�SURGXFW�RI�FHUWDLQ�
HVVHQWLDO�SK\VLRORJLFDO�IXQFWLRQ��,W�KDV�EHHQ�SURYHQ�WKDW�VHOHFWHG�WHUSHQHV�KDYH�
DQWLWXPRU�DFWLYLW\�ZLWK�VOLJKW�RU�QR�VLGH�H൵HFWV�>��@��)XUWKHUPRUH��WHUSHQRLGV�
FDQ�EH�XWLOL]HG�DV�SHVWLFLGHV�DQG�IXQJLFLGHV�LQ�DJULFXOWXUH�DQG�KRUWLFXOWXUH�GXH�
WR�WKHLU�VWURQJ�DQWLPLFURELDO�DQG�LQVHFWLFLGDO�SURSHUWLHV�>��@�

9.2.2 ALKALOIDS

7KH�ZRUG� µDONDORLGV¶� LV� GHULYHG� IURP� WKH�/DWLQ�ZRUG� µDONDOL�¶�$ONDORLGV� DUH�
natural organic compounds that contain mostly basic nitrogen atoms. In 
DGGLWLRQ��WKH\�PD\�DOVR�FRQWDLQ�FDUERQ��K\GURJHQ��VXOIXU��R[\JHQ��DQG�UDUHO\�
RWKHU� HOHPHQWV� �VXFK�DV�� EURPLQH�� FKORULQH�� DQG�SKRVSKRUXV���$ONDORLGV� DUH�
FODVVLILHG� DV�� �D�� WUXH� DONDORLGV�� RULJLQDWHG� IURP� DPLQR� DFLGV� DQG� FRQVLVWHG�
QLWURJHQ� LQ� WKH�KHWHURF\FOH�� �E��SURWRDONDORLGV��RULJLQDWHG�IURP�DPLQR�DFLGV�
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and contained nitrogen, but not the nitrogen heterocycle, (c) polyamine alka-
ORLGV�� GHULYDWLYHV� RI� SXWUHVFLQH�� VSHUPLGLQH�� DQG� VSHUPLQH�� �G�� SHSWLGH� DQG�
F\FORSHSWLGH�DONDORLGV��DQG��H��SVHXGR�DONDORLGV��QRW�RULJLQDWHG�IURP�DPLQR�
DFLGV�EXW�DONDORLG�OLNH�FRPSRXQGV���$ONDORLGV�DUH�XVHIXO�IRU�WKH�GHYHORSPHQW�
RI�SKDUPDFHXWLFDOV��UHODWHG�WR�WKH�QHUYRXV�V\VWHP�DQG�DV�D�SDLQNLOOHU�>�������@��
,Q�DGGLWLRQ��VRPH�DONDORLGV�KDYH�EHHQ�XVHG�DV�LQVHFWLFLGHV�LQ�DJULFXOWXUH�

9.2.3 POLYPHENOLS

7KH�ZRUG� µSRO\SKHQRO¶� LV�GHULYHG� IURP�WKH�/DWLQ�ZRUG� µSROXV�¶�ZKLFK�DOVR�
VLJQLILHV� µPDQ\¶� RU� µPXFK�¶� 3RO\SKHQROV� DUH� PRVW� DEXQGDQW� DQWLR[LGDQWV�
WKDW� FDQ� EH� FODVVLILHG� EDVHG� RQ� WKH� K\GUR[\O� JURXSV� LQ� EHQ]HQH� ULQJV� DQG�
WKH�QXPEHU�RI�SKHQRO�ULQJV��,Q�SRO\SKHQROV��PRUH�WKDQ�RQH�K\GUR[\O�JURXS�
LV�DWWDFKHG�WR�EHQ]HQH�ULQJV�>�������@��7KH�PDLQ�FODVVHV�RI�SRO\SKHQROV�DUH�
SKHQROLF�DFLGV�DQG�IODYRQRLGV��)XUWKHUPRUH��SKHQROLF�DFLGV�DUH�FODVVLILHG�DV�
K\GUR[\EHQ]RLF�DQG�K\GUR[\FLQQDPLF�DFLGV��)ODYRQRLGV�LQFOXGH�DQWKRF\DQL-
dins, aurones, catechins (including proanthocyanidins), dihydrochalcones, 
LVRIODYRQHV�� IODYDQRQHV�� IODYDQV�� IODYRQROV�� DQG� OHXNRDQWKRF\DQLGLQV� >��@��
7KHVH�DUH�SURGXFHG�DV�D�E\�SURGXFW�DORQJ�ZLWK�PHWDEROLF�DEQRUPDOLW\�LQ�WKH�
SODQW��$FFRUGLQJ�WR�UHVHDUFK�VWXGLHV��WKHVH�PROHFXOHV�KDYH�DQWLR[LGDQW�DFWLYLW\�
DQG�GHVWUXFWLYH�EHKDYLRU�RI�UHDFWLYH�R[\JHQ�DQG�QLWURJHQ�VSHFLHV�>�������@��
(SLGHPLRORJLF� UHSRUWV� LQGLFDWH� D� VLJQLILFDQW� UROH� RI� SRO\SKHQROV� WR� SURWHFW�
DJDLQVW� WKH�GHYHORSPHQW�RI�GLVHDVHV� LQFOXGLQJ�FDUGLRYDVFXODU�� FDQFHU�� ERWK�
7\SH�,��DQG�7\SH�,,�GLDEHWHV��LQIODPPDWLRQ��DJLQJ��DVWKPD��HWF���>�������@�

9.2.4 CAROTENOIDS

&DURWHQRLGV�DUH�SLJPHQWV�VROXEOH�LQ�IDW�KDYLQJ�DQWLR[LGDQW�SURSHUWLHV�>��@�
DQG� DGGLWLRQDO� SK\VLRORJLFDO� UROH� LQ� LPPXQRVWLPXODQWLRQ� >��@�� 'LIIHUHQW�
FODVVHV� RI� FDURWHQRLGV� DUH�� �D�� FDURWHQHV� �K\GURFDUERQV� ZLWKRXW� R[\JHQ��
VXFK�DV�ȕ�FDURWHQH��Į�FDURWHQH�DQG�O\FRSHQH��DQG��E��[DQWKRSK\OOV��R[\JHQ�
FRQWDLQLQJ� FRPSRXQGV�� VXFK� DV� OXWHLQ� DQG� ]HD[DQWKLQ��� ,Q� WKH� SODQW��
carotenoids take part in photosynthesis, absorb heat and protect the plant. 
)RXU� GLIIHUHQW� W\SHV� RI� FDURWHQRLGV� �LQFOXGLQJ� Į�FDURWHQH�� ȕ�FDURWHQH� DQG�
Ȗ�FDURWHQH��DQG�ȕ�FU\SWR[DQWKLQ��DUH�FRQVLGHUHG�DV�SUHFXUVRUV�RI�YLWDPLQ�$�LQ�
RXU�ERG\��5HDFWLRQ�RI�FDURWHQRLGV�ZLWK�UDGLFDO�VSHFLHV�LQ�D�ELRORJLFDO�V\VWHP�
UHGXFHV� WKH� VWUHVV� >��@�� 5HVHDUFK� KDV� VKRZQ� WKH� SRVVLELOLW\� RI� ORZHULQJ�
FKURQLF�LOOQHVV�E\�FRQVXPLQJ�GLHWV��ULFK�RU�IRUWLILHG�ZLWK�FDURWHQRLGV�>��@�
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9.2.5 GLUCOSINOLATES

*OXFRVLQRODWHV�DUH�SODQW�VHFRQGDU\�PHWDEROLWHV��FRQWDLQ�VXOIXU�DQG�QLWURJHQ��
IRXQG� LQ� VHYHUDO� YHJHWDEOHV� �VXFK� DV�� FDEEDJH�� EURFFROL��PXVWDUG�� FDSHUV��
ZDWHUFUHVV�� KRUVHUDGLVK�� DQG� UDGLVKHV���7KHVH�PROHFXOHV� DUH� GHULYHG� IURP�
DPLQR�DFLG�DQG�JOXFRVH�>��@�DQG�DUH�ZHOO�NQRZQ�IRU�WKHLU�LQVHFWLFLGH��DQWL-
PLFURELDO��DQWLR[LGDQW��DQWL�LQIODPPDWRU\��DQG�F\WRSURWHFWLYH�DFWLYLWLHV�>��@�

In some cases, based on the chemical composition, plant secondary metab-
ROLWHV�DUH�FODVVL¿HG�DV��D��DONDORLGV���E��DONDPLGHV���F��DPLQHV��G��DPLQR�DFLGV��
�H��F\DQRJHQLF�JO\FRVLGHV���I��JOXFRVLQRODWHV���J��OHFWLQV��SHSWLGHV��DQG�SRO\-
SHSWLGHV���K��VWHURLGV�DQG�VDSRQLQV���L��WHUSHQHV���M��ÀDYRQRLGV�DQG�WDQQLQV���N��
phenylpropanoids, lignins, coumarins, and lignans, (l) polyacetylenes, waxes, 
DQG�IDWW\�DFLGV���P��SRO\NHWLGHV�DQG��Q��FDUERK\GUDWHV�DQG�RUJDQLF�DFLGV��7KH�
VRXUFHV�DQG�ELRORJLFDO�DFWLYLWLHV�RI�GL൵HUHQW�SODQW�VHFRQGDU\�PHWDEROLWHV�DUH�
VKRZQ�LQ�7DEOH�����

TABLE 9.1 6RXUFHV�DQG�%HQHILFLDO�$FWLYLWLHV�RI�3ODQW�6HFRQGDU\�0HWDEROLWHV

Plant Secondary 
Metabolites

Sources Beneficial Activities References

Carotenoids 3ODVWLGV�RI�URRWV��VWHP��
IORZHUV��IUXLWV��DQG�VHHGV�

Antioxidant and prooxidant 
HIIHFWV��SURYLWDPLQ�DFWLYLWLHV��
WKHUDSHXWLF�HIIHFWV

�>��@

Glucosinolates &UXFLIHURXV�IDPLOLHV�
Brassicaceae, Capparaceae, 
and Caricaceae

Antimicrobial, antioxidant, 
DQWL�LQIODPPDWRU\��DQG�
F\WRSURWHFWLYH�DWWULEXWHV

�>��@

Polyphenols )UXLWV��YHJHWDEOHV��FHUHDOV��
DQG�EHYHUDJHV��7HD��UHG�
ZLQH��FRIIHH��YHJHWDEOHV��
leguminous plants, and 
cereals.

Antioxidants, protection 
DJDLQVW�WKH�GHYHORSPHQW�RI�
chronic diseases. Antioxidant 
DFWLYLW\��GHYHORSPHQW�RI�
IXQFWLRQDO�IRRGV

�>������@

7HUSHQHV /DPLDFHDH��FRQLIHUDH��
compositae, leguminoseae, 
taxaceae

$QWLWXPRU��DQWL�LQIODPPD-
tory, immunomodulatory, 
cardiac, and antithrombotic, 
endocrine

�>�@

9.3 ISOLATION AND RECOVERY OF PLANT SECONDARY 
METABOLITES

$PRQJ�DOO�W\SHV�RI�XQLW�RSHUDWLRQV��H[WUDFWLRQ�LV�ZLGHO\�XVHG�DV�D�XQLW�RSHUD-
WLRQ�LQ�IRRG�DQG�ELRWHFKQRORJ\�LQGXVWULHV�IRU�WKH�SURGXFWLRQ�DQG�SXULILFDWLRQ�
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RI�VHYHUDO�PHGLFLQDO�RU� IXQFWLRQDO�FRPSRXQGV�IURP�WKH�FUXGH�PDWUL[��7KH�
WDUJHW�SODQW�VHFRQGDU\�PHWDEROLWHV�DUH�JHQHUDOO\�IRXQG�LQWHU��RU�LQWUD�FHOOXODU�
SRVLWLRQV�ZLWK�D�FRPSOH[�PLFURVWUXFWXUH��7KXV��LQFUHDVH�LQ�WKH�SHUPHDELOLW\�
RI�FHOO�ZDOO�DQG�PHPEUDQH�LV�UHTXLUHG�WR�LPSURYH�WKH�H[WUDFWLRQ�UDWH�DQG�\LHOG�
RI�VHFRQGDU\�PHWDEROLWHV�IURP�WKH�SODQW�WLVVXH��([WUDFWLRQ�KDV�EHHQ�LGHQWL-
ILHG�DV�DQ�HVVHQWLDO�VWHS�WR�UHFRYHU�WKH�GHVLUHG�FKHPLFDO�FRPSRQHQWV�IURP�WKH�
SODQW�PDWHULDOV�IRU�IXUWKHU�VHSDUDWLRQ�>������������@��,Q�JHQHUDO��WKH�H[WUDFWLRQ�
WHFKQRORJLHV�RI�VHFRQGDU\�PHWDEROLWHV�FDQ�EH�GLYLGHG�LQWR�WZR�VXEFODVVHV��
�D��FRQYHQWLRQDO� WHFKQRORJ\�DQG� �E��HPHUJLQJ�RU�QRYHO� WHFKQRORJ\��7KHVH�
WHFKQRORJLHV��ERWK�FRQYHQWLRQDO�DQG�QRYHO��IRU�LVRODWLRQ�DQG�SXULILFDWLRQ�RI�
VHFRQGDU\�PHWDEROLWHV�IURP�WKH�SODQW�PDWUL[�DUH�VKRZQ�LQ�7DEOH�����

TABLE 9.2 *HQHUDO�3URFHVVHV�DQG�2SHUDWLRQV�IRU�WKH�5HFRYHU\�RI�3ODQW�6HFRQGDU\�0HWDEROLWHV

Steps Processes Operations
First Extraction &RQYHQWLRQDO�RUJDQLF�VROYHQW�EDVHG�H[WUDFWLRQ��

Soxhlet, Maceration, EA, PEFA, HVEDA, HPA, 
NPCA, HPHA, MA, UA, MEFA

Second 6HSDUDWLRQ�)UDFWLRQDWLRQ 0HPEUDQH�EDVHG�VHSDUDWLRQ��QDQRILOWUDWLRQ��XOWUD�
ILOWUDWLRQ��PLFURILOWUDWLRQ�
&KURPDWRJUDSKLF�SURFHVV��LRQ�H[FKDQJH�FKURPDWRJ-
raphy, membrane chromatography, silica-gel column 
chromatography

7KLUG� Concentration 'LVWLOODWLRQ��HYDSRUDWLRQ��IUHH]H�GU\LQJ��PHPEUDQH�
SURFHVVHV�ZLWK�UHYHUVH�RVPRVLV��IRUZDUG�RVPRVLV�

Source: 6HOI�GHYHORSHG�ZLWK�LQIRUPDWLRQ�IURP�5HIV��>������������@�

9.3.1 CONVENTIONAL TECHNOLOGIES

9.3.1.1 SOLVENT-BASED EXTRACTION

&RQYHQWLRQDO� H[WUDFWLRQ� RI� SODQW� VHFRQGDU\� PHWDEROLWHV� FRQVLVWV� RI� D�
solid-liquid and liquid-liquid extraction process. Soxhlet and maceration 
are commonly used technologies on a small laboratory-scale extrac-
WLRQ�SURFHVV��6R[KOHW� H[WUDFWLRQ� LV� SHUIRUPHG�ZLWK� RUJDQLF� VROYHQWV�� )RU�
DQ\� WDUJHW� SODQW� VHFRQGDU\�PHWDEROLWH�� WKH� H[WUDFWLRQ� \LHOG� VLJQLILFDQWO\�
GHSHQGV�RQ� WKH�FKHPLFDO�QDWXUH�RI� WKH� VROYHQW� DQG�FKDUDFWHULVWLFV�RI� WKH�
WDUJHWHG� FRPSRXQG� >��@�� +HQFH�� WKH� VHOHFWLRQ� RI� VROYHQW� DQG� H[WUDFWLRQ�
WHFKQLTXH�DUH�FKRVHQ�DFFRUGLQJ�WR� WKH�VSHFLILF�QDWXUH�RI�SODQW�VHFRQGDU\�
PHWDEROLWH�>��@�
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&ULWHULD� IRU� WKH� VHOHFWLRQ�RI� D� VXLWDEOH� VROYHQW� IRU� D� SDUWLFXODU� SXUSRVH�
LQFOXGH�� OHVV� WR[LFLW\�� YRODWLOLW\�� DQG� KLJK� GLVWULEXWLRQ� FRH൶FLHQW��$FFRUG-
LQJO\��KH[DQH��PHWKDQRO��FKORURIRUP��HWKDQRO��ZDWHU��HWKHU��DQG�DFHWRQH�DUH�
FRPPRQO\�XVHG�VROYHQWV�GXULQJ�WKH�H[WUDFWLRQ�RI�SODQW�VHFRQGDU\�PHWDER-
OLWHV��3URSHUWLHV�RI�WKH�VROYHQW�GXULQJ�H[WUDFWLRQ�SURFHVVHV�FDQ�D൵HFW�IXUWKHU�
GRZQVWUHDP� SURFHVVLQJ�� $OWKRXJK� FRQYHQWLRQDO� VROYHQW�EDVHG� H[WUDFWLRQ�
WHFKQRORJ\�LV�H൵HFWLYH�IRU�WKH�H[WUDFWLRQ�RI�SODQW�VHFRQGDU\�PHWDEROLWHV��\HW�
LQ� VRPH�FDVHV�� LW�PD\� FDXVH� WKH�GHJUDGDWLRQ�RI� KHDW�VHQVLWLYH� FRPSRXQGV�
DQG�R൵HU�D�FKDQFH�WR�FRQWDPLQDWH�ZLWK�D�WR[LF�VROYHQW��7KH�PHWKRG�UHTXLUHV�
ORQJHU� SURFHVVLQJ� WLPHV�� KLJKHU� SRZHU�� DQG� WKH� DPRXQW� RI� VDPSOH� DQG�
VROYHQW�>��@��6RPH�H[DPSOHV�RI�VROYHQW�EDVHG�H[WUDFWLRQ�RI�SODQW�VHFRQGDU\�
PHWDEROLWHV�DUH�VKRZQ�LQ�7DEOH�����

TABLE 9.3 ([WUDFWLRQ�RI�3ODQW�6HFRQGDU\�0HWDEROLWHV�E\�8VLQJ�'LIIHUHQW�6ROYHQWV

Solvent Plant Secondary Metabolite
Acetone )ODYRQRLG
&KORURIRUP )ODYRQRLG��WHUSHQRLG
Dichloromethanol )ODYRQRLG
Ethanol 7DQQLQ��DONDORLG��SRO\SKHQRO��IODYDQRO��WHUSHQRLG
Ether Alkaloid, terpenoids
Methanol $QWKRF\DQLQ��IODYRQHV��WHUSHQRLG��VDSRQLQV��WDQQLQV��SRO\SKHQROV
Water Anthocyanin, terpenoids, tannins, saponins

Source: 6HOI�GHYHORSHG�XVLQJ�LQIRUPDWLRQ�IURP�5HIV��>�������@�

9.3.2 NOVEL TECHNOLOGIES

,Q� UHFHQW� \HDUV�� WKH� XVH� RI� HPHUJLQJ� DQG� LQQRYDWLYH� WHFKQRORJLHV� IRU� WKH�
H[WUDFWLRQ�RI�SODQW�VHFRQGDU\�PHWDEROLWHV�KDYH�VKRZQ�VLJQLILFDQW�DGYDQFH-
PHQWV�>��@��6HYHUDO�SUHWUHDWPHQW�PHWKRGV��VXFK�DV��SK\VLFDO��ELRORJLFDO��DQG�
FKHPLFDO� WUHDWPHQWV�DUH�FDSDEOH� WR� LPSURYH�FHOO�VWUXFWXUH�DQG� WR� LQFUHDVH�
WKH� SHUPHDELOLW\� RI� PHPEUDQH� GXULQJ� WKH� H[WUDFWLRQ� RI� SODQW� VHFRQGDU\�
metabolites.

([WUDFWLRQ�ZLWK� GL൵HUHQW� SK\VLFDO�PHWKRGV�� H�J���+3$� >���� ��@��13&$�
>�����������@��KLJK�SUHVVXUH�KRPRJHQL]DWLRQ�DVVLVWHG� �+3+$�� >���������@��
PLFURZDYH�DVVLVWHG��0$��SURFHVV�>�������������������������@��8$�>�������
�������������@��0()$�>���������������@��SXOVHG�HOHFWULF�¿HOG�DVVLVWHG��3()$��
>�������������������@�DQG�+9('$�>������@�KDYH�UHFHLYHG�VLJQL¿FDQW�DWWHQWLRQ��
%HVLGH�WKHVH�SK\VLFDO�PHWKRGV��H[WUDFWLRQ�SURFHVV�ZLWK�GL൵HUHQW�HQ]\PHV�DUH�
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XVHG�WR�EUHDN�IRU�WKH�FHOO�VWUXFWXUH�DQG�WR�UHOHDVH�WKH�VHFRQGDU\�PHWDEROLWHV�
IURP�FHOO�PDWUL[�>������������������@��,Q�D�VLPLODU�PDQQHU��H[WUDFWLRQ�ZLWK�
chemical pretreatment has been used to increase the inner or outer membrane 
SHUPHDELOL]DWLRQ�DQG�WR�GHFUHDVH�WKH�RYHUDOO�LQWHUQDO�UHVLVWDQFH�IRU�UHOHDVLQJ�
SODQW�VHFRQGDU\�PHWDEROLWHV�IURP�PDWUL[�>������@�

(PHUJLQJ�WHFKQRORJLHV�DUH�FRQVLGHUHG�DV�D�KDOOPDUN�LQ�WKH�SODWIRUP�RI�
µSURFHVV�LQWHQVL¿FDWLRQ�¶�1RYHO�H[WUDFWLRQ�WHFKQLTXHV�DUH�DSSOLFDEOH�IRU�WKH�
H[WUDFWLRQ�RI�GL൵HUHQW�FODVVHV�RI�SODQW�VHFRQGDU\�PHWDEROLWHV��ZLWK�VSHFL¿F�
UHTXLUHPHQWV�LQ�WHUPV�RI�ORZ�WHPSHUDWXUH�SURFHVVLQJ�>��@DQG�ORZHU�XVH�RI�
RUJDQLF�VROYHQWV�>��@��7KHVH�WHFKQLTXHV�KDYH�EHHQ�XVHG�WR�HQKDQFH�WKH�PDVV�
WUDQVIHU�DQG�LQFUHDVH�RI�H[WUDFWLRQ�\LHOG�DQG�UHGXFH�WKH�HQHUJ\�FRQVXPSWLRQ�
GXULQJ�WKH�H[WUDFWLRQ�RI�SODQW�VHFRQGDU\�PHWDEROLWHV�>��@��0RGL¿FDWLRQV�RI�
WKH�H[WUDFWLRQ�PHWKRGV�DUH�VWLOO�XQGHU�GHYHORSPHQW�DFFRUGLQJ�WR�WKH�FKRLFH�
RI�UHVHDUFKHU�IRU�D�VSHFL¿F�SXUSRVH�>�@�

9.3.2.1 EXTRACTION WITH ENZYMATIC TREATMENT

,Q�HQ]\PDWLF�H[WUDFWLRQ��K\GURO\WLF�HQ]\PHV�ZLWK�KLJKO\�VSHFLILHG�FDWDO\WLF�
DFWLYLW\�DUH�HPSOR\HG�LQ�WKH�GLVUXSWLRQ�RI�SODQW�PDWUL[�EHIRUH�WKH�H[WUDFWLRQ�
VWDJH�� ,W� SURYLGHV�EHWWHU� TXDQWLW\� RI� \LHOG� FRPSDUH� WR�SULPLWLYH� H[WUDFWLRQ�
SURFHVV� >���� ���� ���� ���� ��@�� ,Q� WKLV� FRQWH[W�� FRPPRQO\� XVHG� K\GURO\WLF�
HQ]\PHV�DUH�SURWHDVHV��FHOOXODVHV��OLSDVHV��DQG�DP\ODVHV��,Q�)LJXUH������WKH�
HQ]\PDWLF� H[WUDFWLRQ� SURFHVV� IRU� WKH� H[WUDFWLRQ� RI� SODQW�EDVHG� VHFRQGDU\�
metabolites is represented.

7KH� VWXG\� KDV� UHSRUWHG� WKDW� VLJQL¿FDQW� LPSURYHPHQW� LQ� WKH� UHOHDVH� RI�
SKHQROLF� FRPSRXQGV� IURP� WKH� K\GUR�GLVWLOOHG� UHVLGXDO� OHDYHV� DIWHU� HQ]\-
PDWLF�SUHWUHDWPHQW� >��@��7KH�HQ]\PDWLF�H[WUDFWLRQ�KDV�DOVR�EHHQ�H൵HFWLYH�
WR� LQFUHDVH� WKH� H[WUDFWLRQ� H൶FLHQF\�RI� SRO\SKHQROV� IURP�FLWUXV�SHHO� >��@��
EODFNFXUUDQW�>��@��JLQJHU�>��@�DQG�FDURWHQRLGV�IURP�PDULJROG�ÀRZHU�>��@�

9.3.2.2 EXTRACTION ASSISTED WITH PULSED ELECTRIC FIELD 
(PEFA)

3()$� H[WUDFWLRQ� KDV� VLJQLILFDQW� SRWHQWLDO� WR� LPSURYH� FHOO� SHUPHDELOLW\� RI�
PHPEUDQH� WKURXJK� D� SKHQRPHQRQ� RI� LUUHYHUVLEOH� HOHFWURSRUDWLRQ�� ,Q� WKLV�
PHWKRG�� WKH� DSSOLFDWLRQ�RI�PRGHUDWH� HOHFWULF� ILHOG� VWUHQJWK�ZLWK����� WR����
N9�FP� IRU� PLFURVHFRQGV� LQFUHDVHV� WKH� SRUH� VL]H� LQ� FHOO� PHPEUDQHV� DQG�
GLVUXSWV�WKH�FHOOXODU�PHPEUDQH��ZKLFK�LQFUHDVH�WKH�SHUPHDELOL]DWLRQ�RI�SODQW�
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PHWDEROLWHV�IURP�PDWUL[�>������@��)LJXUH�����VKRZV�3()$�H[WUDFWLRQ�SURFHVV�
IRU�WKH�H[WUDFWLRQ�RI�SODQW�VHFRQGDU\�PHWDEROLWHV�

FIGURE 9.2 ($�H[WUDFWLRQ�SURFHVV�IRU�WKH�UHFRYHU\�RI�VHFRQGDU\�PHWDEROLWHV�IURP�SODQWV�
Source: 6HOI�GHYHORSHG�ZLWK�FRQFHSWV�IURP�5HIV��>������@�

FIGURE 9.3 3()$�H[WUDFWLRQ�SURFHVV�IRU�WKH�UHFRYHU\�RI�VHFRQGDU\�PHWDEROLWHV�IURP�SODQWV�
Source:�6HOI�GHYHORSHG�ZLWK�FRQFHSWV�IURP�5HIV��>������@�
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$FFRUGLQJ�WR�D�UHFHQW�VWXG\��WKH�3()$�H[WUDFWLRQ�SURFHVV�KDV�EHHQ�H൵HF-
WLYHO\� XWLOL]HG� LQ�ZLQHPDNLQJ�SURFHVV� WR� LQFUHDVH� WKH� SRO\SKHQRO� FRQWHQW��
DQWLR[LGDQW�DFWLYLW\�DQG�FRORU�LQWHQVLW\�LQ�UHG�ZLQH�>��@��/LNHZLVH��WKH�3()$�
H[WUDFWLRQ�SURFHVV�ZDV�VDWLVIDFWRULO\�DSSOLHG� LQ�EURZQ�ULFH� WR�H[WUDFW�DQWL-
R[LGDQW�FRPSRXQGV��VXFK�DV��SKHQROLF�DFLGV��SRO\SKHQROV��Ȗ�RU\]DQRO��DQG�
VDWXUDWHG�DQG�XQVDWXUDWHG�IDWW\�DFLGV�>��@�

9.3.2.3 EXTRACTION USING HIGH VOLTAGE ELECTRICAL 
DISCHARGE (HVEDA)

HVEDA extraction is a non-thermal treatment to disrupt cells in liquid 
VDPSOHV�DQG�LW�VXEVHTXHQWO\�LQFUHDVHV�WKH�UHFRYHU\�RI�YDOXDEOH�FRPSRQHQWV�
IURP�WKH�SODQW�PDWUL[��'XULQJ�WKLV�SURFHVV��HQHUJ\�LV�UHOHDVHG�GLUHFWO\�LQWR�
WKH�PHGLXP�WKURXJK�WKH�VXEPHUJHG�HOHFWURGHV��,W�LV�DQ�H[WUHPHO\�GHVWUXFWLYH�
WUHDWPHQW��ZKHUH�HOHFWULF�VKRFN�FRQYHUWV�WR�PHFKDQLFDO�HQHUJ\�DQG�GLVLQWH-
JUDWHV�FHOO�ZDOOV�DQG�FHOO�PHPEUDQHV�>�������������������@��)LJXUH�����VKRZV�
WKH�+9('$�H[WUDFWLRQ�SURFHVV�IRU�WKH�H[WUDFWLRQ�RI�VHFRQGDU\�PHWDEROLWHV�
IURP�SODQWV�

7KLV�PHWKRG�KDV�EHHQ�VDWLVIDFWRULO\�HPSOR\HG�WR�ERRVW� WKH�UHFRYHU\�RI�
SRO\SKHQRO�FRPSRXQGV�IURP�ZKLWH�JUDSH�SRPDFH�>��@��0RUHRYHU��LW�KDV�EHHQ�
XVHG�WR�HQKDQFH�WKH�H[WUDFWLRQ�H൶FLHQF\�RI�SRO\SKHQROV�DQG�SURWHLQV�ZLWK�
PRUH�H൵HFWLYH�HQHUJ\�LQSXWV�WKDQ�WKH�XOWUDVRXQG�DQG�3()$�PHWKRGV�>��@�

FIGURE 9.4 +9('$�H[WUDFWLRQ�SURFHVV�IRU� WKH�UHFRYHU\�RI�VHFRQGDU\�PHWDEROLWHV�IURP�
plant matrix.
Source: 6HOI�GHYHORSHG�ZLWK�FRQFHSWV�IURP�5HIV��>��@�

9.3.2.4 HIGH-PRESSURE-ASSISTED EXTRACTION (HPA)

$OWKRXJK�+3$�LV�FRQVLGHUHG� IRU� WKH� LQDFWLYDWLRQ�RI�SDWKRJHQV� LQ� WKH� IRRG�
LQGXVWU\��\HW�WKLV�SURFHVV�KDV�UHFHLYHG�DWWHQWLRQ�IRU�UXSWXULQJ�SODQW�FHOO�ZDOOV�
IRU�HIILFLHQW�H[WUDFWLRQ�RI�SODQW�VHFRQGDU\�PHWDEROLWHV��7KH�+3$�H[WUDFWLRQ�
SURFHVV�LQYROYHV�FRPSUHVVLRQ��KROGLQJ�RI�WKH�VDPSOH�DW�WKH�VSHFLILF�SUHVVXUH�
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DQG�UHOHDVH�RI�SUHVVXUH��'XULQJ�WKH�DSSOLFDWLRQ�RI�+3$��WKH�VDPSOH�VKRXOG�
EH� GULHG� SULRU� WR� VL]H� UHGXFWLRQ�� EHFDXVH� WKH� SUHVHQFH� RI� PRLVWXUH� PD\�
UHGXFH�WKH�H[WUDFWLRQ�HIILFLHQF\��,Q�WKLV�SURFHVV��JHQHUDOO\��SUHVVXUH�EHWZHHQ�
���±����03D�LV�DSSOLHG�>��@��)LJXUH�����SUHVHQWV�+3$�H[WUDFWLRQ�SURFHVV�IRU�
WKH�H[WUDFWLRQ�RI�VHFRQGDU\�PHWDEROLWHV�IURP�SODQW�PDWUL[�

,W�KDV�EHHQ�UHSRUWHG�WKDW�KLJK�K\GURVWDWLF�SUHVVXUH�KDV�D�SRVLWLYH�H൵HFW�RQ�
WKH�UHFRYHU\�RI�SRO\SKHQROV�DQG�DQWKRF\DQLQV�IURP�YDULRXV�UHG�IUXLW�EDVHG�
products. Furthermore, HPA treatment at moderate temperature increases 
WKH�H[WUDFWLRQ�H൶FLHQF\�RI�FRORUHG�SLJPHQWV�DQG�SRO\SKHQRO�FRQWHQW�IURP�
IUXLWV�>��@�

9.3.2.5 NEGATIVE PRESSURE CAVITATION-ASSISTED 
EXTRACTION (NPCA)

7KH�13&$�H[WUDFWLRQ�SURFHVV�LV�HFR�IULHQGO\�DQG�HIILFLHQW�WHFKQRORJ\�IRU�WKH�
UHFRYHU\�RI�SODQW�PHWDEROLWHV��ZKHUH�FDYLWDWLRQ�LV�IRUPHG�E\�QHJDWLYH�SUHV-
sure with continuous introduction into the liquid-solid system to increase the 
WXUEXOHQFH��PDVV�WUDQVIHU�DQG�FROOLVLRQ�EHWZHHQ�WKH�VROYHQW�DQG�SODQW�WLVVXH��
'XULQJ�WKLV�SURFHVV��PLOOLRQV�RI�WLQ\�YDSRU�EXEEOHV�DUH�IRUPHG�DQG�FROODSVHG�

FIGURE 9.5 +3$�H[WUDFWLRQ�SURFHVV�IRU�WKH�UHFRYHU\�RI�SODQW�VHFRQGDU\�PHWDEROLWHV�
Source: 6HOI�GHYHORSHG�ZLWK�FRQFHSWV�IURP�5HIV��>������@�

7KLV�FROODSVH�FDXVHV� WKH� UHOHDVH�RI�KLJK�HQHUJ\��ZKLFK� UDLVHV� WKH� ORFDO�
temperature and pressure at reaction sites. It increases the reaction rate in 
WKH�V\VWHP��7KURXJK�FRQWLQXRXV�DGGLWLRQ�RI�ZDWHU�WR�WKH�V\VWHP��WXUEXOHQFH�
LQFUHDVHV� WKH�PDVV� WUDQVIHU� DQG� FROOLVLRQ� EHWZHHQ� WKH�PDWUL[� DQG� VROYHQW��
7KLV� IDFLOLWDWHV� WKH� SHUPHDELOL]DWLRQ� RI� WDUJHW� VHFRQGDU\�PHWDEROLWHV� IURP�
WKH� SODQW�PDWUL[� >���� ���� ���@��7KLV�PHWKRG� LV� H൵HFWLYH� LQ� LPSURYLQJ� WKH�
PL[LQJ�RI�VXEVWUDWH�DQG�HQ]\PH��7KH�13&$�H[WUDFWLRQ�PHWKRG�KDV�DOVR�EHHQ�
XVHG�WR�H[WUDFW�DONDORLGV��SRO\SKHQROV��SRO\VDFFKDULGHV��DQG�ÀDYRQRLGV�IURP�
GL൵HUHQW�SODQW�SDUWV�>��@��)LJXUH�����VKRZV�WKH�13&$�H[WUDFWLRQ�SURFHVV�WR�
H[WUDFW�VHFRQGDU\�PHWDEROLWHV�IURP�WKH�SODQW�WLVVXH�
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7KH�UHVHDUFK�VWXG\�KDV�GHPRQVWUDWHG�WKH�H൵HFWLYHQHVV�RI�13&$�H[WUDF-
WLRQ�LQ�FRPELQDWLRQ�ZLWK�RWKHU�PHWKRGV��VXFK�DV��PLFURZDYH��KRPRJHQL]D-
WLRQ��HQ]\PH��LRQLF�OLTXLG�VROYHQWV�DQG�GHHS�HXWHFWLF�VROYHQWV�>��@�

FIGURE 9.6 13&$�H[WUDFWLRQ�SURFHVV�IRU�WKH�UHFRYHU\�RI�VHFRQGDU\�PHWDEROLWHV�IURP�SODQWV�
Source: 6HOI�GHYHORSHG�ZLWK�FRQFHSWV�IURP�5HI��>��@�

9.3.2.6 EXTRACTION USING HIGH-PRESSURE 
HOMOGENIZATION (HPH)

+LJK�SUHVVXUH� KRPRJHQL]DWLRQ� LV� D� QRQ�WKHUPDO� SURFHVV�� ZKHUH� WKH� FHOO�
PHPEUDQH�LV�GLVUXSWHG�XVLQJ�KLJK�LQWHQVLW\�IOXLG�PHFKDQLFDO�VWUHVVHV��,Q�WKLV�
SURFHVV��WKH�IORZ�RI�WKH�SURFHVV�IOXLG�ZLWK�KLJK�SUHVVXUHV��EHWZHHQ���±����
03D��WKURXJK�KRPRJHQL]DWLRQ�LV�XVHG��6DPSOHV�DUH�IRUFHG�WR�SDVV�WKURXJK�D�
QDUURZ�JDS�LQ�WKH�KRPRJHQL]LQJ�YDOYH��DQG�KLJK�VKHDU�DQG�WXUEXOHQFH�FUHDWH�
DFFHOHUDWLRQ�� FRPSUHVVLRQ�� DQG� SUHVVXUH� GURS��0RUHRYHU�� LW� UHVXOWV� LQ� WKH�
GHIRUPDWLRQ�DQG�VXEVHTXHQW�GLVUXSWLRQ�RI�FHOOV�DQG�PDFURPROHFXOHV�LQ�WKH�
IOXLG�>���������@��)LJXUH�����VKRZV�WKH�+3+$�H[WUDFWLRQ�IRU�UHFRYHU\�RI�SODQW�
secondary metabolites is represented.

FIGURE 9.7 +3+$�H[WUDFWLRQ�SURFHVV�IRU�WKH�UHFRYHU\�RI�SODQW�VHFRQGDU\�PHWDEROLWHV�
Source: 6HOI�GHYHORSHG�ZLWK�FRQFHSWV�IURP�5HI��>��@�

5HFHQWO\��UHVHDUFKHUV�KDYH�IRXQG�WKDW�+3+$�H[WUDFWLRQ�KDV�SRWHQWLDO�IRU�
WKH�UHFRYHU\�RI�VHFRQGDU\�PHWDEROLWHV�IURP�WKH�SODQW��+LJK�SUHVVXUH�KRPRJ-
HQL]HU�RU�EDOO�PLOO�ZDV�WKH�PRVW�H൶FLHQW�IRU�WKH�UHFRYHU\�RI�FDURWHQRLGV�IURP�
microalgae (+DHPRWRFRFFXV� SOXYLDOLV�� &KURPRFKORULV� ]R¿QJLHQVLV�� and 
Chlorella sorokiniana��>�������@��,W�KDV�EHHQ�IRXQG�WKDW�+3+$�H[WUDFWLRQ�KDV�
DQ�H൵HFW�RQ�FKDQJLQJ�WKH�PLFURVWUXFWXUH�DQG�ELRDFFHVVLELOLW\�RI�FDURWHQRLGV�
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IURP�WRPDWR�SXOS��In the same way, HPHA extraction decreased the particle 
VL]H�RI�WRPDWR�EHFDXVH�RI�PDWUL[�GLVUXSWLRQ��,W�DOVR�LQFUHDVHG�WKH�FRQVLVWHQF\�
RI�WKH�SURGXFW�>��@�

9.3.2.7 MICROWAVE-ASSISTED EXTRACTION (MVA)

0LFURZDYHV� DUH� HOHFWURPDJQHWLF�ZDYHV��ZKLFK� DUH� XVHG� DW� �����*+]� DQG�
LQWHUDFW�ZLWK�SRODU�PROHFXOHV�LQ�WKH�VDPSOH�WR�JHQHUDWH�KHDW�>���@��'XULQJ�
0$� H[WUDFWLRQ�� HYDSRUDWLRQ� RI� WKH� PRLVWXUH� IURP� WKH� FHOOV� HQKDQFHV� WKH�
SRURVLW\� RI� WKH� FHOO�PDWUL[�� ,W� VXFFHVVLYHO\� LPSURYHV� WKH� SHQHWUDWLRQ� RI� D�
VROYHQW�LQWR�WKH�PDWUL[�>��@��7KH�HOHYDWHG�WHPSHUDWXUH�FDQ�DOVR�LPSURYH�VROX-
ELOLW\�DQG�\LHOG�RI�H[WUDFWLRQ��&RPSDUHG�WR�FRQYHQWLRQDO�H[WUDFWLRQ�PHWKRGV��
09$�H[WUDFWLRQ�KDV�DGYDQWDJHV��VXFK�DV��KLJKHU�UHFRYHU\�\LHOG��OHVV�VROYHQW�
FRQVXPSWLRQ�DQG�VKRUWHU�H[WUDFWLRQ�WLPH�>���@�

7KH�FKDQJH�FDQ�EH�REVHUYHG�ZLWK�OLJKW�PLFURVFRS\�DQG�VFDQQLQJ�HOHFWURQ�
PLFURVFRS\�� 7KH� DSSOLFDWLRQ� RI� PLFURZDYH� GXULQJ� H[WUDFWLRQ� SURYLGHV� D�
JUHDWHU�H[WHQW�RI�FHOO�GLVUXSWLRQ�RI� WKH�SODQW�PDWHULDOV��ZKLFK� LQFUHDVH� WKH�
UDWH�RI� H[WUDFWLRQ� >��@��+RZHYHU��PLFURZDYH� LUUDGLDWLRQ�FDQ�FKDQJH� VRPH�
WDUJHW� FRPSRQHQWV� GXH� WR� FKHPLFDO� UHDFWLRQV� >���� ����� ���@�� 7KXV�� 0$�
H[WUDFWLRQ�PD\�LPSURYH�H[WUDFWLRQ�\LHOG�E\�PRGLI\LQJ�WKH�VWUXFWXUHV�RI�WKH�
WDUJHW�FRPSRXQGV� >���@�� ,Q�)LJXUH������ WKH�0$�H[WUDFWLRQ�SURFHVV� IRU� WKH�
H[WUDFWLRQ�RI�SODQW�VHFRQGDU\�PHWDEROLWHV�LV�UHSUHVHQWHG�

FIGURE 9.8 0$�H[WUDFWLRQ�SURFHVV�IRU�WKH�UHFRYHU\�RI�SODQW�VHFRQGDU\�PHWDEROLWHV�
Source: 6HOI�GHYHORSHG�ZLWK�FRQFHSWV�IURP�5HIV��>��������@�

9.3.2.8 ULTRASOUND-ASSISTED EXTRACTION (UA)

8OWUDVRXQG�FDQ�LPSURYH�WKH�UHFRYHU\�SURFHVV�RI�SODQW�PHWDEROLWHV�WKURXJK�
WKH� LQWHUDFWLRQ� RI� DFRXVWLF�ZDYHV�ZLWK� VROYHQW� WR� SODQW� WLVVXH��'XH� WR� WKH�
DSSOLFDWLRQ�RI�ZDYHV��GLVVROYHG�JDV�FUHDWHV�EXEEOHV�WR�JHQHUDWH�KHDW�>������@��
7KLV�SURFHVV�LQGXFHV�VLJQLILFDQW�FDYLWDWLRQ�SKHQRPHQD��ZKLFK�LV�UHVSRQVLEOH�
IRU�FHOO�ZDOO�GLVUXSWLRQ�>������@��8$�H[WUDFWLRQ�FDQ�HQKDQFH�WKH�H[WUDFWLRQ�
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294 Plant-Based Functional Foods and Phytochemicals

\LHOG�DQG�DTXHRXV�H[WUDFWLRQ�SURFHVVHV�ZLWKRXW�XVLQJ�VROYHQWV��WKHUHIRUH��LW�
SURYLGHV�WKH�RSSRUWXQLW\�WR�XVH�JUHHQ�VROYHQWV��8OWUDVRXQG�WUHDWPHQW�LPSURYHV�
WKH�H[WUDFWLRQ�SHUIRUPDQFH�DQG�H[WUDFWLRQ�RI�KHDW�VHQVLWLYH�SODQW�VHFRQGDU\�
PHWDEROLWHV�>���@��8$�H[WUDFWLRQ�LV�DQ�HIILFLHQW�WHFKQLTXH�WR�UHGXFH�WKH�ORVV�
RI� SODQW� VHFRQGDU\�PHWDEROLWHV� GXULQJ� H[WUDFWLRQ�E\�GHFUHDVLQJ� H[WUDFWLRQ�
WLPH�>��������@��,Q�)LJXUH������WKH�8$�H[WUDFWLRQ�SURFHVV�IRU�WKH�H[WUDFWLRQ�
RI�SODQW�VHFRQGDU\�PHWDEROLWHV�LV�SUHVHQWHG�

8$�H[WUDFWLRQ�RI�SRO\SKHQROV�IURP�WKH�EDUN�>��@��DPLQR�DFLGV�IURP�JUDSH�
>��@�DQG�LVRÀDYRQHV�IURP�VR\EHDQ�>��@�KDYH�EHHQ�UHSRUWHG�

9.3.2.9 MODERATE ELECTRIC FIELD-ASSISTED EXTRACTION (MEFA)

0()$� H[WUDFWLRQ� XVHV� DQ� DOWHUQDWLQJ� FXUUHQW� HOHFWULF� ILHOG� XVXDOO\� IURP�
�±�����9�FP±��WKURXJK�WZR�KLJKO\�FRQGXFWLYH�HOHFWURGHV�WR�WKH�ELRORJLFDO�
PDWHULDO�SODFHG�EHWZHHQ� WKHP�� ,W� LV� D�JUHHQ�PHWKRG��7KH� WHUP�PRGHUDWH�
HOHFWULF� ILHOG� FDQ� EH� GHILQHG� DV� D� SURFHVV� ZKHUH� HOHFWULF� ILHOG� VWUHQJWK�
includes thermal treatment (ohmic heating) or excludes the heating process 
�HOHFWUR�SHUPHDELOL]DWLRQ�� >���@�� 8QOLNH� +9('$�� 0()$� H[WUDFWLRQ�
LQYROYHV�GLUHFW�XVH�RI�WKH�HOHFWULF�FXUUHQW�LQ�WKH�IRUP�RI�DOWHUQDWLQJ�FXUUHQW�
DW�FRQVLGHUDEO\�ORZHU�VWUHQJWK�WKDQ�WKH�SXOVHG�HOHFWULF�ILHOG�>��@��7KH�XVH�
RI�DQ�DOWHUQDWLQJ�FXUUHQW�UHGXFHV�WKH�HIIHFW�RI�HOHFWURO\VLV�DQG�WKH�IRUPD-
WLRQ�RI�XQGHVLUHG�FRPSRXQGV�DURXQG�WKH�HOHFWURGHV��,W�FDQ�EH�RSHUDWHG�DW�
KLJK�WHPSHUDWXUH�GXH�WR�RKPLF�KHDWLQJ�RU�DW�ORZ�WHPSHUDWXUH�WR�PLQLPL]H�
WKHUPDO�HIIHFWV��7KH�PHWKRG�FDQ� UHGXFH�H[WUDFWLRQ� WLPH�DQG�HQHUJ\�ZLWK�
KLJK�TXDOLW\�DQG�\LHOG��7KH�KHDWLQJ�UDWH�KLJKO\�GHSHQGV�RQ� WKH�QDWXUH�RI�
ELRORJLFDO�PDWHULDOV�>���@�

FIGURE 9.9 8$�H[WUDFWLRQ�SURFHVV�IRU�WKH�UHFRYHU\�RI�SODQW�VHFRQGDU\�PHWDEROLWHV�
Source: 6HOI�GHYHORSHG�ZLWK�FRQFHSWV�IURP�5HI��>��@�

,Q� WKH�0()$� H[WUDFWLRQ� SURFHVV�� TXDOLW\�� DQG� \LHOG� RI� WKH� SURGXFWV� LV�
D൵HFWHG�E\�HOHFWULF�¿HOG�VWUHQJWK��SURFHVV�WLPH��IUHTXHQF\��DQG�FRQGXFWLYLW\�
RI� WKH� H[WUDFWLRQ�PHGLXP� DQG� ELRORJLFDO�PDWHULDO��7KH� W\SHV� RI� HOHFWURGH�
PDWHULDOV� LQ� WKH�SURFHVV�DOVR�SOD\�D� VLJQL¿FDQW� UROH� LQ� WKH�SHUIRUPDQFH�RI�
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0()$�H[WUDFWLRQ��7KH�PRVW�FRPPRQO\�XVHG�HOHFWURGH�PDWHULDOV�DUH�VWDLQOHVV�
VWHHO��WLWDQLXP��SODWLQXP��DQG�SODWLQL]HG�WLWDQLXP�>��@�

7KH� 0()$� H[WUDFWLRQ� HQKDQFHV� SHUPHDELOL]DWLRQ� EHFDXVH� RI� WULJ-
JHULQJ�RI� WUDQV�PHPEUDQH�SRWHQWLDO� GL൵HUHQFH� DFURVV� WKH� FHOO�PHPEUDQH�
�QRQ�WKHUPDO�H൵HFW��DQG�KLJK�WHPSHUDWXUH�>��@��,W�FDQ�EH�DSSOLHG�ZLWKRXW�
VROYHQW��E\�GLUHFW�SUHVVLQJ�RI�HOHFWURGHV��RU�E\�XVLQJ�D�FRQGXFWLYH�H[WUDF-
WLRQ� PHGLXP�� 6DOW� VROXWLRQV� KDYH� DOVR� EHHQ� XVHG� DV� H[WUDFWLRQ� PHGLXP�
�VROYHQW�� GXULQJ� WKH�0()$� H[WUDFWLRQ� SURFHVV�� )RU� H[DPSOH�� WKH� XVH� RI�
SRWDVVLXP� FKORULGH� >��@� RU� VRGLXP� FKORULGH� VROXWLRQ� �������� >��@� KDV�
EHHQ�UHSRUWHG�LQ�OLWHUDWXUH��+RZHYHU��LQ�0()$�H[WUDFWLRQ�SURFHVV��HQHUJ\�
consumption is reduced and the extraction yield is enhanced by enhancing 
WKH�PDVV�WUDQVIHU��3URFHVV�RSWLPL]DWLRQ�LV�LPSRUWDQW�WR�HQKDQFH�WKH�TXDOLW\�
DQG�TXDQWLW\�RI�WKH�VSHFL¿FDOO\�H[WUDFWHG�ELRPROHFXOH�DQG�WR�PLQLPL]H�WKH�
electrochemical reactions, which may occur during the extraction process 
>�������@��,Q�)LJXUH�������0()$�H[WUDFWLRQ�SURFHVV�IRU�UHFRYHU\�RI�SODQW�
secondary metabolites is presented.

FIGURE 9.10 0()$�H[WUDFWLRQ�SURFHVV�IRU�WKH�UHFRYHU\�RI�SODQW�VHFRQGDU\�PHWDEROLWHV�
Source: 6HOI�GHYHORSHG�ZLWK�FRQFHSWV�IURP�5HIV��>��������@�

7KH�H[WUDFWLRQ�RI�RLOV�XVLQJ�GLVWLOOHG�ZDWHU�DV�D�PHGLXP�KDV�EHHQ�XVHG�
GXULQJ�WKH�H[WUDFWLRQ�RI�SKHQROLF�FRPSRXQGV�>��@��0()$�H[WUDFWLRQ�KDV�DOVR�
EHHQ�VXFFHVVIXOO\�XVHG�WR�H[WUDFW�SODQW�PHWDEROLWHV�IURP�SRWDWR�WLVVXH�XVLQJ�
GL൵HUHQW� WHPSHUDWXUHV� DQG� WUHDWPHQW� WLPHV��7KH� WRWDO� HQHUJ\� FRQVXPSWLRQ�
LQ� WKH� FRQYHQWLRQDO� H[WUDFWLRQ� SURFHVV�ZDV� DERXW� ���� N-� NJ±�, which was 
VLJQL¿FDQWO\� UHGXFHG� WR� ��� N-� NJ±�� GXULQJ� 0()$� H[WUDFWLRQ� RI� SKHQROLF�
FRPSRXQGV�IURP�FRORUHG�SRWDWR�>��@�

,Q�7DEOH������VRPH�H[DPSOHV�RI�WKH�H[WUDFWLRQ�RI�SODQW�VHFRQGDU\�PHWDER-
OLWHV�IURP�GL൵HUHQW�ELRORJLFDO�PDWHULDOV�E\�0()$�SURFHVV�DUH�SUHVHQWHG�

Research studies were conducted using emerging technologies to increase 
WKH�UHFRYHU\�H൶FLHQF\�RI�VHFRQGDU\�PHWDEROLWHV�IURP�WKH�SODQW�PDWUL[��,Q�
7DEOH������VRPH�H[DPSOHV�IRU�WKH�H[WUDFWLRQ�RI�SODQW�VHFRQGDU\�PHWDEROLWHV�
with emerging technology are represented.
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TABLE 9.4 ([DPSOHV� RI� ([WUDFWLRQ� RI� 3ODQW� 6HFRQGDU\� 0HWDEROLWHV� IURP� 'LIIHUHQW�
Biological Materials by the MEFA Process

Sample Matrix Extracted Compounds References
Beetroot Betanin �>��@
Colored potato Phenolic compounds �>��@
Gac (Momordica cochinchinensis) ȕ�FDURWHQH�DQG�O\FRSHQH �>�@
Green microalgae (Chlorella vulgaris) Carotenoids and chlorophyll �>��@
Microalga (Heterochlorella luteoviridis) Carotenoids �>��@
7RPDWR Phenolic compounds �>��@
White Bran Phenolic compounds �>�@

TABLE 9.5 5HFRYHU\�RI�3ODQW�6HFRQGDU\�0HWDEROLWHV� IURP�3ODQW�0DWUL[�ZLWK�(PHUJLQJ�
7HFKQRORJLHV

Plant Material Extraction Method Bioactive Components References
Red grape skins 
*UHHQ�WHD�OHDYHV

HPA $QWKRF\DQLQ�&DIIHLQH �>��@�>��@

0DULJROG�IORZHUV�
%D\�OHDYHV�

EA Carotenoids Essential oil �>��@�>��@

Brown rice PEFA Ȗ�RU\]DQRO��SRO\SKHQROV��DQG�
phenolic acids, saturated, and 
XQVDWXUDWHG�IDWW\�DFLGV�

�>�@

3LJHRQ�SHD�OHDYHV NPCA )ODYRQRLGV� �>��@
Microalgae 
7RPDWRHV

HPHA Carotenoid Carotenoid �>���@�>��@

7HD�7REDFFR�OHDYHV MA Phenols Solanesol �>���@�>���@
Grapes Spruce 
wood bark

UA Amino acids Polyphenols �>��@�>��@

3LJHRQ�SHD�OHDYHV�
Radix Astragali 
(Astragalus)

NPCA )ODYRQRLGV�3RO\VDFFKDULGHV �>��@�>��@

2OLYH�NHUQHO HVEDA Polyphenols and proteins �>��@

9.3.2.10 SEPARATION AND PURIFICATION OF SECONDARY 
METABOLITES

(IILFLHQW� VHSDUDWLRQ� DQG� SXULILFDWLRQ� LV� DQRWKHU� LPSRUWDQW� LVVXH� IRU� WKH�
UHFRYHU\�RI�SODQW�PHWDEROLWHV��3ODQW�VHFRQGDU\�PHWDEROLWHV�DUH�RIWHQ�PL[HG�
ZLWK�D�ZLGH�UDQJH�RI�FRPSRXQGV�ZLWK�VLPLODU�SRODULWLHV�DQG�VWUXFWXUHV��'XH�WR�
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WKLV�IDFW��WKH�VHSDUDWLRQ�RI�SODQW�VHFRQGDU\�PHWDEROLWHV�LV�FRQVLGHUHG�D�JUHDW�
FKDOOHQJH��$�QXPEHU�RI�GLIIHUHQW�VHSDUDWLRQ�DQG�SXULILFDWLRQ�PHWKRGV��VXFK�
DV�PHPEUDQH�EDVHG� VHSDUDWLRQ� SURFHVV� >��@� DQG� FKURPDWRJUDSKLF� SURFHVV�
>������@�DUH�FRPPRQO\�XVHG�WR�REWDLQ�SXUH�SODQW�VHFRQGDU\�PHWDEROLWHV�>����
��@��$SDUW�IURP�WKDW��QRQ�FKURPDWRJUDSKLF�WHFKQLTXHV��VXFK�DV�GLVWLOODWLRQ��
HYDSRUDWLRQ��IUHH]H�GU\LQJ��DGVRUSWLRQ��HWF����FDQ�EH�XVHG�IRU�VHSDUDWLRQ�DQG�
SXULILFDWLRQ�RI�VHFRQGDU\�PHWDEROLWHV�IURP�SODQW�PDWUL[�

9.3.2.10.1 Membrane Separation

0HPEUDQHV� DUH� VHOHFWLYH� EDUULHUV�� ZKLFK� DUH� XVHG� IRU� WKH� VHSDUDWLRQ� RI�
GHVLUHG�PROHFXOHV��7KH�PHPEUDQH�VHSDUDWLRQ�SURFHVV�LV�D�SUHVVXUH�GULYHQ�
SURFHVV�� ZKHUH� SDUWLFOHV� ZLWK� ODUJHU� VL]HV� WKDQ� WKH� PHPEUDQH� SRUHV� DUH�
UHWDLQHG�DQG�VPDOOHU�PROHFXOHV�PRYH� WKURXJK� WKH�PHPEUDQH�SRUH��%DVHG�
RQ�WKH�SRUH�VL]HV��PHPEUDQHV�FDQ�EH�RUGHUHG�DV�PLFURILOWUDWLRQ��0)���XOWUD-
ILOWUDWLRQ��8)���QDQRILOWUDWLRQ��1)��DQG�UHYHUVH�RVPRVLV��52��>��@��,Q�WKH�
LQGXVWULDO� SURFHVV�� ERWK� FURVV�IORZ� DQG� GHDG�HQG�PHPEUDQH�PRGXOHV� DUH�
XVHG� IRU�SXULILFDWLRQ�DQG� IUDFWLRQDWLRQ�RI�SODQW� VHFRQGDU\�PHWDEROLWHV�� ,Q�
)LJXUH�������GLIIHUHQW�W\SHV�RI�PHPEUDQHV�DQG�WKHLU�SULQFLSOH�RI�VHSDUDWLRQ�
process are presented.

7KH�8)�PHPEUDQH�KDV�EHHQ�XVHG�WR�FRQFHQWUDWH�SRO\SKHQROV�IURP�JUDSH�
VHHGV�>��@��DQG�WR�UHFRYHU�SKHQROLF�FRPSRXQGV�IURP�H[WUDFWV�RI�EODFN�WHD�
>���@�� )XUWKHUPRUH�� WKH� PHPEUDQH� VHSDUDWLRQ� SURFHVV� ZDV� VXFFHVVIXOO\�
HPSOR\HG�WR�FRQFHQWUDWH�ELRDFWLYH�FRPSRQHQWV�IURP�NROD�QXW�H[WUDFW�>��@��
Although the membrane separation process is important to concentrate 
DQG� UHFRYHU�SODQW�PHWDEROLWHV��\HW� LWV�SHUIRUPDQFH� LV� VRPHWLPHV�SRRU�GXH�
WR� FRQFHQWUDWLRQ� SRODUL]DWLRQ� RQ� WKH� PHPEUDQH� VXUIDFH� DQG� IRXOLQJ� RI�
PHPEUDQH�>��@�

9.3.2.10.2 Chromatographic Purification Techniques

&KURPDWRJUDSK\�UHODWHG�VHSDUDWLRQ�LV�XVHG�IRU�WKH�VHSDUDWLRQ�RI�D�ELRPRO-
HFXOH�IURP�D�PL[WXUH�RI�GLIIHUHQW�FKHPLFDO�FRPSRXQGV�ZLWK�XQLTXH�SRODULW\�
DQG�PROHFXODU�ZHLJKW�>�@��'LIIHUHQW�W\SHV�RI�FKURPDWRJUDSKLF�SURFHVVHV��VXFK�
DV�� DGVRUSWLRQ� FKURPDWRJUDSK\�� SDUWLWLRQ� FKURPDWRJUDSK\�� LRQ� H[FKDQJH�
FKURPDWRJUDSK\�� VL]H�H[FOXVLRQ� FKURPDWRJUDSK\�� WKLQ�OD\HU� FKURPDWRJ-
UDSK\�� SDSHU� FKURPDWRJUDSK\�� JDV� FKURPDWRJUDSK\� DQG� KLJK�SHUIRUPDQFH�
OLTXLG� FKURPDWRJUDSK\�� DUH� XVHG� WR� LVRODWH� VHFRQGDU\� PHWDEROLWHV� IURP�

A
pp

le
 A

ca
de

m
ic

 P
re

ss

A
ut

ho
r C

op
y

Non Commercial Use



298 Plant-Based Functional Foods and Phytochemicals

SODQW�WLVVXHV�>������@��,Q�)LJXUH�������WKH�FODVVLILFDWLRQV�RI�FKURPDWRJUDSKLF�
techniques are represented.

7KH�VHSDUDWLRQ�H൶FLHQF\�RI� WDUJHW�PHWDEROLWHV� LV�KLJKO\�GHSHQGHQW�RQ�
WKHLU� DGVRUSWLRQ� D൶QLW\� WR� WKH� VWDWLRQDU\� SKDVH�� 6XEVHTXHQWO\�� GL൵HUHQW�
VSHFWURVFRSLF� WHFKQLTXHV� �VXFK� DV�� LQIUDUHG� QXFOHDU� PDJQHWLF� UHVRQDQFH�
VSHFWURVFRS\�� XOWUDYLROHW� �89��YLVLEOH� VSHFWURVFRS\� DQG� WDQGHP� PDVV�
VSHFWURVFRS\�� DUH� XVHG� WR� LGHQWLI\� WKH� VHSDUDWHG� DQG� SXUL¿HG� ELRORJLFDO�
FRPSRXQGV�>��@�

FIGURE 9.11  �$��'LIIHUHQW� W\SHV� RI�PHPEUDQHV� GHSHQGLQJ� RQ� WKHLU�PROHFXODU�ZHLJKW�
FXW�RII��SRUH�VL]H����%��3ULQFLSOH�RI�PHPEUDQH�VHSDUDWLRQ�SURFHVV�
Source: 6HOI�GHYHORSHG�ZLWK�FRQFHSWV�IURP�5HI��>��@�

FIGURE 9.12 &ODVVLILFDWLRQV�RI�FKURPDWRJUDSKLF�WHFKQLTXHV�
Source: 6HOI�GHYHORSHG�ZLWK�FRQFHSWV�IURP�5HIV��>������@�

7KH� VHSDUDWLRQ�RI� VHFRQGDU\�PHWDEROLWHV� IURP� WKH�KHUEDO�PDWUL[� LV�QRW�
DQ�HDV\�WDVN�GXH�WR�WKH�SUHVHQFH�RI�D�ZLGH�YDULHW\�RI�SK\WRFKHPLFDOV��7KLV�
SUREOHP�FDQ�EH�RYHUFRPH�E\�FKDQJLQJ�SRODULW\�RI�PRELOH�SKDVH��7KHUHIRUH��
LQ�FKURPDWRJUDSKLF�SURFHVV��JUDGLHQW�HOXWLRQ�PRGH�LV�IUHTXHQWO\�XVHG�LQVWHDG�
RI� LVRFUDWLF�HOXWLRQ�PRGH�IRU�VHSDUDWLRQ�RI�ELRDFWLYH�FRPSRXQGV��$V�SODQW�
PHWDEROLWHV� KDYH� KLJKO\� YDULDEOH� SURSHUWLHV� �SRODULW\�� FKHPLFDO� VWUXFWXUH��
glycosidic linkages and spectral characteristics), no single technique is 
DSSURSULDWH� IRU� XQLYHUVDO� DSSOLFDWLRQ� RI� VHSDUDWLRQ� RI� SODQW� VHFRQGDU\�
PHWDEROLWHV�>��@�
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9.4 SECONDARY METABOLITES FROM HERBS: HEALTH BENEFITS

3ODQW�VHFRQGDU\�PHWDEROLWHV�DUH�NQRZQ�IRU�WKHLU�VHYHUDO�EHQHILFLDO�HIIHFWV�RQ�
KXPDQ�KHDOWK��VXFK�DV��GLJHVWLYH�VWLPXODQW��DQWLPLFURELDO��DQWL�LQIODPPDWRU\��
DQWL�FDUFLQRJHQLF�� DQWL�GLDEHWLF�� DQG�DQWL�R[LGDQW� DFWLYLWLHV�� HWF��7KHUHIRUH��
WKH�GHPDQG�IRU�QDWXUDO�ELRDFWLYH�FRPSRQHQWV�LQ�IRRG�DQG�FRQVXPDWLF�LQGXV-
WULHV�KDYH�LQFUHDVHG�GUDPDWLFDOO\��7KHVH�FDQ�LPSURYH�WKH�TXDOLW\�RI�SURFHVVHG�
IRRGV�DQG�GUXJV�E\�LQFUHDVLQJ�WKH�VKHOI�OLIH��SUHVHUYLQJ�RUJDQROHSWLF�GHFR-
UDWLRQ� DQG� PDLQWDLQLQJ� QXWULWLRQDO� SURSHUWLHV�� 7KH\� SRVVHVV� SRWHQWLDO� IRU�
UHGXFLQJ� ULVNV�RI� VHYHUDO�KHDOWK�KD]DUGV� >���@��7KHUHIRUH��SODQW� VHFRQGDU\�
PHWDEROLWHV�KDYH�UHFHLYHG�WRGD\�PRUH�DWWHQWLRQ�LQ�IRRG��SKDUPDFHXWLFDO��DQG�
FRVPHWLF�LQGXVWULHV�>���������������@�

9.4.1 PHARMACEUTICS

,Q�UHFHQW�\HDUV��WKH�PDMRULW\�RI�SHRSOH�VKLIWHG�WKHLU�DWWHQWLRQ�WRZDUGV�KHUEDO�
GUXJV� DQG� WKH� LQGLJHQRXV� V\VWHP� RI�PHGLFLQH�� 6LPLODU� WR� V\QWKHWLF� GUXJV��
VHYHUDO�KHUE�GUXJV�DV�DQWLWXVVLYHV��FRGHLQH���DQDOJHVLFV��PRUSKLQH���DQWLK\-
SHUWHQVLYHV� �UHVHUSLQH��� DQWLQHRSODVWLFV� �YLQEODVWLQH� DQG� WD[RO��� FDUGLRWRQLF�
(digoxin), anti-malarial (quinine and artemisinin), anticancer, anti-neuro 
GLVRUGHUV�KDYH�EHFRPH�SRSXODU�DPRQJ�WKH�FRPPRQ�SRSXODWLRQ�>������@��+HUEDO�
extracts, in particular, essential oils contain many plant metabolites, such as, 
hydrocarbons (terpenes and sesquiterpenes) and oxygenated compounds 
(alcohols, ketones, aldehydes, acids, oxides, phenols, ethers, lactones, and 
HVWHUV���'XH�WR�WKH�SUHVHQFH�RI�WKHVH�ELRDFWLYH�FRPSRXQGV��WKH\�DUH�IRXQG�WR�
KDYH�LQKLELWRU\�DFWLYLWLHV�DJDLQVW�VHYHUDO�*UDP�QHJDWLYH�DQG�*UDP�SRVLWLYH�
SDWKRJHQLF�EDFWHULD��6WXGLHV�KDYH�VKRZQ�WKH�SRVLWLYH�LPSDFW�RI�IODYRQRLGV��
especially their glycosides on human health. Furthermore, antioxidant, anti-
LQIODPPDWRU\�� DQWLFDQFHU�� DQWLYLUDO�� DQG� DQWL�GLDEHWHV� DFWLYLWLHV� RI� SKHQROLF�
FRPSRXQGV�DUH�ZHOO�NQRZQ�>��������@��,W�KDV�EHHQ�UHSRUWHG�WKDW�H[WUDFWV�IURP�
GLIIHUHQW�SDUWV�RI�6KDWDYDUL�SODQW�KDYH�D�VLJQLILFDQW�UROH�LQ�WKH�WUHDWPHQW�RI�
IHPDOH�UHSURGXFWLYH�SUREOHPV�DQG�GLVHDVHV��DQG�QHUYRXV�GLVRUGHUV��G\VSHSVLD��
FRXJK�EURQFKLWLV��WXEHUFXORVLV��DQG�WKURDW�LQIHFWLRQV��HWF���>���@�

9.4.2 FOODS AND FOOD PRODUCTS

3ODQW�VHFRQGDU\�PHWDEROLWHV�DUH�LPSRUWDQW�IRU�IRRG�SUHVHUYDWLRQ�WHFKQRORJLHV�
>��������������@��$SDUW�IURP�SUHVHUYDWLYH�UROHV��SODQW�VHFRQGDU\�PHWDEROLWHV�
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FDQ�EH�XVHG� DV� IXQFWLRQDO� IRRGV�EHFDXVH� WKH\�RIIHU� SK\VLRORJLFDO� EHQHILWV�
ZLWK�D�UHGXFWLRQ�RI�FKURQLF�GLVHDVHV�DORQJ�ZLWK�EDVLF�QXWULWLRQDO�IXQFWLRQV��
0DQ\�SODQW�PHWDEROLWHV��VXFK�DV��SRO\SKHQROV�DQG�IODYRQRLGV��KDYH�LPSRU-
WDQW� KHDOWK� EHQHILWV� DJDLQVW� FKURQLF� KHDOWK� SUREOHPV�� VXFK� DV�� LQIODPPD-
WLRQ��FDQFHU��DQG�DWKHURVFOHURVLV�>��@��7KH�UHVHDUFK�VWXG\�E\�0DQDFK�HW�DO��
UHSUHVHQWV�WKH�HIIHFWLYHQHVV�RI�D�SODQW�EDVHG�GLHW�IRU�WKH�UHGXFWLRQ�RI�ULVN�RI�
FKURQLF�GLVHDVHV�>��@�

7KH�SRWHQWLDO�XVH�RI�SODQW�VHFRQGDU\�PHWDEROLWHV�LQ�¿VK�IDUPLQJ�KDV�EHHQ�
DOVR�UHSRUWHG��&XUUHQWO\��GXH�WR�VWULFWHU�HQYLURQPHQWDO�OHJLVODWLRQ��ZH�PXVW�
UHGXFH�WKH�XVH�RI�V\QWKHWLF�DQWLELRWLFV�LQ�DTXDFXOWXUH�GXH�WR�ULVN�RI�FKHPLFDO�
UHVLGXHV�LQ�IRRG�>��@��$FFRUGLQJ�WR�%DGUL�HW�DO��>��@��SODQW�PHWDEROLWHV�FDQ�
UHJXODWH�PLFURELDO�FRPSRVLWLRQ�RI�WKH�VRLO��7KXV��LW�D൵HFWV�URRW�H[XGDWHV�DQG�
SODQW�SURGXFWLYLW\�>��@�

9.4.3 COSMETICS

%HIRUH� WKH� XVH� RI� V\QWKHWLF� FRVPHWLFV�� SODQW� VHFRQGDU\� PHWDEROLWHV� ZLWK�
VLPLODU�SURSHUWLHV�ZHUH� WKH�PDLQ�VRXUFH�RI�DOO�FRVPHWLFV� LQ�GDLO\� OLIH��7KH�
XVH�RI� VHFRQGDU\�PHWDEROLWHV�RIIHUV�EHQHILWV�DV� VNLQFDUH�SURGXFWV� >��������
���@��3ODQW�VHFRQGDU\�PHWDEROLWHV�RIIHU�VHYHUDO�DGYDQWDJHV��VXFK�DV��LQKLEL-
WLRQ�RI�W\URVLQDVH��LQFUHDVH�DQWLR[LGDQW�FDSDFLW\�DQG�DQWLPLFURELDO�DFWLYLW\��
7KRVH� ELRORJLFDO� DFWLYLWLHV� FDQ�EH� LPSRUWDQW� IRU� WKH� SUHYHQWLRQ�RI� VHYHUDO�
VNLQ�FRQGLWLRQV�>������@�

9.4.4 OTHERS

$SDUW� IURP� WKHLU� UROH� LQ� IRRG�� FRVPHWLFV�� DQG�SKDUPDFHXWLFDO� LWHPV�� SODQW�
VHFRQGDU\�PHWDEROLWHV�FDQ�EH�DOVR�XVHG�LQ�G\H�SURGXFWLRQ�>��@�DQG�DV�DFWLYH�
FRPSRXQGV� �DQWL�R[LGDQW� DQG� DQWL�PLFURELDO�� LQ� SDFNDJLQJ� V\VWHPV� >���@��
$SSOLFDWLRQV�RI�VHOHFWHG�SODQW�VHFRQGDU\�PHWDEROLWHV�LQ�SKDUPDFHXWLFV��IRRG��
FRVPHWLF��DQG�SDFNDJLQJ�V\VWHP�DUH�VXPPDUL]HG�LQ�7DEOH�����

9.5 SUMMARY

3ODQWV�RU�KHUEV�SURGXFH�GLIIHUHQW�VHFRQGDU\�PHWDEROLWHV��VXFK�DV��WHUSHQHV��
DONDORLGV�� FDURWHQRLGV�� SRO\SKHQROV�� DQG� JOXFRVLQRODWHV�� %HVLGHV� FRQYHQ-
WLRQDO� H[WUDFWLRQ�� VHYHUDO� QRYHO� WHFKQRORJLHV� ZLWK� WKH� EDVLF� H[WUDFWLRQ�

A
pp

le
 A

ca
de

m
ic

 P
re

ss

A
ut

ho
r C

op
y

Non Commercial Use



Plant Secondary Metabolites: Commercial Extraction 301
TA

BL
E 

9.
6 

$
SS
OLF
DW
LR
QV
�R
I�3

OD
QW
�6
HF
RQ
GD
U\
�0

HW
DE
RO
LWH
V�L
Q�
3K
DU
P
DF
HX
WLF
V��
)R
RG
��D
QG
�&
RV
P
HW
LF
�3
UR
GX
FW
V

A
pp

lic
at

io
n

H
er

ba
l B

io
ac

tiv
e

Im
pa

ct
s/

B
en

ef
its

R
ef

er
en

ce
s

Ph
ar

m
ac

eu
tic

s
Po

ly
ph

en
ol

s
)O
DY
RQ
RL
GV

G
lu

co
si

no
la

te
s

$
QW
L�L
QI
OD
P
P
DW
RU
\�
HI
IH
FW

$
QW
LR
[L
GD
WLY
H�
HI
IH
FW
V��
LP
SH
GH
�J
HQ
HW
LF
�P
XW
DW
LR
Q�
DQ
G�

ca
rc

in
og

en
es

is
$
QW
L�D
JL
QJ
�H
IIH
FW

$
QW
LR
[L
GD
WLY
H�
HI
IH
FW

$
QW
L�,
QI
OD
P
P
DW
RU
\�
�,P

P
XQ
RP

RG
XO
DW
RU
\�
$
JH
QW
V�

$
QW
L�F
DQ
FH
U�D
QG
�&
DU
GL
RY
DV
FX
OD
U�'

LV
HD
VH

�>�
��
@

�>�
�@

�>�
�@

�>�
�@

�>�
�@

7H
US
HQ
HV
�

$
QW
L�L
QI
OD
P
P
DW
RU
\

�>�
�@

C
ar

ot
en

oi
ds

A
nt

io
xi

da
nt

�>�
�@

Fo
od

&
DU
YR
QH
��O
LP
RQ
HQ
H�
�D
QG
��(

��
DQ
HW
KR
OH

7H
US
HQ
HV
�R
U�V
WH
UR
OV

Ph
en

ol
ic

 c
om

po
un

ds
,

C
in

na
m

al
de

hy
de

,
C

ic
ho

ric
 a

ci
d,

 p
ol

ys
ac

ch
ar

id
es

, A
lk

am
id

es
, 

an
d 

gl
yc

op
ro

te
in

s

(I
IH
FW
LY
H�
DJ
DL
QV
W�S
HV
WV

$
QW
LP
LF
UR
EL
DO
�D
FW
LY
LW\

$
QW
LP
LF
UR
EL
DO
�D
FW
LY
LW\

$
QW
LIX
QJ
DO
�D
FW
LY
LW\

�>�
�@

�>�
���
�@

�>�
�@

�>�
�@

C
os

m
et

ic
s

A
m

in
o 

ac
id

s
*
DO
OLF
�D
FL
G�
�P
DQ
QL
WR
O��
JO
XF
RV
H�
�ID
WV
��U
HV
LQ
��

WUD
FH
V�R

I�D
Q�
DO
ND
OR
LG
�D
QG
�P
XF
LOD
JH
�

Sa
po

ni
n

6N
LQ
FD
UH
�F
OH
DQ
VL
QJ
�D
FW
LR
Q

'
DQ
GU
XI
I�W
UH
DW
P
HQ
W

C
ol

la
ge

n 
sy

nt
he

si
s a

nd
 a

nt
i-a

gi
ng

�>�
�@

�>�
�@

�>�
��
@

O
th

er
s

3R
O\
SK
HQ
RO
LF
�H
[W
UD
FW
�

Po
ly

ph
en

ol
ic

s
'
\H
LQ
J�
VL
ON
�ID
EU
LF
V

$
FW
LY
H�
SD
FN
DJ
LQ
J

�>�
�@

�>�
��
@

A
pp

le
 A

ca
de

m
ic

 P
re

ss

A
ut

ho
r C

op
y

Non Commercial Use



302 Plant-Based Functional Foods and Phytochemicals

SURFHVV�KDYH�EHHQ�GHYHORSHG��7KHVH�WHFKQRORJLHV�HQKDQFH�WKH�SHUPHDELOL]D-
WLRQ�RI�WKH�SODQW�FHOO�ZDOO�DQG�IDFLOLWDWH�WKH�UHFRYHU\�RI�WDUJHW�FRPSRQHQWV�
IURP�LQWHU�RU�LQWUD�FHOOXODU�VSDFHV��3ODQW�VHFRQGDU\�PHWDEROLWHV�RIIHU�VHYHUDO�
KHDOWK�EHQHILWV��7KH\�KDYH�LPSRUWDQFH�LQ�SKDUPDFHXWLFDO��IRRG��DQG�FRVPHWLF�
industries.

KEYWORDS

 • herbal extracts
 • high pressure-assisted
 • microfiltration
 • moderate electric field-assisted
 • pharmaceuticals
 • secondary metabolites

REFERENCES

1. $DPLU��0���	�-LWWDQLW��:�����������2KPLF�KHDWLQJ�WUHDWPHQW�IRU�JDFDULO�RLO�H[WUDFWLRQ��
(IIHFWV� RQ� H[WUDFWLRQ� HIILFLHQF\�� SK\VLFDO� SURSHUWLHV� DQG� VRPH� ELRDFWLYH� FRPSRXQGV��
Innovative Food Science and Emerging Technologies, 41�����±����

2. $EGDOOD��$��(���'DUZLVK��6��0���	�$\DG��(��+��� ��������(J\SWLDQ�PDQJR�E\�SURGXFW��
$QWLR[LGDQW� DQG� DQWLPLFURELDO� DFWLYLWLHV� RI� H[WUDFW� DQG� RLO� IURP�PDQJR� VHHG� NHUQHO��
Food Chemistry, 103������±�����

3. Aldred, E. M., (2008). Pharmacology: A Handbook for Complementary Healthcare 
Professionals �SS�����±������$PVWHUGDP��(OVHYLHU�+HDOWK�6FLHQFHV�

4. $O�+LOSK\��$��5��6�����������3UDFWLFDO�VWXG\�IRU�QHZ�GHVLJQ�RI�HVVHQWLDO�RLOV��([WUDFWLRQ�
apparatus using ohmic heating. International Journal of Agricultural Sciences, 4�����±����

5. $OL��3���&KHQ��<��)���	�6DUJV\DQ��(�����������%LRDFWLYH�PROHFXOHV�RI�KHUEDO�H[WUDFWV�ZLWK�
DQWL�LQIHFWLYH�DQG�ZRXQG�KHDOLQJ�SURSHUWLHV��,Q��.RQ��.���	�5DL��0����HGV���Microbiology 
for Surgical Infections Diagnosis, Prognosis, and Treatment��SS�����±������$PVWHUGDP��
(OVHYLHU�

6. $OWHPLPL��$��� /DNKVVDVVL�� 1��� 	� %DKDUORXHL��$��� �������� 3K\WRFKHPLFDOV�� ([WUDFWLRQ��
LVRODWLRQ��DQG�LGHQWLILFDWLRQ�RI�ELRDFWLYH�FRPSRXQGV�IURP�SODQW�H[WUDFWV��Plants, 6����±���

7. $XJXVWR�� 3�� (�� '��� ,EDU]�� $��� 	� &ULVWLDQLQL�� 0��� �������� (IIHFW� RI� KLJK�SUHVVXUH�
KRPRJHQL]DWLRQ� �+3+�� RQ� WKH� UKHRORJLFDO� SURSHUWLHV� RI� D� IUXLW� MXLFH� VHUXP� PRGHO��
Journal of Food Engineering, 111�����±����

8. $]PLU��-���=DLGXO��,��6��0���5DKPDQ��0��0���	�6KDULI��.��0�����������7HFKQLTXHV�IRU�
H[WUDFWLRQ� RI� ELRDFWLYH� FRPSRXQGV� IURP� SODQW�PDWHULDOV��$� UHYLHZ�� Journal of Food 
Engineering, 117�����±����

A
pp

le
 A

ca
de

m
ic

 P
re

ss

A
ut

ho
r C

op
y

Non Commercial Use



Plant Secondary Metabolites: Commercial Extraction 303

9. $]ZDQLGD��1��1��� ��������5HYLHZ�RQ�WKH�H[WUDFWLRQ�PHWKRGV�XVH� LQ�PHGLFLQDO�SODQWV��
principle, strength, and limitation. Medicinal and Aromatic Plants, 4���������±��

10. %DE\��.��&���7��9�����������5DQJDQDWKDQ��(Q]\PH�DVVLVWHG�H[WUDFWLRQ�RI�ELRLQJUHGLHQWV��
Chem Week, 59�����±����

11. %DGUL��'��9���&KDSDUUR��-��0���=KDQJ��5���6KHQ��4���	�9LYDQFR��-��0�����������$SSOLFDWLRQ�
RI� QDWXUDO� EOHQGV� RI� SK\WRFKHPLFDOV� GHULYHG� IURP� WKH� URRW� H[XGDWHV� RI� DUDELGRSVLV�
WR� WKH� VRLO� UHYHDO� WKDW� SKHQROLF�UHODWHG� FRPSRXQGV� SUHGRPLQDQWO\� PRGXODWH� WKH� VRLO�
microbiome. Journal of Biological Chemistry, 288������±�����

12. %DLOH\��-��(���	�2OOLV��'��)�����������Biochemical Engineering Fundamental (2nd edn., pp. 
���±������6LQJDSRUH��0F*UDZ�+LOO�,QWHUQDWLRQDO�(GLWLRQ�

13. %DLOH\��-��(���	�2OOLV��'��)�����������Biochemical Engineering Fundamentals (2nd edn., 
SDJHV����±������6LQJDSRUH��0F*UDZ�+LOO�,QWHUQDWLRQDO�(GLWLRQ�

14. %DU]DQD��(���5XELR��'���	�6DQWDPDULD��5��,�����������(Q]\PH�PHGLDWHG�VROYHQW�H[WUDFWLRQ�
RI�FDURWHQRLGV�IURP�PDULJROG�IORZHU��Tagetes erecta). Journal of Agricultural and Food 
Chemistry, 50�����������±�����

15. %DVPDWNHU�� *��� -DLV�� 1��� 	� 'DXG�� )��� �������� Aloe vera�� $� YDOXDEOH� PXOWLIXQFWLRQDO�
cosmetic ingredient. International Journal of Medicinal and Aromatic Plants, 1�����±����

16. %HOOHYLOOH�� 0�� 3��� 	� 9DLOODQW�� )��� �������� Membrane Technology for Production of 
Nutraceuticals �SS�����±������&KDSWHU����RQOLQH��KWWSV���ZZZ�UHVHDUFKJDWH�QHW�SURILOH�
)DEULFHB9DLOODQW�SXEOLFDWLRQ����������B0HPEUDQHB7HFKQRORJ\BIRUB3URGXFWLRQB
RIB1XWUDFHXWLFDOV�OLQNV����I�G����DHIH���E��GF���0HPEUDQH�7HFKQRORJ\�IRU�
3URGXFWLRQ�RI�1XWUDFHXWLFDOV�SGI��DFFHVVHG�RQ���$XJXVW�������

17. %ODQFK��+��:���	�&ODUN��'��6�����������Biochemical Engineering (1st�HGQ���SS�����±������
%RFD�5DWRQ��)/��&5&�3UHVV�

18. %RXOLOD��$���+DVVHQ�� ,���+DRXDUL��/���	�0HMUL��)��� ��������(Q]\PH�$VVLVWHG�H[WUDFWLRQ�
RI� ELRDFWLYH� FRPSRXQGV� IURP� ED\� OHDYHV� �Laurus nobilis L.). Industrial Crops and 
Products, 74�����±����

19. Breitmaier, E., (2006). Terpenes: Flavors, Fragrances, Pharmaca, Pheromone �SS���±����
:HLQKHLP��*HUPDQ\��:LOH\�9&+�9HUODJ�*PE+�	�&R��.*D$

20. &DR��*���%RRWK��6��/���6DGRZVNL��-��$���	�3ULRU��5��/�����������,QFUHDVHV�LQ�KXPDQ�SODVPD�
DQWLR[LGDQW�FDSDFLW\�DIWHU�FRQVXPSWLRQ�RI�FRQWUROOHG�GLHWV�KLJK�LQ�IUXLW�DQG�YHJHWDEOHV��
The American Journal of Clinical Nutrition, 68������±�����

21. &DUUHUD�� &��� 5XL]�5RGUtJXH]��$��� 3DOPD��0��� 	� %DUURVR�� &�� *��� �������� 8OWUDVRXQG�
DVVLVWHG�H[WUDFWLRQ�RI�DPLQR�DFLGV�IURP�JUDSHV��Ultrasonics Sonochemistry, 22�����±����

22. &KDNUDERUW\��6��%���	�+DQF]��&�����������$SSOLFDWLRQ�RI�SK\WRFKHPLFDOV�DV�LPPXQRV-
WLPXODQW��DQWLSDWKRJHQLF�DQG�DQWLVWUHVV�DJHQWV�LQ�ILQILVK�FXOWXUH��Reviews in Aquaculture, 
3�����±����

23. &KDQGUDVHNDUD��$���	�6KDKLGL��)�����������+HUEDO�EHYHUDJHV��%LRDFWLYH�FRPSRXQGV�DQG�
WKHLU�UROH�LQ�GLVHDVH�ULVN�UHGXFWLRQ��$�UHYLHZ��Journal of Traditional and Complementary 
Medicine, 8�����±����

24. &KHQJ�� ;��� %L�� /��� =KDR�� =��� 	� &KHQ�� <��� �������� $GYDQFHV� LQ� (Q]\PH�DVVLVWHG�
H[WUDFWLRQ�RI�QDWXUDO�SURGXFWV��3rd International Conference on Material, Mechanical, 
and Manufacturing Engineering (IC3ME 2015)� �SS�� ���±������ *XDQJ]KRX�� &KLQD��
$WODQWLV�3UHVV�

25. &KKLNDUD�� 1��� 'HYL�� +�� 5��� -DJODQ�� 6��� 6KDUPD�� 3��� 	� *XSWD�� 3��� �������� %LRDFWLYH�
FRPSRXQGV��IRRG�DSSOLFDWLRQV�DQG�KHDOWK�EHQHILWV�RI�Parkia speciosa��6WLQN\�%HDQV���$�
UHYLHZ��Agriculture and Food Security, 7��������±��

A
pp

le
 A

ca
de

m
ic

 P
re

ss

A
ut

ho
r C

op
y

Non Commercial Use



304 Plant-Based Functional Foods and Phytochemicals

26. &KKLNDUD�� 1��� .XVKZDKD�� .��� 6KDUPD�� 3��� *DW��<���	� 3DQJKDO��$��� �������� %LRDFWLYH�
FRPSRXQGV�RI�EHHWURRW�DQG�XWLOL]DWLRQ� LQ� IRRG�SURFHVVLQJ� LQGXVWU\��$�FULWLFDO� UHYLHZ��
Food Chemistry, 272, ���±����

27. &KULVWHQ��3���	�.DXIPDQQ��%�����������5HFHQW�H[WUDFWLRQ�WHFKQLTXHV�IRU�QDWXUDO�SURGXFWV��
0LFURZDYH�DVVLVWHG� H[WUDFWLRQ� DQG� SUHVVXUL]HG� VROYHQW� H[WUDFWLRQ�� Phytochemical 
Analysis: An International Journal of Plant Chemical and Biochemical Techniques, 13, 
���±����

28. &RUUDOHV��0���*DUFtD��$��)���%XW]��3���	�7DXVFKHU��%�����������([WUDFWLRQ�RI�DQWKRF\DQLQV�
IURP�JUDSH�VNLQV�DVVLVWHG�E\�KLJK�K\GURVWDWLF�SUHVVXUH��Journal of Food Engineering, 
90�����±����

29. 'LSORFN��$��7���&KDUXOHX[��-��/���	�&UR]LHU�:LOOL��*�����������)XQFWLRQDO�IRRG�VFLHQFH�DQG�
GHIHQVH�DJDLQVW�UHDFWLYH�R[LGDWLYH�VSHFLHV��British Journal of Nutrition, 1998����±����

30. 'RQVu��)���)HUUDUL��*���)UXLOR��0���	�3DWDUR��*�����������3XOVHG�HOHFWULF�ILHOGV²DVVLVWHG�
YLQLILFDWLRQ��Procedia Food Science, 1�����±����

31. 'XUHMD��+���.DXVKLN��'���*XSWD��0���.XPDU��9���	�/DWKHU��9�����������&RVPHFHXWLFDOV��
An emerging concept. Indian Journal of Pharmacology, 37, 155.

32. (O�*KDUUDV�� +��� �������� 3RO\SKHQROV�� )RRG� VRXUFHV�� SURSHUWLHV�� DQG� DSSOLFDWLRQV�� $�
UHYLHZ��International Journal of Food Science and Technology, 44������±�����

33. )HUUDUL��*���0DUHVFD��3���	�&LFFDURQH��5�����������7KH�DSSOLFDWLRQ�RI�KLJK�K\GURVWDWLF�
SUHVVXUH�IRU�WKH�VWDELOL]DWLRQ�RI�IXQFWLRQDO�IRRGV��3RPHJUDQDWH�MXLFH��Journal of Food 
Engineering, 100�����±����

34. )ORXU\��-���%HOOHWWUH��-���/HJUDQG��-���	�'HVUXPDX[��$�����������$QDO\VLV�RI�D�QHZ�W\SH�RI�
KLJK�SUHVVXUH�KRPRJHQL]HU��$�VWXG\�RI�WKH�IORZ�SDWWHUQ��Chemical Engineering Science, 
59�����±����

35. )UDFFROD��*���)HUQDQGHV��%��'��2���	�*HDGD��3�����������Enhancing Extraction of Food 
Grade Pigments from the Microalgae Chlorella Vulgaris through Application of Ohmic 
Heating (p. 2). Poster sess. Present��0HHWLQJ��&KLFDJR��,QVWLWXWH�RI�)RRG�7HFKQRORJ\�

36. *DODQDNLV��&��0�����������(PHUJLQJ�7HFKQRORJLHV�IRU�WKH�SURGXFWLRQ�RI�QXWUDFHXWLFDOV�
IURP�DJULFXOWXUDO�E\�SURGXFWV��$�YLHZSRLQW�RI�RSSRUWXQLWLHV�DQG�FKDOOHQJHV��Food and 
Bioproducts Processing, 91�����±����

37. *DPOL��)��� ��������5HYLHZ�RI�DSSOLFDWLRQ�RI�SXOVHG�HOHFWULF� ILHOG� LQ� WKH�SURGXFWLRQ�RI�
OLTXLG�� VHPL�OLTXLG� IRRG� PDWHULDOV��Advance Research in Agriculture and Veterinary 
Science, 1��������±���

38. *DR�� 0��� +XDQJ��:��� 5R\� &KRZGKXU\�� 0��� 	� /LX�� &��� �������� 0LFURZDYH�DVVLVWHG�
H[WUDFWLRQ� RI� VFXWHOODULQ� IURP� HULJHURQ� EUHYLVFDSXV� KDQG�PD]]� DQG� LWV� GHWHUPLQDWLRQ�
E\�KLJK�SHUIRUPDQFH�OLTXLG�FKURPDWRJUDSK\��Analytica Chimica Acta, 591�����±����

39. *DXU�� 5��� 6KDUPD�� $��� .KDUH�� 6�� .��� 	� *XSWD�� 0�� 1��� �������� 1RYHO� 3URFHVV� IRU�
H[WUDFWLRQ�RI�HGLEOH�RLOV��(Q]\PH�DVVLVWHG�WKUHH�SKDVH�SDUWLWLRQLQJ��($733���Bioresource 
Technology, 98�����±����

40. *DYDKLDQ��0���&KX��<��+���	�6DVWU\��6�����������([WUDFWLRQ�IURP�IRRG�DQG�QDWXUDO�SURGXFWV�
E\�PRGHUDWH�HOHFWULF�ILHOG��0HFKDQLVPV��EHQHILWV��DQG�SRWHQWLDO�LQGXVWULDO�DSSOLFDWLRQV��
Comprehensive Reviews in Food Science and Food Safety, 17������±�����

41. *KDQL��6��%��$���:HDYHU��/���	�=LGDQ��=��+�����������0LFURZDYH�DVVLVWHG�V\QWKHVLV�DQG�
DQWLPLFURELDO�DFWLYLWLHV�RI�IODYRQRLG�GHULYDWLYHV��Bioorganic and Medicinal Chemistry 
Letters, 18�����±����

42. *KLWHVFX��5�� (���9ROI�� ,��� &DUDXVX��&���	�%�KOPDQQ��$��0��� ��������2SWLPL]DWLRQ� RI�
XOWUDVRXQG�DVVLVWHG� H[WUDFWLRQ� RI� SRO\SKHQROV� IURP� VSUXFH� ZRRG� EDUN�� Ultrasonics 
Sonochemistry, 22�����±����

A
pp

le
 A

ca
de

m
ic

 P
re

ss

A
ut

ho
r C

op
y

Non Commercial Use



Plant Secondary Metabolites: Commercial Extraction 305

43. *LO��)���&XVWyGLD��)���(PLU��$���$QQHWWH��5���	�0DQXHO��$��� ��������3RO\R[RPHWDODWHV�
DV�LQKLELWRUV�RI�3�W\SH�$73DVHV�DQG�WKH�UROH�RI�SRO\SKHQROV��AISANH (Archives of the 
International Society of Antioxidants in Nutrition and Health), 5����±���

44. *LXVHSSH��&��5���&RGD��5���'H��0��$���	�'L��5��&�����������/RQJ�WHUP�IXQJDO�LQKLELWRU\�
DFWLYLW\�RI�ZDWHU�VROXEOH�H[WUDFW�IURP�Amaranthus 6SS��6HHGV�GXULQJ�VWRUDJH�RI�JOXWHQ�
IUHH�DQG�ZKHDW�IORXU�EUHDGV��International Journal of Food Microbiology, 131�����±����

45. *ULPHV��3���1RUGOXQG�� -�� -���	�3DQG\D��$��*��� �������� ,QFUHDVLQJ�RXU�XQGHUVWDQGLQJ�RI�
pigmentary disorders. Journal of the American Academy of Dermatology, 54���������±����

46. *XSWD�� $��� 1DUDQLZDO�� 0��� 	� .RWKDUL�� 9��� �������� 0RGHUQ� H[WUDFWLRQ� PHWKRGV� IRU�
SUHSDUDWLRQ�RI�ELRDFWLYH�SODQW�H[WUDFWV�� International Journal of Applied and Natural 
Sciences, 1���±���

47. +R�� .�� .�� +�� <��� )HUUX]]L�� 0�� *��� 	� /LFHDJD�� $�� 0��� �������� 0LFURZDYH�DVVLVWHG�
H[WUDFWLRQ�RI�O\FRSHQH�LQ�WRPDWR�SHHOV��(IIHFW�RI�H[WUDFWLRQ�FRQGLWLRQV�RQ�DOO�WUDQV�DQG�
Cis-isomer yields. LWT-Food Science and Technology, 62�����±����

48. +R��.��+��9��+���'H�%RHU��%��&���	�7LMEXUJ��/��%�����������&DURWHQRLG�ELRDYDLODELOLW\�
LQ�KXPDQV�IURP�WRPDWRHV�SURFHVVHG�LQ�GLIIHUHQW�ZD\V�GHWHUPLQHG�IURP�WKH�FDURWHQRLG�
UHVSRQVH�LQ�WKH�WULJO\FHULGH�ULFK�OLSRSURWHLQ�IUDFWLRQ�RI�SODVPD�DIWHU�D�VLQJOH�FRQVXPSWLRQ�
DQG�LQ�SODVPD�DIWHU�IRXU�GD\V�RI�FRQVXPSWLRQ��The Journal of Nutrition, 130������±�����

49. -DHVFKNH��'�� 3���0HUOR��(��$���	�5HFK��5��� ��������0RGHUDWH� HOHFWULF� ILHOG� LQIOXHQFH�
RQ�FDURWHQRLGV�H[WUDFWLRQ�WLPH�IURP�KHWHUR�FKORUHOOD Luteo viridis. World Academy of 
Science, Engineering, and Technology International Journal of Nutrition and Food 
Engineering, 11���±��

50. -LDR��-���:HL��)��<���*DL��4��<���:DQJ��:���/XR��0���)X��<��-���	�0D��:�����������3LORW�
VFDOH� KRPRJHQL]DWLRQ�DVVLVWHG� QHJDWLYH� SUHVVXUH� FDYLWDWLRQ� H[WUDFWLRQ� RI� Astragalus 
polysaccharides. International Journal of Biological Macromolecules, 67�����±����

51. -RKQVRQ��7��/���	�'LQNRYD�.RVWRYD��$��7��� ��������*OXFRVLQRODWHV� IURP�WKH�Brassica 
YHJHWDEOHV�DQG�WKHLU�KHDOWK�HIIHFWV��,Q��Encyclopedia of Food and Health��SS�����±�����
1HZ�<RUN��(OVHYLHU�,QF�

52. -RVKL��/��6���	�3DZDU��+��$�����������+HUEDO�FRVPHWLFV�DQG�FRVPHFHXWLFDOV��$Q�RYHUYLHZ��
Natural Products Chemistry and Research, 3�������±��

53. -XQ��;�����������$SSOLFDWLRQ�RI�KLJK�K\GURVWDWLF�SUHVVXUH�SURFHVVLQJ�RI�IRRG�WR�H[WUDFWLQJ�
O\FRSHQH�IURP�WRPDWR�SDVWH�ZDVWH��High Pressure Research, 26����±���

54. -XQ��;��� ��������&DIIHLQH� H[WUDFWLRQ� IURP�JUHHQ� WHD� OHDYHV� DVVLVWHG� E\� KLJK� SUHVVXUH�
processing. Journal of Food Engineering, 94�����±����

55. .DPLVDK��<���2WKPDQ��)���4RGUL\DK��+��0��6���	�-DDULQ��.��� ��������Parkia speciosa 
KDVVN�� $� SRWHQWLDO� SK\WRPHGLFLQH�� Evidence-Based Complementary and Alternative 
Medicine, 2013���±��

56. 3DQGH\��.��%���	�5L]YL��6��,�����������3ODQW�SRO\SKHQROV�DV�GLHWDU\�DQWLR[LGDQWV�LQ�KHDOWK�
and disease. Oxidative Medicine and Cellular Longevity, 2�����±����

57. .KDZ��.��<���3DUDW��0��2���6KDZ��3��1���	�)DOFRQHU��-��5�����������6ROYHQW�VXSHUFULWLFDO�
IOXLG� WHFKQRORJLHV� WR� H[WUDFW� ELRDFWLYH� FRPSRXQGV� IURP� QDWXUDO� VRXUFHV�� $� UHYLHZ��
Molecules, 22����������±�����

58. .ULQVN\��1��,���	�<HXP��.��-�����������&DURWHQRLG�UDGLFDO�LQWHUDFWLRQV��Biochemical and 
Biophysical Research Communications, 305���������±����

59. .XOVKUHVKWKD��*��� %XUORW��$�� 6���	�0DUW\��&��� �������� (Q]\PH�DVVLVWHG� H[WUDFWLRQ� RI�
ELRDFWLYH�PDWHULDO�IURP�Chondrus crispus and Codium fragile DQG�LWV�HIIHFW�RQ�KHUSHV�
VLPSOH[�YLUXV��+69�����Marine Drugs, 13�����±����

A
pp

le
 A

ca
de

m
ic

 P
re

ss

A
ut

ho
r C

op
y

Non Commercial Use



306 Plant-Based Functional Foods and Phytochemicals

60. .XPRUR��$��&���	�+DVDQ��0��� �������� ([WUDFWLRQ� RI� KHUEDO� FRPSRQHQWV�WKH� FDVH� IRU�
VXSHUFULWLFDO�IOXLG�H[WUDFWLRQ��Teknik, 29���������±����

61. /DQGER��$��.���	�0H\HU��$��6��� ��������(Q]\PH�$VVLVWHG�H[WUDFWLRQ�RI�DQWLR[LGDWLYH�
SKHQROV�IURP�EODFN�FXUUDQW�MXLFH�SUHVV�UHVLGXHV��Ribes nigrum). Journal of Agricultural 
and Food Chemistry, 18������±�����

62. /H��$��9���3DUNV��6��(���1JX\HQ��0��+���	�5RDFK��3��'�����������(IIHFW�RI�VROYHQWV�DQG�
H[WUDFWLRQ�PHWKRGV�RQ�UHFRYHU\�RI�ELRDFWLYH�FRPSRXQGV�IURP�GHIDWWHG�JDF��Momordica 
cochinchinensis Spreng.) seeds. Separations, 5����±���

63. /HERYND��1��,���6K\QNDU\N��0���	�9RURELHY��(�����������0RGHUDWH�(OHFWULF�ILHOG�WUHDWPHQW�
RI�VXJDU�EHHW�WLVVXHV��Biosystems Engineering, 96����±���

64. /L��%��%���6PLWK��%���	�+RVVDLQ��0��0��� ��������([WUDFWLRQ�RI�SKHQROLFV� IURP�FLWUXV�
SHHOV��,,��(Q]\PH�DVVLVWHG�H[WUDFWLRQ�PHWKRG��Separation and Purification Technology, 
48�����±����

65. /L��6���)X��<���=X��<���=X��%���:DQJ��<���	�(IIHUWK��7�����������'HWHUPLQDWLRQ�RI�SDFOLWD[HO�
DQG�LWV�DQDORJXHV�LQ�WKH�QHHGOHV�RI�WD[XV�VSHFLHV�E\�XVLQJ�QHJDWLYH�SUHVVXUH�FDYLWDWLRQ�
H[WUDFWLRQ�IROORZHG�E\�+3/&�06�06��Journal of Separation Science, 32������±�����

66. /LX��'���9RURELHY��'���6DYRLUH��5���	�/DQRLVHOOH��-��/�����������([WUDFWLRQ�RI�SRO\SKHQROV�
IURP� JUDSH� VHHGV� E\� XQFRQYHQWLRQDO� PHWKRGV� DQG� H[WUDFW� FRQFHQWUDWLRQ� WKURXJK�
polymeric membrane. 11th International Congress on Engineering and Food, 2011, 
����±�����

67. /LX��:���)X��<���=X��<���.RQJ��<���=KDQJ��/���=X��%���	�(IIHUWK��7�����������1HJDWLYH�
SUHVVXUH�FDYLWDWLRQ�H[WUDFWLRQ�IRU�WKH�GHWHUPLQDWLRQ�RI�IODYRQRLGV�LQ�SLJHRQ�SHD�OHDYHV�
by liquid chromatography-tandem mass spectrometry. Journal of Chromatography A, 
1216������±�����

68. /LX��=���(VYHOG��(���9LQFNHQ��-��3���	�%UXLQV��0��(�����������3XOVHG�HOHFWULF�ILHOG�DV�DQ�
DOWHUQDWLYH� SUH�WUHDWPHQW� IRU� GU\LQJ� WR� HQKDQFH� SRO\SKHQRO� H[WUDFWLRQ� IURP� IUHVK� WHD�
OHDYHV��Food and Bioprocess Technology, 12�����±����

69. /ySH]��0��'���-RUGiQ��0��-���	�3DVFXDO�9LOODORERV��0��-�����������7R[LF�FRPSRXQGV�LQ�
HVVHQWLDO�RLOV�RI�FRULDQGHU��FDUDZD\��DQG�EDVLO�DFWLYH�DJDLQVW�VWRUHG�ULFH�SHVWV��Journal of 
Stored Products Research, 44�����±����

70. 0DQDFK��&���+XEHUW��-���/ORUDFK��5���	�6FDOEHUW��$�����������7KH�&RPSOH[�/LQNV�%HWZHHQ�
Dietary Phytochemicals and Human Health Deciphered by Metabolomics. Molecular 
Nutrition and Food Research, 53������±�����

71. 0DUWLQ�6PLWK��0���	�6QHDGHU��:��(�����������%LRORJLFDO�DFWLYLW\�RI�WKH�WHUSHQRLGV�DQG�
WKHLU�GHULYDWLYHV��5HFHQW�DGYDQFHV��Progress in Drug Research, 13����±����

72. 0F*UDZ��.��-���	�$UGLD��'��5�����������&DURWHQRLGV��,PPXQRFRPSHWHQFH��DQG�WKH�LQIRUPD-
WLRQ�FRQWHQW�RI�VH[XDO�FRORUV��$Q�H[SHULPHQWDO�WHVW��The American Naturalist, 162�����±����

73. 0LQLDWL��(��� ��������$VVHVVPHQW�RI�SKHQROLF�FRPSRXQGV� LQ�ELRORJLFDO�VDPSOHV��Annal 
Instituto Superiore di Sanita (Annal Higher Health Institute), 43�����±����

74. Murphy, M., (1999). Plant products as antimicrobial agents. Clinical Microbiology 
Reviews, 12�����±����

75. 1DJDUDMDQ�� -��� 5DPDQDQ�� 5�� 1��� 	� 5DJKXQDQGDQ�� 0�� (��� ��������Nutraceutical and 
Functional Food Components��SS�����±������1HZ�<RUN��(OVHYLHU�,QF�

76. 1DJHQGUD�&KDUL��.��/���	�0DQDVD��'�����������(Q]\PH�DVVLVWHG�H[WUDFWLRQ�RI�ELRDFWLYH�
FRPSRXQGV�IURP�JLQJHU��Zingiber officinale Roscoe). Food Chemistry, 139�����±����

77. 1FXEH��%���	�9DQ�6WDGHQ��-�����������7LOWLQJ�SODQW�PHWDEROLVP�IRU�LPSURYHG�PHWDEROLWH�
ELRV\QWKHVLV�DQG�HQKDQFHG�KXPDQ�EHQHILW��Molecules, 20�������±������

A
pp

le
 A

ca
de

m
ic

 P
re

ss

A
ut

ho
r C

op
y

Non Commercial Use



Plant Secondary Metabolites: Commercial Extraction 307

78. 1J��/��7���.R��+��+���	�/X��7��0�����������3RWHQWLDO�$QWLR[LGDQWV�DQG�W\URVLQDVH�LQKLELWRUV�
IURP�V\QWKHWLF�SRO\SKHQROLF�GHR[\EHQ]RLQV��Bioorganic and Medicinal Chemistry, 17, 
����±�����

79. 1RRURODKL��=��� 6DKDUL��0��$���%DU]HJDU��0���'RUDNL��1���	�1DJKGL�%DGL��+��� ��������
(YDOXDWLRQ�DQWLR[LGDQW�DQG�DQWLPLFURELDO�HIIHFWV�RI�FLQQDPRQ�HVVHQWLDO�RLO�DQG�HFKLQDFHD�
extract in kolompe. Journal of Medicinal Plants, 12����±���

80. 1\DPLHQ��<���%HOOHYLOOH��0��3���&RXOLEDO\��$���$GLPD��$���	�%LHJR��*�����������([WUDFWLRQ�
DQG�FRQFHQWUDWLRQ�RI�ELRDFWLYH�FRPSRXQGV�RI�Cola nitida XVLQJ�PHPEUDQH�SURFHVVHV��
$QDO\VLV�RI�RSHUDWLQJ�SDUDPHWHUV�DQG�PHPEUDQH�IRXOLQJ��European Journal of Nutrition 
and Food Safety, 7����±����

81. 2SDUD�� (�� ,��� 	� &KRKDQ�� 0��� �������� &XOLQDU\� KHUEV� DQG� VSLFHV�� 7KHLU� ELRDFWLYH�
SURSHUWLHV��7KH�FRQWULEXWLRQ�RI�SRO\SKHQROV�DQG�WKH�FKDOOHQJHV�LQ�GHGXFLQJ�WKHLU� WUXH�
KHDOWK�EHQHILWV��International Journal of Molecular Sciences, 15�������±������

82. 2ZHQ��5��-���	�3DORPER��(��$�����������$QWL�OLVWHULDO�DFWLYLW\�RI�HWKDQROLF�H[WUDFWV�RI�
medicinal plants, Eremophila alternifolia and Eremophila duttonii��LQ�IRRG�KRPRJHQDWHV�
and milk. Food Control, 18�����±����

83. 3DGXFK�� 5��� .DQGHIHU�6]HUV]HĔ�� 0��� 7U\WHN�� 0��� 	� )LHGXUHN�� -��� �������� 7HUSHQHV��
6XEVWDQFHV� 8VHIXO� LQ� KXPDQ� KHDOWKFDUH�� Archivum Immunologiae et Therapiae 
Experimentalis (The Archive Immunologie and Experimental Therapies), 55 (5), 
���±����

84. 3DGXFK��5���7U\WHN��0���.UyO��6��.���	�.XG��-�����������%LRORJLFDO�DFWLYLW\�RI�WHUSHQH�
compounds produced by biotechnological methods. Pharmaceutical Biology, 54 (6), 
����±�����

85. 3DQDQXQ�� 7��� 	�0RQWDOER�/RPER\�� 0��� �������� +LJK�SRZHU� XOWUDVRQLFDWLRQ�DVVLVWHG�
H[WUDFWLRQ� RI� VR\EHDQ� LVRIODYRQHV� DQG� HIIHFW� RI� WRDVWLQJ�� LWT-Food Science and 
Technology, 47�����±����

86. 3DQGH\��.��%���	�5L]YL�� 6�� ,��� �������� 3ODQW� 3RO\SKHQROV� DV�'LHWDU\�$QWLR[LGDQWV� LQ�
Human Health and Disease. Oxidative Medicine and Cellular Longevity, 2�����±����

87. 3DQR]]R��$���/HPPHQV��/���	�9DQ��/��$�����������0LFURVWUXFWXUH�DQG�ELRDFFHVVLELOLW\�RI�
GLIIHUHQW�FDURWHQRLG�VSHFLHV�DV�DIIHFWHG�E\�KLJK�SUHVVXUH�KRPRJHQL]DWLRQ��$�FDVH�VWXG\�
on tomatoes. Food Chemistry, 141������±�����

88. 3HUHLUD��5��1���5RGULJXHV��5��0���	�*HQLVKHYD��=�����������(IIHFWV�RI�RKPLF�KHDWLQJ�RQ�
H[WUDFWLRQ�RI�IRRG�JUDGH�SK\WRFKHPLFDOV�IURP�FRORUHG�SRWDWR��LWT-Food Science and 
Technology, 74�����±����

89. 3RRMDU\��0��� %DUED�� )���$OLDNEDULDQ�� %���	�'RQVu�� )��� �������� LQQRYDWLYH� DOWHUQDWLYH�
WHFKQRORJLHV�WR�H[WUDFW�FDURWHQRLGV�IURP�PLFURDOJDH�DQG�VHDZHHGV��Marine Drugs, 14, 
�±���

90. 3RSRYD��,��(���+DOO��&���	�.XEiWRYi��$�����������'HWHUPLQDWLRQ�RI�OLJQDQV�LQ�IOD[VHHG�
XVLQJ� OLTXLG� FKURPDWRJUDSK\� ZLWK� WLPH�RI�IOLJKW� PDVV� VSHFWURPHWU\�� Journal of 
Chromatography A, 1216�����±����

91. 3UDGR��-��0���3UDGR��*��+��&���	�0HLUHOHV��0��$�����������6FDOH�XS�VWXG\�RI�VXSHUFULWLFDO�
IOXLG�H[WUDFWLRQ�SURFHVV�IRU�FORYH�DQG�VXJDUFDQH�UHVLGXH��The Journal of Supercritical 
Fluids, 56�����±����

92. 3XUL��0���6KDUPD��'���	�%DUURZ��&��-�����������(Q]\PH�DVVLVWHG�H[WUDFWLRQ�RI�ELRDFWLYHV�
IURP�SODQWV��Trends in Biotechnology, 30����±���

93. 4LORQJ��5���+XDELQ��;���	�=RQJEL��%��$��2�����������5HFHQW�DGYDQFHV�LQ�VHSDUDWLRQ�RI�
ELRDFWLYH�QDWXUDO�SURGXFWV��Chinese Journal of Chemical Engineering, 21�����±����

A
pp

le
 A

ca
de

m
ic

 P
re

ss

A
ut

ho
r C

op
y

Non Commercial Use



308 Plant-Based Functional Foods and Phytochemicals

94. 4XDJOLDULHOOR��9���,DIIDLROL��5��9���	�)DOFRQH��0�����������(IIHFW�RI�SXOVHG�HOHFWULF�ILHOGV�
DVVLVWHG�H[WUDFWLRQ�RQ�DQWL�LQIODPPDWRU\�DQG�F\WRWR[LF�DFWLYLW\�RI�EURZQ�ULFH�ELRDFWLYH�
compounds. Food Research International, 87�����±����

95. 5DGRMFLF��,���*OLYHWLF��7���'HORQJD��.���	�9RUNDSLF��-�����������*OXFRVLQRODWHV�DQG�WKHLU�
potential role in plant. Periodicum Biologorum, 110�����±����

96. 5DPDZDW��.��*���'DVV�� 6���	�0DWKXU��0��� ��������Herbal Drugs: Ethnomedicine to 
Modern Medicine��SS�����±������1HZ�<RUN��1<��6SULQJHU�

97. 5LEHLUR��$���(VWDQTXHLUR��0���2OLYHLUD��0���	�6RXVD��/��-�����������0DLQ�EHQHILWV�DQG�
DSSOLFDELOLW\�RI�SODQW�H[WUDFWV�LQ�VNLQ�FDUH�SURGXFWV��Cosmetics, 2����±���

98. 5RRKLQHMDG�� 6��� .RXEDD�� 0��� 	� %DUED�� )�� -��� �������� 1HJDWLYH� SUHVVXUH� FDYLWDWLRQ�
H[WUDFWLRQ��$� QRYHO� PHWKRG� IRU� H[WUDFWLRQ� RI� IRRG� ELRDFWLYH� FRPSRXQGV� IURP� SODQW�
materials. Trends in Food Science and Technology, 52����±����

99. 5RVHOOy�6RWR�� (��� %DUED�� )�� -��� 	� 3DUQLDNRY�� 2��� �������� +LJK� YROWDJH� HOHFWULFDO�
GLVFKDUJHV�� SXOVHG� HOHFWULF� ILHOG�� DQG� XOWUDVRXQG� DVVLVWHG� H[WUDFWLRQ� RI� SURWHLQ� DQG�
SKHQROLF�FRPSRXQGV�IURP�ROLYH�NHUQHOV��Food and Bioprocess Technology, 8�����±����

100. 5RVWDJQR��0��$���9LOODUHV��$���	�*XLOODPyQ�� (��� �������� 6DPSOH� SUHSDUDWLRQ� IRU� WKH�
DQDO\VLV�RI� LVRIODYRQHV�IURP�VR\EHDQV�DQG�VR\�IRRGV��Journal of Chromatography A, 
1216���±���

101. 6DVLGKDUDQ�� 6��� &KHQ�� <��� 6DUDYDQDQ�� '��� 6XQGUDP�� .�� 0��� 	� <RJD�� /�� /��� ��������
([WUDFWLRQ��LVRODWLRQ��DQG�FKDUDFWHUL]DWLRQ�RI�ELRDFWLYH�FRPSRXQGV�IURP�SODQW�H[WUDFWV��
African Journal of Traditional, Complementary, and Alternative Medicine, 8���±���

102. 6DVWU\�� 6��.��� 6K\QNDU\N��0���	�6RPDYDW��5��� ��������2KPLF� DQG�0RGHUDWH� HOHFWULF�
ILHOG�SURFHVVLQJ��'HYHORSPHQWV�DQG�QHZ�DSSOLFDWLRQV��Paper Presentation at the 11th 
International Congress on Engineering and Food (p. 3). Athens, Greece.

103. 6FDOEHUW��$��� 	�:LOOLDPVRQ�� *��� �������� &KRFRODWH��0RGHUQ� 6FLHQFH� LQYHVWLJDWHV� DQ�
DQFLHQW�PHGLFLQH�GLHWDU\�LQWDNH�DQG�ELRDYDLODELOLW\�RI�SRO\SKHQROV��Journal of Medicinal 
Food, 1������±�����

104. 6HOYDPXWKXNXPDUDQ��0���	�6KL��-�����������5HFHQW�DGYDQFHV�LQ�H[WUDFWLRQ�RI�DQWLR[LGDQWV�
IURP�SODQW�E\�SURGXFWV�SURFHVVLQJ�LQGXVWULHV��Food Quality and Safety, 1����±���

105. 6HQVR\��,���	�6DVWU\��6��.�����������([WUDFWLRQ�XVLQJ�PRGHUDWH�HOHFWULF�ILHOGV��Journal of 
Food Science, 69���±���

106. 6HUUDQR��$���5RV��*���	�1LHWR��*�����������%LRDFWLYH�&RPSRXQGV�DQG�H[WUDFWV��7UDGLWLRQDO�
KHUEV�DQG�WKHLU�SRWHQWLDO�DQWL�LQIODPPDWRU\�KHDOWK�HIIHFWV��Medicines, 5�������±��

107. 6LQJK��$��.���6ULYDVWDYD��$���.XPDU��9���	�6LQJK��.�����������3K\WRFKHPLFDOV��PHGLFLQDO��
DQG� IRRG� DSSOLFDWLRQV� RI� VKDWDYDUL� �Asparagus racemosus���$Q� XSGDWHG� UHYLHZ��The 
Natural Products Journal, 8����±���

108. 6SLJQR��*���	�'H�)DYHUL��'��0�����������0LFURZDYH�DVVLVWHG�H[WUDFWLRQ�RI�WHD�SKHQROV��
A phenomenological study. Journal of Food Engineering, 93�����±����

109. .XPDU��6���9LYHN��9���6XMDWD��6���	�$VKLVK��%�����������+HUEDO�FRVPHWLFV��8VHG�IRU�VNLQ�
and hair. Inventi Rapid, 4���±��

110. 7DXFKHU��-���%DHU��6���	�6FKZHUQD��3��� ��������&HOO�GLVUXSWLRQ�DQG�SUHVVXUL]HG� OLTXLG�
H[WUDFWLRQ�RI�FDURWHQRLGV�IURP�PLFURDOJDH��Journal of Thermodynamics and Catalysis, 
7�����±����

111. 7LDQ��+��� /L��:��<��� ;LDR�� '��� /L�� =��0���	�:DQJ�� -��:��� �������� 1HJDWLYH�SUHVVXUH�
FDYLWDWLRQ�H[WUDFWLRQ�RI�VHFRLVRODULFLUHVLQRO�GLJO\FRVLGH�IURP�IOD[VHHG�FDNHV��Molecules, 
20�������±������

A
pp

le
 A

ca
de

m
ic

 P
re

ss

A
ut

ho
r C

op
y

Non Commercial Use



Plant Secondary Metabolites: Commercial Extraction 309

112. 7RGLVFR�� 6��� 7DOODULFR�� 3��� 	� *XSWD�� %�� %��� �������� 0DVV� WUDQVIHU� DQG� SRO\SKHQROV�
UHWHQWLRQ� LQ� WKH� FODULILFDWLRQ� RI� EODFN� WHD�ZLWK� FHUDPLF�PHPEUDQHV�� Innovative Food 
Science & Emerging Technologies, 3�����±����

113. 7RHSIO��6���0DWK\V��$���+HLQ]��9���	�.QRUU��'��� ��������3RWHQWLDO�RI�KLJK�K\GURVWDWLF�
SUHVVXUH� DQG� SXOVHG� HOHFWULF� ILHOGV� IRU� HQHUJ\� HIILFLHQW� DQG� HQYLURQPHQWDOO\� IULHQGO\�
IRRG�SURFHVVLQJ��Food Reviews International, 22�����±����

114. 7RQWKXEWKLPWKRQJ�� 3��� &KXDSUDVHUW�� 6��� 'RXJODV�� 3��� 	� /XHZLVXWWKLFKDW��:��� ��������
Supercritical CO2� H[WUDFWLRQ� RI� QLPELQ� IURP� QHHP� VHHGV�� $Q� H[SHULPHQWDO� VWXG\��
Journal of Food Engineering, 47�����±����

115. 9DOGpV��$��� 0HOOLQDV��$�� &��� 	� 5DPRV�� 0��� �������� 8VH� RI� KHUEV�� VSLFHV�� DQG� WKHLU�
ELRDFWLYH�FRPSRXQGV�LQ�DFWLYH�IRRG�SDFNDJLQJ��RSC Advances, 5�������±������

116. 9LQDWRUX��0���7RPD��0���5DGX��2���)LOLS��3�� ,���/D]XUFD��'���	�0DVRQ��7�� -��� ��������
7KH�XVH�RI�XOWUDVRXQG� IRU� WKH�H[WUDFWLRQ�RI�ELRDFWLYH�SULQFLSOHV� IURP�SODQW�PDWHULDOV��
Ultrasonics Sonochemistry, 4�����±����

117. :DQJ��6�����������$QWL�VNLQ�DJLQJ�DFWLYLW\�RI�D�VWDQGDUGL]HG�H[WUDFW�IURP�SDQD[�JLQVHQJ�
OHDYHV�in vitro DQG�LQ�KXPDQ�YROXQWHHU��Cosmetics, 4����±���

118. :DQJ��<���	�:DQJ��;�����������%LQGLQJ��VWDELOLW\�DQG�DQWLR[LGDQW�DFWLYLW\�RI�TXHUFHWLQ�
with soy protein isolate particles. Food Chemistry, 188����±���

119. :HLQHUW��0���	�)HUQDQGR��*��:�����������$QWLIHUURPDJQHWLVP�RI�&X22 layers. Physical 
Review B, 39���������±����

120. ;LDR��-���&DSDQRJOX��(���-DVVEL��$��5���	�0LURQ��$�����������$GYDQFH�RQ�WKH�IODYRQRLG�
&�JO\FRVLGHV�DQG�KHDOWK�EHQHILWV��Critical Reviews in Food Science and Nutrition. 56, 
��±���

121. =HQJ��+���:DQJ��<���.RQJ��-���1LH��&���	�<XDQ��<�����������,RQLF�OLTXLG�EDVHG�PLFURZDYH�
DVVLVWHG�H[WUDFWLRQ�RI�UXWLQ�IURP�&KLQHVH�PHGLFLQDO�SODQWV��Talanta, 83�����±����

122. =KDQJ�� +�� )��� <DQJ�� ;�� +��� 	�:DQJ�� <��� �������� 0LFURZDYH�DVVLVWHG� H[WUDFWLRQ� RI�
VHFRQGDU\�PHWDEROLWHV�IURP�SODQWV��&XUUHQW�VWDWXV�DQG�IXWXUH�GLUHFWLRQV��Trends in Food 
Science and Technology, 22�����±����

123. =KDQJ�� =��� 3DQJ�� ;��� ;XHZX�� '��� -L�� =��� 	� -LDQJ��<��� �������� 5ROH� RI� SHUR[LGDVH� LQ�
DQWKRF\DQLQ�GHJUDGDWLRQ�LQ�OLWFKL�IUXLW�SHULFDUS��Food Chemistry, 90����±���

124. =KRX��+��<���	�/LX��&�� =��� ��������0LFURZDYH�DVVLVWHG� H[WUDFWLRQ� RI� VRODQHVRO� IURP�
WREDFFR�OHDYHV��Journal of Chromatography A, 1129�����±����

A
pp

le
 A

ca
de

m
ic

 P
re

ss

A
ut

ho
r C

op
y

Non Commercial Use



A
pp

le
 A

ca
de

m
ic

 P
re

ss

A
ut

ho
r C

op
y

Non Commercial Use



BIOACTIVE COMPOUNDS FROM 
IN-VITRO CULTURE OF SWERTIA 
CHIRAYITA (ROXB. EX FLEM.) 
KARSTEN: IDENTIFICATION AND 
QUANTIFICATION

RITUPARNA KUNDU CHAUDHURI and DIPANKAR CHAKRABORTI

CHAPTER 10

ABSTRACT

Swertia chirayita (or S. chirata�� LV� WUDGLWLRQDOO\� XVHG� IRU� LWV� ELRDFWLYH�
PROHFXOHV�LQ�KHDOWK�FDUH��(IILFLHQW�UHJHQHUDWLRQ�PHWKRGV�RI�S. chirata under 
in vitro� FRQGLWLRQ� SURYLGHG� QRYHO� WRROV� RI� SODQW� SURGXFWLRQ� HQULFKHG�ZLWK�
VHFRQGDU\�PHWDEROLWHV�� +37/&� DQG� /&�(6,�06�06�ZHUH� XVHG� WR� GHWHFW�
DQG�TXDQWLI\�WKH�VHFRLULGRLG�JO\FRVLGHV�DQG�PDQJLIHULQ�IURP�in vitro grown 
S. chirata�SODQW�VDPSOHV��(QKDQFHG�V\QWKHVLV�RI�PDQJLIHULQ���������������
GXULQJ�YHJHWDWLYH�JURZWK�RI�WLVVXH�FXOWXUH�UDLVHG�SODQWV�ZLWK�UHIHUHQFH�WR�WKH�
GRQRU�SODQW�ZDV�FRQILUPHG�WKURXJK�+37/&��7KH�/&�(6,��06�06�VWXGLHV�
KDYH�FRQILUPHG�WKDW�in vitro�JURZQ�SODQWV�ZHUH�HTXDOO\�FDSDEOH�WR�V\QWKHVL]H�
PDQJLIHULQ��DPDURJHQWLQ��DPDURVZHULQ��VZHURVLGH��DQG�VZHUWLDPDULQ�

10.1 INTRODUCTION

3ODQW�EDVHG�GUXJV�IURP�VHFRQGDU\�PHWDEROLWHV�FRQVWLWXWH�PRUH�WKDQ�����RI�
DSSURYHG�QHZ�GUXJV�GXULQJ� ODVW����\HDUV��$OVR������RI� WKH�FRPPHUFLDOO\�
VXFFHVVIXO�PHGLFLQDO�FRPSRQHQWV�ZHUH�GHYHORSHG�EDVHG�RQ�NQRZOHGJH�IURP�
SODQW�VHFRQGDU\�PHWDEROLWHV�DQG�WKHLU�VWUXFWXUHV�>�����@�

Swertia chirayita (Roxb. ex Flem.) Karsten or Swertia chirata Buch.-
+DP��([�:DOO���)DPLO\��Gentianaceae��+LQGL��Chirayata, Charaita��(QJOLVK��
IHOZRUWV��LV�SRWHQWLDO�HWKQRPHGLFLQDO�KHUE�UHSRUWHG�LQ�,QGLDQ�3KDUPDFHXWLFDO�

A
pp

le
 A

ca
de

m
ic

 P
re

ss

A
ut

ho
r C

op
y

Non Commercial Use



312 Plant-Based Functional Foods and Phytochemicals

FRGH[�� %ULWLVK�� DQG� $PHULFDQ� 3KDUPDFRSRHLDV�� &RQYHQWLRQDO� DQG� QDWLYH�
PHGLFDWLRQ� V\VWHPV� �VXFK� DV�� $\XUYHGD�� 8QDQL�� DQG� 6LGGKD�� KDYH� DOVR�
UHFRJQL]HG�WKH�VDIH�DQG�SRWHQW�XVH�RI�WKLV�KHUE�DV�D�FUXFLDO�PHGLFLQDO�SODQW��
7KLV�SODQW�LV�XVHG�DV�D�SXUL¿HU�RI�EORRG�LQ�OHYHU�GLVHDVHV��$OVR��LW�KDV�DQWL�
LQÀDPPDWRU\�� DQWL�SODWHOHW�� DQWL�FDQFHURXV�� DQWLIXQJDO�� DQG� DQWL�PDODULDO�
DFWLYLWLHV�>�@��7KH�VWLPXODWLRQ�RI�FHQWUDO�QHUYRXV�V\VWHP�LV�DQRWKHU�DSSOLFD-
WLRQ�RI�S. chirata�H[WUDFW�>�@�

$PRQJ�DOO�VSHFLHV�RI�WKLV�SODQW�LQ�,QGLD��S. chirata (Appendix-I) holds 
PRVW�VLJQL¿FDQW�SRVLWLRQ�IRU�LWV�GHPDQG�LQ�QDWLRQDO�DQG�LQWHUQDWLRQDO�PDUNHW�
EHFDXVH�RI�KLJK�\LHOG�RI�ELRDFWLYH�FRPSRXQGV��0RUH�WKDQ�����WRQV�RI�GULHG�
SODQWV� DUH� EHLQJ� H[SRUWHG� IURP� ,QGLD� WR� WKH� IRUHLJQ�PDUNHW� DQQXDOO\� DQG�
WKH�GHPDQG�LV�LQFUHDVLQJ�#�����HYHU\�\HDU��,QGLVFULPLQDWH�KDUYHVWLQJ�DQG�
RYHUH[SORLWDWLRQ�RI�WKLV�SODQW�IURP�WKH�ZLOG�E\�WUDGHUV�KDV�HQOLVWHG�WKH�SODQW�
as critically endangered in their natural habitat, while medicinal plant board 
RI�,QGLD�KDV�WDJJHG�LW�DV�D�SULRULW\�SODQW�

.HHSLQJ�LQ�YLHZ�LWV�GHPDQG�LQ�IRUHLJQ�DQG�QDWLRQDO�PDUNHW�DQG�FULWLFDOO\�
HQGDQJHUHG�VWDWXV�LQ�,QGLD��VXVWDLQDEOH�XWLOL]DWLRQ�RI�WKLV�SODQW�LV�D�SUHUHTXL-
VLWH�ZLWK�YDULRXV�PHGLFLQDOO\�LPSRUWDQW�DFWLYH�SULQFLSOHV��9DULRXV�PHWKRGV�RI�
in vitro�FXOWXUHV�KDYH�EHHQ�GHPRQVWUDWHG�E\�GL൵HUHQW�DXWKRUV�LQ�UHFHQW�WLPHV�
>������@��+RZHYHU��PLFUR�SURSDJDWLRQ�XWLOL]LQJ�GL൵HUHQW�H[SODQWV��VXFK�DV��
QRGDO� PHULVWHP�� OHDI�� DQG� LPPDWXUH� VHHG� FXOWXUH�� >�±�@� RI� WKLV� SODQW� IRU�
FRQVHUYDWLRQ�RI�WKH�JHUPSODVP�KDV�DOUHDG\�EHHQ�HVWDEOLVKHG�

3ODQWV� EHORQJLQJ� WR� ³JHQXV�� Swertia´ KDYH� WKH� SUHVHQFH� RI� IROORZLQJ�
ELRDFWLYH�FRPSRXQGV�

• ��������WHWUDK\GUR[\[DQWKRQH�
• ������WULK\GUR[\���PHWKR[\[DQWKRQH�
• ����GLK\GUR[\�����GLPHWKR[\[DQWKRQH�
• ����GLK\GUR[\�����GLPHWKR[\[DQWKRQH�
• ��K\GUR[\���������WHWUDPHWKR[\[DQWKRQH�
• ��K\GUR[\���������WHWUDPHWKR[\[DQWKRQH�
• ��K\GUR[\�������WULPHWKR[\[DQWKRQH�
• ��K\GUR[\O���������WHWUDPHWKR[\[DQWKRQH�
• $PDURJHQLWLQH�
• %DODQRSKRQLQ�
• 0DQJHIHULQ�
• 0DVOLQLF�DFLG�
• 2OHDQROLF�DFLG�
• 6DZHUWLDPDULQH��DQG
• Sumaresinolic acid.
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Bioactive Compounds From In-Vitro Culture 313

(DUOLHU�SK\WRFKHPLFDO�LQYHVWLJDWLRQV�RQ�WKH�SODQW�UHVXOWHG�LQ�WKH�LVRODWLRQ�
RI�PDQJLIHULQ�DQG�RWKHU�VHFRLULGRLG�JO\FRVLGHV��VXFK�DV��DPDURJHQWLQ��DPDUR-
VZHULQ��VZHURVLGHDQG�VZHUWLDPDULQ��7KH�DPDURJHQWLQ�DQG�DPDURVZHULQ�KDYH�
WKH� VLPLODU� VWUXFWXUH�� H[FHSW� WKH� VXEVWLWXWLRQ� RI� 5�� E\� �+� LQ� DPDURJHQWLQ�
and-OH in amaroswerin Similarly, R is substituted by -H in sweroside and R 
LV�VXEVWLWXWHG�E\��2+�LQ�VZHUWLDPDULQ��UHVSHFWLYHO\��)LJXUH�������

0DQJLIHULQ� �D� [DQWKRQH�&�JO\FRVLGH�� KDV� WD[RQRPLFDOO\� H[FOXVLYH�
FKDUDFWHULVWLFV�IURP�ELRJHQHVLV�DQG�GLVWULEXWLRQ�SRLQW�RI�YLHZ��;DQWKRQHV�DUH�
JURXS�RI�FRPSRXQGV�WKDW�H[KLELW�ELRORJLFDO�DQG�SKDUPDFRORJLFDO�DFWLYLWLHV��
VXFK�DV��DQWLWXPRU��DQWLYLUDO��DQWLR[LGDQW��DQWLGLDEHWLF��LPPXQR�PRGXODWRU\��
F\WRWR[LF�� DQWL�LQÀDPPDWRU\�� DQWLPLFURELDO�� DQG�DQWLIXQJDO� >��� ��� ��@��7KH�
secoiridoid glycosides (Figure 10.1) on the other hand occur in limited 
IDPLOLHV�RI�DQJLRVSHUPV�DQG�KDYH�EHHQ�XVHG�DV�HVVHQWLDO�FKHPRWD[RQRPLF�
PDUNHU�>��@��7KRVH�JO\FRVLGHV�SRVVHVV�ELRDFWLYLWLHV��VXFK�DV��DQWLEDFWHULDO��
DQWL�FKROLQHUJLF��FKHPR�SUHYHQWLYH�DQG�DQWL�KHSDWLWLV�

FIGURE 10.1 %LRFKHPLFDO�VWUXFWXUHV��7RS��0DQJLIHULQ��FHQWHU��$PDURJHQWLQ��5� �+�DQG�
DPDURVZHLUQ��5� �2+��ERWWRP��6ZHURVLGH��5� �+�DQG�VZHUWLDPDULQ��5� �2+�
Source: 0RGLILHG�DQG�DGDSWHG�IURP�5HI��>��@�
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314 Plant-Based Functional Foods and Phytochemicals

9HU\� IHZ� DWWHPSWV� KDYH� EHHQ� PDGH� LQ� WKH� SDVW� WR� GHWHFW� ELRDFWLYH�
FRPSRXQGV� IURP� WKH� in vitro grown S. chirata� FXOWXUHV�� 6\QWKHVLV� RI�
DPDURJHQWLQ�IURP�URRW�FXOWXUH�RI�Agrobacterium rhizogenes� WUDQVIRUPHG�
S. chirata has been reported by Keil et al. >��@��ZKLOH�,VKLPDUX�HW�DO��>��@�
UHSRUWHG�DPDURJHQWLQ��DPDURVZHULQ��DQG�IRXU�[DQWKRQHV�LQ�S. japonica root 
culture.

In this chapter, the Swertia chirayita (or S. chirata) plants raised through 
YDULRXV� H[SODQWV� ZHUH� DQDO\]HG� WR� LGHQWLI\� DQG� TXDQWLI\� LWV� VHFRQGDU\�
PHWDEROLWHV��DQG�PLFUR�SURSDJDWLRQ�RI�WKLV�SODQW�IURP�D[LOODU\�PHULVWHP�ZDV�
HYDOXDWHG�IRU�OHYHO�RI�VHFRQGDU\�PHWDEROLWHV�

10.2 MATERIALS AND METHODS

10.2.1 QUANTITATIVE ANALYSIS OF MANGIFERIN THROUGH 
HPTLC FROM IN VIVO AND IN VITRO GROWN PLANTS

,Q� WKLV� UHVHDUFK� VWXG\�� WZR� GLIIHUHQW� H[SHULPHQWV� ZHUH� FDUULHG� RXW� ZLWK�
in vivo and in vitro� JURZQ� SODQWV�� ,Q� ILUVW� H[SHULPHQW�� PDQJLIHULQ� ZDV�
TXDQWLWDWHG�IURP�ILHOG�JURZQ�DQG�in vitro�JURZQ�SODQW�PDWHULDO��VKRRWV�IURP�
QRGH�DQG�FDOOXV� UHJHQHUDWHG�SODQWV�� >����@� WKURXJK�KLJK�SHUIRUPDQFH� WKLQ�
OD\HU�FKURPDWRJUDSK\��+37/&��WHFKQLTXH��7KH�VHFRQG�H[SHULPHQWDO�VHW�XS�
was conducted on in vitro�JURZQ�SODQWV�WR�GHWHFW�DQG�TXDQWLI\�PDQJLIHULQ��
amarogentin, amaroswerin, sweroside, and swertiamarin through liquid 
FKURPDWRJUDSK\�HOHFWUR� VSUD\� LRQL]DWLRQ� WDQGHP� PDVV� VSHFWURVFRS\�
�/&�(6,�06�06�� WHFKQLTXH�� ,Q� WKH� VHFRQG� H[SHULPHQW�� WKH� JHQHUDWHG�
IUDJPHQWDWLRQ�SDWWHUQV�IURP�WKHVH�FRPSRXQGV�ZHUH�DQDO\]HG�DQG�FRPSDUHG�
ZLWK�VLPLODU�FRPSRXQGV�IURP�ILHOG�JURZQ�SODQWV�LQ�DQ�HDUOLHU�UHSRUW�>��@��
7KHUHIRUH��SUHVHQFH�RI�WKHVH�ELRDFWLYH�FRPSRXQGV�ZDV�FRQILUPHG�IURP�in 
vitro culture.

S. chirata��D�WHPSHUDWXUH�VHQVLWLYH�SODQW�LV�JURZQ�LQ�GL൵HUHQW�HOHYDWLRQ�
DQG�DJUR�FOLPDWLF�FRQGLWLRQV�LQ�WKH�KLOOV��ZHUH�FROOHFWHG�IURP�6LNNLP��DQG�
ZHUH�JURZQ�DVHSWLFDOO\� LQ� WKH�FRQWUROOHG�HQYLURQPHQW��7KH�SK\WRFKHPLFDO�
DQDO\VHV� ZHUH� SHUIRUPHG� IURP� GL൵HUHQW� WLVVXHV� IRU� VHOHFWLYH� ELRDFWLYH�
FRPSRXQGV�XVLQJ�DGYDQFHG�DQDO\WLFDO�LQVWUXPHQWV��VXFK�DV��+37/&�DQG�/&�
ESI��06�06�

$ERXW���J�RI�GU\�ZHLJKW�RI�VDPSOHV�ZDV�VXEMHFWHG�WR�H[WUDFWLRQ��LQ�WKUHH�
EDWFKHV���L��IURP���PRQWKV�ROG�¿HOG�JURZQ�PRWKHU�SODQW��FROOHFWHG�GXULQJ�WKH�
PRQWK�RI�-XQH��IURP�*DQJWRN��,QGLD�������1��������(����LL��RQH�PRQWK�ROG�
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in vitro�JURZQ�QRGH��DQG��LLL��FDOOXV�UHJHQHUDWHG�SODQWV�GHYHORSHG�IURP�WKH�
GRQRU� FROOHFWHG� IURP� WKH� VDPH� ¿HOG� DQG� DW� VDPH� WLPH�� 7KH� UHJHQHUDWLRQ�
SURWRFRO�ZDV�IROORZHG�EDVHG�RQ�SUHYLRXV�UHSRUWV�>����@�

2QH� JUDP�RI� OHDI� WLVVXH� �HDFK� REWDLQHG� IURP�¿HOG� JURZQ�GRQRU� SODQW��
node culture and callus culture regenerated plants) was extracted with 30 mL 
RI�����PHWKDQRO�DW����&�ZDWHU�EDWK�IRU����PLQ�LQ�D�URXQG�ERWWRP�ÀDVN��(DFK�
VDPSOH�ZDV� UHSOLFDWHG� WKUHH� WLPHV�� ([WUDFWV�ZHUH� ¿OWHUHG�ZLWK�:KDW�PDQ�
¿OWHU�SDSHU�1R�����(YDSRUDWLRQ�RI�PHWKDQRO�ZDV�DOORZHG�IURP�WKH�H[WUDFWHG�
VDPSOH�VROXWLRQ�XVLQJ�D�URWDU\�HYDSRUDWRU��(\HOD��1�������&KLQD��DW����&�
XQGHU�UHGXFHG�SUHVVXUH��7KH�VROLG�PDVV�WKXV�REWDLQHG�ZDV�GLVVROYHG�LQ����
PO�RI�PHWKDQRO�

10.2.1.1 CONDITIONS FOR HIGH PERFORMANCE THIN LAYER 
CHROMATOGRAPHY

7KLQ�OD\HU� FKURPDWRJUDSK\� �7/&�� DOXPLQXP� VKHHW� VLOLFD� JHO� ���)�����
��î���FP�RU���î���FP�ZLWK������FP�WKLFNQHVV��0HUFN�.JD$����������������
ZDV�XVHG��6WDQGDUGV�LQ�D�UDQJH�RI�NQRZQ�DPRXQWV�DORQJ�ZLWK�VDPSOHV�ZHUH�
OD\HUHG� LQ���PP�ZLGH�EDQGV�DQG�ZHUH�SODFHG�DW����PP�IURP�WKH�EDVH�RI�
WKH�7/&�SODWH��%DQGLQJ�ZDV�SHUIRUPHG�XVLQJ�DQ�DXWRPDWHG�7/&�DSSOLFDWRU�
�/LQRPDW����IURP�&$0$*�0XWWHQ]��6ZLW]HUODQG��KDYLQJ�D�IORZ�RI�QLWURJHQ�
IURP�D�V\ULQJH�ZLWK�D�GHOLYHU\�VSHHG�RI������/�V��7KH�PRELOH�SKDVH�IRU�FKUR-
PDWRJUDSK\�ZDV�SUHSDUHG�LQ�D�UDWLR�ZLWK�³(WK\O�DFHWDWH��)RUPLF�DFLG��$FHWLF�
$FLG��ZDWHU� ���������������´�7KH� WHPSHUDWXUH�ZDV�PDLQWDLQHG� DW� �����&�
DQG�UHODWLYH�KXPLGLW\�DW������$�&$0$*�WZLQ� WURXJK�JODVV�FKDPEHU� WKDW�
ZDV�DOUHDG\�VDWXUDWHG�ZLWK�PRELOH�SKDVH�YDSRU�IRU����PLQXWHV�ZDV�XVHG�IRU�
GHYHORSLQJ�WKH�SODWHV�

'HQVLWRPHWULF�VFDQQLQJ�RI� WKH�GULHG�SODWHV��DW����&�IRU����PLQ�GXUDWLRQ��
ZDV�SHUIRUPHG�LQ�DEVRUEDQFH�DQG�UHÀHFWDQFH�PRGH�DW�����QP�ZLWK�VOLW�ZLGWK�RI�
��PPî������PP�DW�D�VFDQQLQJ�VSHHG�XVHG�RI����PP�V��'DWD�UHVROXWLRQ�������P�
VWHS��ZDV�SHUIRUPHG�ZLWK�&$0$*�PRGHO���7/&�VFDQQHU��)XUWKHU�DFTXLUHG�
GDWD�ZHUH�SURFHVVHG�ZLWK�:,1&$76��� VRIWZDUH��7KH��.1 mg mL±�� RI� VWDQ-
GDUG�PDQJLIHULQ��6LJPD��$OGULFK��VWRFN�VROXWLRQ�ZDV�SUHSDUHG��$OVR�GL൵HUHQW�
FRQFHQWUDWLRQV�RI�PDUNHU�VROXWLRQV�����������������������J��ZHUH�SUHSDUHG�IURP�WKH�
VWRFN�VROXWLRQ�DQG�ZHUH�DSSOLHG�LQ�GXSOLFDWHV�LQ�GL൵HUHQW�ODQHV�ZLWK�/LQRPDW���
DSSOLFDWRU�WR�FRQVWUXFW�VWDQGDUG�FXUYH�DQG�WR�GHWHUPLQH�WKH�OLQHDULW\��&DOLEUDWLRQ�
HTXDWLRQ�ZDV�GHYHORSHG�XVLQJ�UHJUHVVLRQ�DQDO\VLV��DQG�SHDN�ZHUH�GHWHUPLQHG�
against each corresponding concentration (Figure 10.2).
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316 Plant-Based Functional Foods and Phytochemicals

7KH�H[WUDFW�ZDV�VSRWWHG�WKULFH�RQ�WKH�+37/&�SODWHV��7KH�5f�YDOXHV�ZHUH�
JHQHUDWHG�DQG�RYHUOD\LQJ�VSHFWUD�RI�WKH�EDQGV�IURP�VDPSOHV�DQG�WKDW�RI�WKH�
VWDQGDUG�FRQ¿UPHG�WKH�SUHVHQFH�RI�PDQJLIHULQ��)LJXUH��������7KH�VRIWZDUH�
:,1&$76���ZDV�XVHG�WR�DQDO\]H�SXULW\�RI�WKH�SHDNV�

FIGURE 10.2 &DOLEUDWLRQ�SORW�IRU�����WR������J��RU�����WR������QJ��RI�PDQJLIHULQ�SHU�VSRW�

FIGURE 10.3 6SHFWUDO� RYHUOD\�RI�PDQJLIHULQ� LQ�6�� FKLUDWD� VDPSOHV� IRU� VWDQGDUG� �OLJKWHU�
OLQHV��DQG�LQ�YLWUR�JURZQ��GDUNHU�OLQHV��

A
pp

le
 A

ca
de

m
ic

 P
re

ss

A
ut

ho
r C

op
y

Non Commercial Use



10.2.2 QUALITITATIVE ANALYSIS OF MANGIFERIN, 
AMAROGENTIN, AMAROSWERIN, SWEROSIDE, AND 
SWERTIAMARIN THROUGH LC/ESI+-MS/MS FROM CULTURE 
GROWN PLANTS

'RQRU�SODQWV��FROOHFWHG�IURP�6LNNLP�*DQJWRN��������1�DQG�������(��ZHUH�
PLFUR�SURSDJDWHG�WKURXJK�D[LOODU\�PHULVWHP�FXOWXUH� LQ� WKH�PRQWK�RI�-XQH��
DQG� OHDYHV� RI� In vitro� JURZQ� VKRRWV� �RQH�PRQWK� ROG�� IURP�EDVDO�PHGLXP�
ZHUH� WDNHQ�DQG�GULHG�DW����&�DQG�ZHUH�JURXQGHG�WR�SRZGHU�DQG�RQH�J�RI�
WKLV� SRZGHU�ZDV� WDNHQ� IRU� H[WUDFWLRQ� RI� ELRDFWLYH� FRPSRXQGV�� ([WUDFWLRQ�
SURFHGXUH�ZDV�WKH�VDPH�DV�PHQWLRQHG�DERYH�IRU�+37/&�DQDO\VLV�

Acetonitrile (HPLC grade), Glacial acetic acid (Merck, France), ultra-
SXUH�ZDWHU�������0ȍ�FP±���IURP�0LOOL4�3OXV��0LOOLSRUH��86$��ZHUH�XVHG�
IRU�+37/&��7KH�����RI�XOWUD�SXUH�ZDWHU�DQG������Y�Y��RI�DFHWRQLWULOH�ZHUH�
XVHG�WR�SUHSDUH�D�VWRFN�VROXWLRQ�RI�PHWK\O�H[WUDFW�������PJ�P/±�). Further 
GLOXWLRQ�RI� VWRFN� VROXWLRQ�ZDV�SHUIRUPHG�XVLQJ� DFHWRQLWULOH� WR�SUHSDUH� WKH�
working solution.

10.2.2.1 CONDITIONS FOR LC-MS AND LC-MS/MS ANALYSES

:DWHUV��$OOLDQFH�������+3/&�V\VWHP�MRLQHG�WR�D�4XDWWUR�/&�WULSOH�TXDGUX-
SROH�PDVV�VSHFWURPHWHU��:DWHUV��0LOIRUG��0$��86$��ZHUH�XVHG�WR�SHUIRUP�
/&�06�DQG�/&�06�06�DQDO\VHV��7KLV�+3/&�V\VWHP�ZDV�FRQQHFWHG�ZLWK�
SQHXPDWLF� HOHFWUR� VSUD\� VRXUFH� LRQL]DWLRQ� �(6,��� 'DWD� FROOHFWLRQ� DQG� LWV�
SURFHVVLQJ�ZHUH�FDUULHG�RXW�E\�0DVV�/\Q[�17�����V\VWHP�

$� YDU\LQJ� VDPSOLQJ� FRQH� YROWDJH� �VWDUWLQJ� IURP� �� N9� WR� ��� N9��ZDV�
DSSOLHG�IRU�(6,�PDVV�VSHFWUD��,Q�RUGHU�WR�RSWLPL]H�WKH�SDUHQW�LRQ�DQG�FDUU\�
RXW�&ROOLVLRQ�LQGXFHG�GLVVRFLDWLRQ��&,'��H[SHULPHQW��VSHFL¿F�YDOXH�RI� WKH�
FRQH� YROWDJH� ZDV� VHW�� 7KH� HOHFWURQ� VSUD\� �(6�� VRXUFH� SRWHQWLDOV� ZHUH� DV�
IROORZV�������N9�LQ�SRVLWLYH�PRGH�DQG�����N9�LQ�QHJDWLYH�PRGH��H[WUDFWRU�DW�
��9��ZLWK�VRXUFH�EORFN�DW�����&�DQG�GHVROYDWLRQ�JDV�DW�����&�

1HEXOL]DWLRQ� DQG� GHVROYDWLRQ� ����� DQG� ���� /� K±��� UHVSHFWLYHO\�� ZDV�
SHUIRUPHG� ZLWK� 1LWURJHQ�� &,'� ZDV� DFKLHYHG� XVLQJ� $UJRQ� �$U�� ZKHQ�
3.5 × 10±��7RUU�SUHVVXUH�ZDV�DSSOLHG�ZLWK��±���H9�FROOLVLRQ�HQHUJ\��&(���
/LTXLG� FKURPDWRJUDSK\� FRQGLWLRQV� ZHUH� VWDQGDUGL]HG� E\� SHUIRUPLQJ� DQ�
LVRFUDWLF�HOXWLRQ�ZLWK�����PLQ�UXQ�WLPH��,Q�DQ�LVRFUDWLF�PRGH�RI�GHOLYHU\�RI�WKH�
mobile phase, one mL min±��ÀRZ�UDWH�ZDV�DOORZHG�ZLWK�WKH�KHOS�RI�D�3HUNLQ�
(OPHU��6HULHV������SXPS��$�UHYHUVH�SKDVH�FROXPQ��8SWLVSKHUH�&������P��
150 × 2 mm I. D., Interchrom, France) attached to precolumn (Interchrom) 
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318 Plant-Based Functional Foods and Phytochemicals

XQGHU� WZR� GL൵HUHQW�PRELOH� SKDVH� FRQGLWLRQV�ZDV� XVHG� IRU� VHSDUDWLRQ� DQG�
GHWHFWLRQ�RI�WKH�FRPSRXQGV�XQGHU�LQWHUHVW�

• )LUVW�&RQGLWLRQ��&RQGLWLRQ�$���,W�GHVFULEHV�D�JUDGLHQW�RI������DFHWLF�
DFLG�PL[WXUH�RI�DFHWRQLWULOH�DQG�ZDWHU�

 ƒ VROYHQW�$��DFHWRQLWULOH�ZDWHU��������Y�Y��
 ƒ VROYHQW�%��DFHWRQLWULOH�ZDWHU��������Y�Y��
 ƒ �±��PLQ�����$�LQ�%�
 ƒ �±���PLQ���±����RI�$�
 ƒ ��±���PLQ�����RI�$��OLQHDU�JUDGLHQW��
 ƒ ��±���PLQ������RI�$�
 ƒ )LQDO�HTXLOLEUDWLRQ�IRU����PLQ�DW�����RI�$�
$FHWLF�DFLG�ZDV�XVHG�IRU�VHSDUDWLRQ�DQG�GHWHFWLRQ�RI�PDQJLIHULQ��

amarogentin, and sweroside (Figure 10.1) in order to obtain more 
LQWHQVLYH�>0�+@��LRQV�IRU�WKHVH�FRPSRXQGV�

• The Second Mobile Phase Condition: It was applied without acetic 
acid (condition B), and all other conditions were same as in condition 
$�IRU�WKH�VHSDUDWLRQ�DQG�EHWWHU�GHWHFWLRQ�RI�DPDURVZHULQ�DQG�VZHUWLD-
PDULQ��)LJXUH�������FRPSRXQGV�DV�WKHLU�VRGLDWHG�LRQV�>0�1D@���7KH�
IORZ�UDWH�ZDV�IL[HG�DW�����P/�PLQ±� with a constant column temperature 
DW����&DQG�89�GHWHFWLRQ�DW�����QP��7KH�FRPSRXQGV�ZHUH�LQWURGXFHG�
XVLQJ�D�:DWHUV�$OOLDQFH������VHSDUDWLRQ�PRGXOH��0LOIRUG��0$��86$��
attached to Waters-2487 dual UV detector.

10.3 RESULTS AND DISCUSSION

10.3.1 ANALYSIS OF MANGIFERIN THROUGH HPTLC

7KH� PDQJLIHULQ� LV� D� &�JOXFRV\O� [DQWKRQH� ���������WHWUDK\GUR[\[DQWKRQH�
C2-beta-d-glucoside)that exhibits antidiabetic, anti-HIV, anticancer, immu-
QRPRGXODWRU\��DQG�DQWLR[LGDQW�DFWLYLWLHV�>�@��,Q�DQ�HDUOLHU�UHYLHZ�DUWLFOH�E\�
0LXUD�>��@��SUHVHQFH�RI�DPDURJHQWLQ�DQG�[DQWKRQHV�ZDV�QRW�GHWHFWHG�IURP�
callus culture in S. japonica. In another related species, S. pseudochinensis 
swertiamarin was only detected and compared with the donor plant. It was 
REVHUYHG� WKDW�VZHUWLDPDULQ�FRQWHQW� IURP�OHDYHV�RI� ILYH�PRQWKV�ROG�UHJHQ-
HUDWHG�SODQWV�XQGHU�FXOWXUDO�FRQGLWLRQV�ZDV�HQKDQFHG�QHDUO\�HLJKW�IROGV� LQ�
FRPSDULVRQ�WR�WKDW�RI�D�WZR�\HDU�ROG�ZLOG�SODQW�

,Q�WKH�SUHVHQW�VWXG\��DQ�DSSUHFLDEOH�DPRXQW�RI�PDQJLIHULQ�ZDV�GHWHFWHG�
WKURXJK�+37/&�IURP�D�FXOWXUH�JURZQ�S. chirata plant-lets, while compared 
ZLWK�WKH�VWDQGDUG��7DEOH�������)LJXUHV�����±������
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TABLE 10.1 0DQJLIHULQ�&RQWHQW�LQ�'RQRU�DQG�In Vitro Grown S. Chirata 5DLVHG�IURP�1RGH�
Explant and Immature Seed Callus

Source 3HUFHQWDJH�����RI�0DQJLIHULQ

Donor 0.62 ± 0.3*

In vitro grown Node regenerated plants 2.93 ± 0.6*

In vitro grown Callus regenerated plants 2.24 ± 0.6*

*Values represent mean ±�VWDQGDUG�GHYLDWLRQ�RI�WKUHH�H[SHULPHQWDO�UHSOLFDWLRQV�HDFK�ZLWK���
ELRORJLFDO�UHSOLFDWLRQV��'DWD�ZHUH�VFRUHG�DIWHU�RQH�PRQWK�RI�LQRFXODWLRQ�IRU�in vitro grown 
SODQWV�DQG�ILYH�PRQWKV�ROG�ILHOG�JURZQ�SODQWV�

FIGURE 10.4 +37/&�&KURPDWRJUDP�IRU�PDQJLIHULQ�FRQWHQW�LQ�VWDQGDUG�WUHDWPHQW�

FIGURE 10.5 +37/&�&KURPDWRJUDP�IRU�PDQJLIHULQ�FRQWHQW�LQ�WKH�GRQRU�WUHDWPHQW�
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320 Plant-Based Functional Foods and Phytochemicals

FIGURE 10.6 +37/&�&KURPDWRJUDP�IRU�PDQJLIHULQ�FRQWHQW�LQ�QRGH�UHJHQHUDWHG�SODQWV�

FIGURE 10.7 +37/&�&KURPDWRJUDP�IRU�PDQJLIHULQ�FRQWHQW�LQ�FDOOXV�UHJHQHUDWHG�SODQWV�

4XDQWLWDWLYH� DQDO\VLV� UHYHDOHG� WKDW�PDQJLIHULQ� DFFXPXODWLRQ� LQ� FXOWXUH�
JURZQ�SODQWV�ZDV�KLJKHU� WKDQ� WKDW� IRXQG�LQ� WKH�GRQRU�SODQW� �)LJXUH��������
1HDUO\�¿YH�IROG�LQFUHDVH�LQ�PDQJLIHULQ�FRQFHQWUDWLRQ�ZDV�GHWHFWHG�DPRQJ�
the in vitro�SODQWV�UDLVHG�IURP�WKH�QRGDO�H[SODQWV��)LJXUH�������FRPSDUHG�WR�
WKH�GRQRU�SODQW��)LJXUH��������7KH�������RI�PDQJLIHULQ�IURP�WKH�GRQRU�SODQW�
DQG����RI�PDQJLIHULQ�IURP�QRGH�UHJHQHUDQWV��)LJXUH�������ZHUH�REWDLQHG�

&DOOXV�UHJHQHUDWHG�SODQWV�\LHOGHG�QHDUO\����RI�PDQJLIHULQ��)LJXUH��������
For the analytical results in Figures 10.4 to 10.7, the mother plant showed 
ORZHU�V\QWKHVLV�RI�WKHVH�LPSRUWDQW�ELRDFWLYH�PROHFXOHV��6\QWKHVLV�RI�QDWXUDO�
SURGXFWV� LQ�¿HOG�JURZQ�SODQWV� LV�GHSHQGHQW�RQ�DJH�RI� WKH�SODQW�DQG�DJUR�
climatic conditions.
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7KH�GRQRU�SODQWV�ZHUH�FROOHFWHG�SULRU� WR� LWV�IXOO�PDWXULW\�DQG�WKLV�PD\�
EH�RQH�SRVVLEOH�UHDVRQ�IRU�V\QWKHVLV�RI� ORZHU�TXDQWLW\�RI�PDQJLIHULQ��,Q�D�
VLPLODU�H[SHULPHQW�RI�FKHPLFDO�DQDO\VHV�IURP�¿YH�EDWFKHV�RI�IXOO\�PDWXUH�
¿HOG�JURZQ�SODQWV�RI�S. chirata�KDUYHVWHG�GXULQJ�WKH�PRQWK�RI�6HSWHPEHU�
2FWREHU�� 6XU\DZDQVKL� HW� DO�� >��@� UHSRUWHG� ���� �� ����� RI�PDQJLIHULQ� DQG�
������������RI�DPDURJHQWLQ�LQ�WKH�ZLOG�SODQWV��7KHVH�DXWKRUV�XVHG�WKH�/&�
(6,�06�06�V\VWHP�DQG�UHSRUWHG�>��@�YDULDWLRQ�LQ�PDQJLIHULQ�FRQWHQW�GXULQJ�
YHJHWDWLYH�������WR��������DQG�ÀRZHULQJ�����±������VWDJHV�DPRQJ�YDULRXV�
SRSXODWLRQV�RI�S. chirata. 7KHVH�YDULDWLRQV�ZLWKLQ�WKH�SODQWV�PD\�EH�GXH�WR�
GL൵HUHQFH�LQ�ORFDWLRQ�DQG�WLPH�RI�FROOHFWLRQ�

,W� ZDV� REVHUYHG� WKDW� in vitro micro-propagated and callus-regenerated 
SODQWV�V\QWKHVL]HG�PDQJLIHULQ�LQ�PXFK�KLJKHU�DPRXQWV�XQGHU�DVHSWLF�FXOWXUDO�
FRQGLWLRQV��1HDUO\����DQG����RI�PDQJLIHULQ�ZHUH�REWDLQHG�IURP�WKH�QRGH�
DQG�FDOOXV�UHJHQHUDWHG�SODQWV��UHVSHFWLYHO\��DQG�WKHVH�YDOXHV�ZHUH�KLJKHU�WKDQ�
������RI�PDQJLIHULQ�IRU�WKH�PRWKHU�SODQW��6XU\DYDQVKL�HW�DO��>��@�DQG�3DQGH\�
et al. >��@�REWDLQHG������WR�������RI�PDQJLIHULQ�IURP�WKH�¿HOG�JURZQ�SODQWV�

7KH�PDQJLIHULQ� FRQWHQW�ZDV� ����� DW� WKH� ÀRZHULQJ� VWDJH� LQ�S. chirata 
FROOHFWHG� LQ� 6LNNLP��ZKLOH�PLFUR�SURSDJDWHG� SODQWV� RI�S. chirata had the 
similar concentration under in vitro conditions indicating a scale-up in the 
FRQFHQWUDWLRQ� RI� ELRDFWLYH� FRPSRXQG�� ,Q� WKLV� FKDSWHU�� WKH� LQJUHGLHQW�� DQG�
cultural conditions that support the aseptic cultures were probably able to 
WULJJHU�WKH�V\QWKHVLV�RI�ELRDFWLYH�PROHFXOHV��GXULQJ�in vitro�SURSDJDWLRQ�RI�
WKH�SODQWV�WKURXJK�YDULRXV�H[SODQWV�

7KH�JHUP�SODVP�XVHG�LQ�WKLV�FKDSWHU�PD\�DOVR�EH�DQ�LPSRUWDQW�IDFWRU�IRU�
HQKDQFHPHQW�RI�ELRDFWLYH�FRPSRXQGV��$�UHYLHZ�RI�Swertia literature did not 
UHYHDO� VXFK� ¿QGLQJV� IURP� in vitro� JURZQ� VKRRWV��7KH� SUHVHQWO\� GHVFULEHG�
UHVXOWV� LQGLFDWH� WKDW� WKH�TXDOLW\� LPSURYHPHQW�RI� WKLV� FULWLFDOO\� HQGDQJHUHG�
medicinal plant through plant biotechnological methods is possible. Also 
in vitro� FXOWXUH�RI� WKLV�SODQW� FDQ�EH� H[SORLWHG�H൵HFWLYHO\� IRU� H[WUDFWLRQ�RI�
PDQJLIHULQ�ZLWKRXW�GHSOHWLRQ�RI�QDWXUDO�UHVRXUFHV�

10.3.2 ANALYSIS FOR LC/ESI-MS AND LC/ESI+-MS/MS

7KH�FKHPLFDO�VWUXFWXUHV�RI�ELRORJLFDOO\�DFWLYH�FRPSRQHQWV�SUHVHQW�LQ�PHWKDQRO�
H[WUDFW� RI� S. chirata OHDI� WLVVXHV� KDYH� EHHQ� GHVFULEHG� HDUOLHU� �)LJXUH� ������
in this chapter. In vitro grown micro-propagated plants were extracted at a 
FRQFHQWUDWLRQ� RI� ��� �J� P/±�� DQG� ZHUH� VFDQQHG� WR� REWDLQ� WKH� /&�(6,�06�
VSHFWUD��7R�FRQILUP�WKH�SUHVHQFH�RI�SK\WRPROHFXOHV��PDQJLIHULQ��DPDURJHQWLQ��
amaroswerin, sweroside, and swertiamarin) in tissue culture grown plants, 
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322 Plant-Based Functional Foods and Phytochemicals

DXWKRUV� RI� WKLV� FKDSWHU� FRPSDUHG� WKHLU� UHVXOWV�ZLWK� WKH� SXEOLVKHG� UHSRUW� E\�
6XU\DYDQVKL�HW�DO��>��@��ZKR�DQDO\]HG�WKHVH�ELRDFWLYH�FRPSRXQGV��PDQJLIHULQ��
DPDURJHQWLQ�� DPDURVZHULQ�� VZHURVLGH�� DQG� VZHUWLDPDULQ�� IURP� ILHOG� JURZQ�
SODQW�RI�S. chirata through LC-ESI��06�06�IUDJPHQWDWLRQ�VSHFWUD�RI�VSHFLILF�
LRQV���>0�+@��DQG�>0�1D@���RI�WKHVH�PROHFXOHV��7KH�FKURPDWRJUDSK\�FRQGL-
WLRQ� ZDV� GHVFULEHG� HDUOLHU�� ZKHUH�PRELOH� SKDVH� FRPSULVLQJ� RI� DFHWRQLWULOH��
0LOOL4�ZDWHU�������JODFLDO�DFHWLF�DFLG��FRQGLWLRQ�$��DQG�WKH�VLPLODU�FRPSRVL-
WLRQ�ZLWKRXW�JODFLDO� DFHWLF� DFLG� �FRQGLWLRQ�%��ZHUH�XVHG��%RWK�SRVLWLYH� DQG�
QHJDWLYH�PRGH�DQDO\VHV�IRU� in vitro grown micro-propagated plants through 
/&�(6,�06�ZHUH�SHUIRUPHG�DQG�VSHFWURPHWULF�GDWD�DUH�SUHVHQWHG�EHWZHHQ�m/z 
����WR������7DEOH�������

$Q� ([WUDFWHG� ,RQ� &KURPDWRJUDP� �(,&�� RI� VSHFL¿F� LRQV� >0�+@� or 
>0�1D@� showed three peaks at 8.45, 8.55 and 22.98 with condition A (Figure 
������DQG�WZR�SHDNV�DW�������DQG�������ZLWK�FRQGLWLRQ�%��)LJXUH��������7KH�
REWDLQHG�06�VSHFWUD�ZHUH�XVHG�WR�DVVLJQ�WKH�PROHFXODU�ZHLJKWV�WR�PDQJLI-
erin, amarogentin, amaroswerin, sweroside, and swertiamarin.

$IWHU�FRPSDULQJ�WKH�UHVXOWV�ZLWK�WKH�SXEOLVKHG�GDWD�>��@��LW�ZDV�FRQFOXGHG�
that in vitro� SODQWV� DUH� FDSDEOH� RI� V\QWKHVL]LQJ� DOO� ¿YH� W\SHV� RI� ELRDFWLYH�
FRPSRXQGV��PDQJLIHULQ��DPDURJHQWLQ��DPDURVZHULQ��VZHURVLGH��DQG�VZHUWLD-
PDULQ��WKDW�ZHUH�DOVR�V\QWKHVL]HG�E\�WKH�PRWKHU�SODQWV��,RQV�KDYLQJ�VLPLODU�
UHWHQWLRQ�WLPH�PLJKW�EH�REWDLQHG�IURP�PDWUL[�DV�DGGXFWV�RU�IUDJPHQWV�RI�WKHVH�
FRPSRQHQWV��3UHVHQFH�RI�WKHVH�¿YH�ELRDFWLYH�FRPSRQHQWV�ZDV�FRQ¿UPHG�DV�
IROORZV��)LJXUHV�������DQG��������

��� ��0:������57������PLQ����PDQJLIHULQ�
��� ��0:�����57�������PLQ����DPDURJHQWLQ�
��� ��0:������57�������PLQ����DPDURVZHULQ�
��� ��0:������57������PLQ����VZHURVLGH��DQG
��� ��0:������57�������PLQ����VZHUWLDPDULQ�

3RVLWLYH� 06� VSHFWUD� IRU� PDQJLIHULQ�� DPDURJHQWLQ�� DQG� VZHURVLGH� DUH�
VKRZQ� LQ�)LJXUH� �������7KHVH� WKUHH� FRPSRQHQWV� VKRZHG�KLJKO\� DEXQGDQW�
>0�+@��LRQV�DW�P�]����������DQG�����SHDNV��ZKLFK�ZHUH�VLPLODU�WR�WKH�HDUOLHU�
published reports.

7KH�SRVLWLYH�06�VSHFWUD� IRU�DPDURVZHULQ�DQG�VZHUWLDPDULQ�DUH�VKRZQ�
LQ�)LJXUH��������7KHVH�WZR�FRPSRQHQWV�SURGXFHG�>0�1D@��DW�P�]�����DQG�
����� UHVSHFWLYHO\��$OVR�� WKHVH� WZR� FRPSRXQGV� KDYH� WKH� SRWHQWLDO� WR� IRUP�
DONDOL�PHWDO�LRQV��SULPDULO\�ZLWK�VRGLXP�LRQV��7KLV�H[SODLQV�ZK\�WKH�/&�ZDV�
XVHG�XQGHU�FRQGLWLRQ�%��ZLWKRXW�DFLG��IRU�WKHVH�WZR�FRPSRXQGV��PDQJLIHULQ��
amarogentin, sweroside, amaroswerin, and swertiamarin.
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324 Plant-Based Functional Foods and Phytochemicals

FIGURE 10.8 UV Chromatogram obtained with acetic acid gradient (280 nm, bottom) 
DQG�H[WUDFWHG�VSHFLILF�LRQ�WUDFHV��(6,��PRGH��0+���RI�PDQJLIHULQ��L���DPDURJHQWLQ��LL��DQG�
VZHURVLGH��LY��FRPSRXQGV�
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FIGURE 10.9 UV Chromatogram obtained without acetic acid gradient (280 nm, bottom) 
DQG�H[WUDFWHG�VSHFLILF�LRQ�WUDFHV��(6,��PRGH��01D���RI�DPDURVZHULQ��LLL��DQG�VZHUWLDPDULQ��Y��

7KH�GHYHORSPHQW�RI�SURWRQDWHG�PROHFXOHV�ZDV�UHSODFHG�E\�PHWDOOLF�DGGXFW�
IRUPDWLRQ�IRU�DPDURVZHULQ��EHFDXVH�WKH�>0�+@��VSHFLHV�ZHUH�QRW�IRXQG��,W�
ZDV�SUHVHQW�ZLWK�FRPSDUDWLYHO\�KLJKHU�UHODWLYH�DEXQGDQFH�LQ�VZHUWLDPDULQ��
6XFK�UHVXOWV�FRXOG�EH�DWWULEXWHG�WRZDUGV�DFLGLF�QDWXUH�RI�LULGRLG�JO\FRVLGHV��
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326 Plant-Based Functional Foods and Phytochemicals

FIGURE 10.10 7KH� GHWHFWLRQ� RI� LRQV� LQ� /&�(6,�06� VSHFWUD� DW� FRQH� YROWDJH� RI� ��9�
PDQJLIHULQ��L��DPDURJHQWLQ��LL��DQG�VZHURVLGH��LY��IRU�FRPSRXQGV�
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1HJDWLYH� /&�(6,�06� GDWD� H[KLELWHG� WKH� SUHVHQFH� RI� SHDN�� ZKLFK� FRUUH-
VSRQGHG�WR�GHSURWRQDWHG�PROHFXOH�>0�+@–�LQ�DOO�VSHFWUD��7KLV�ZDV�D�PDMRU�
SHDN�IRU�DOO�FRPSRQHQWV�H[FHSW�VZHURVLGH�DQG�VZHUWLDPDULQ��7KH�FKORULQH�
DGGXFW�ZDV�DOVR�REVHUYHG�IRU�DOO�WKH�FRPSRQHQWV�H[FHSW�IRU�PDQJLIHULQ��,Q�
WKH�VZHURVLGH��LW�ZDV�SUHVHQW�ZLWK�KLJK�DEXQGDQFH��)RUPDWH�IRU�VZHURVLGH�
DQG�DFHWDWH�IRU�VZHUWLDPDULQ�DGGXFWV�ZHUH�UHODWLYHO\�DEXQGDQW��,W�ZDV�DOVR�
REVHUYHG�WKDW�WKH�IUDJPHQW�LRQ�RI�D�VLQJOH�VXJDU�XQLW�UHWDLQHG�WKH�FKDUJH�DW�
����P�]�IRU�VZHUWLDPDULQ�

FIGURE 10.11 7KH�GHWHFWLRQ�RI�LRQV�LQ�/&�(6,�06�VSHFWUD�DW�FRQH�YROWDJH���9�DPDURVZHULQ�
�LLL��DQG�VZHUWLDPDULQ��Y��IRU�FRPSRXQGV�
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328 Plant-Based Functional Foods and Phytochemicals

7KXV� LQ�VRXUFH� IUDJPHQWHG� FRPSRXQGV� SURYLGHG� VX൶FLHQW� GHWDLOV� RI�
VWUXFWXUDO� FRQ¿JXUDWLRQ� UHTXLUHG� IRU� WKHLU� LGHQWL¿FDWLRQV�� 7KLV� LQIRUPD-
WLRQ�DORQJ�ZLWK�UHVXOWV�RI�PDVV�VLJQDOV� LV�SUHVHQWHG� LQ�7DEOH�������)XUWKHU�
FRQ¿UPDWLRQ�RI�GHWHFWHG�FRPSRXQGV�FDQ�EH�REWDLQHG�WKURXJK�WDQGHP�PDVV�
VSHFWURPHWU\�WKDW�LV�DQ�HVVHQWLDO�WRRO��ZKHUH�¿UVW�TXDGUXSROH�LV�XVHG�DV�PDVV�
¿OWHU�DQG�VHFRQG�TXDGUXSROH�VHUYHV�DV�D�FROOLVLRQ�FHOO�

7KH� (6,�06�06� ZDV� SHUIRUPHG� ZLWK� WKH� 4XDWWUR�/&� LQVWUXPHQW�
E\� VHOHFWLYH�&,'� LQ� WKH� GDXJKWHU�PRGH� IRU�PDQJLIHULQ�� DPDURJHQWLQ�� DQG�
VZHURVLGH��DPDURVZHULQ��DQG�VZHUWLDPDULQ�FRPSRXQGV�WKDW�ZHUH�LGHQWL¿HG�
LQ�WKLV�FKDSWHU�ZLWK�FKURPDWRJUDSKLF�SDUDPHWHUV��7KH�GLVVRFLDWLRQ�ZLWKLQ���
WR����H9�ZDV�VWXGLHG�IRU�HDFK�FRPSRXQG�DQG�WKH�FORVHVW�SDWWHUQ�JHQHUDWHG�
DW�RQH�VSHFL¿F�&(�FRQGLWLRQ�KDV�EHHQ�SUHVHQWHG�KHUH��0DMRU�SURGXFW� LRQV�
IRXQG�LQ�SRVLWLYH�(6,�06�06�SURGXFW�LRQ�VSHFWUXP�RI�SURWRQDWHG��VRGLDWHG�
LRQ�IRU�PDQJLIHULQ��DPDURJHQWLQ��DQG�VZHURVLGH��DPDURVZHULQ��DQG�VZHUWLD-
PDULQ�DUH�SUHVHQWHG�LQ�7DEOH�������7KH�GDXJKWHU�VSHFWUD��&,'��DUH�VKRZQ�LQ�
Figures 10.12 and 10.13.

TABLE 10.3 /&�(6,��06�06�&KDUDFWHUL]DWLRQ�3URILOH�RI�S. chirata Components at Various 
,RQL]DWLRQ�0RGHV��&(��&ROOLVLRQ�(QHUJ\��LQ�H9�

Compounds MW Precursor 
Ions

Product Ions m/z with Relative 
$EXQGDQFH�����LQ�%UDFNHWV

&(��H9�

0DQJLIHULQ 422 423 405 (70), 387 (80), 369 (60), 357 
(100), 327 (90), 303 (80), 273 (75)

15

Amarogentin 586 587 391 (100), 373 (50), 359 (100), 311 
(75), 247 (40), 229 (100), 213 (6), 197 
(100), 127 (18)

12

Amaroswerin 602 625 397 (100), 255 (19), 251 (20), 217 (9), 
185 (4), 165 (15)

30

Sweroside 358 359 341 (15), 311 (75), 197 (100), 179 
(25), 127 (20)

15

Swertiamarin 374 397 255 (50), 235 (15), 217 (95), 203 (12), 
185 (18), 165 (100)

25

7KH�&,'�VSHFWUD�LQ�WKLV�FKDSWHU�ZHUH�DOVR�VLPLODU�WR�WKH�RQHV�LQ�HDUOLHU�
SXEOLVKHG� UHSRUW� >��@��6RPH�GL൵HUHQFHV� LQ� UHODWLYH�DEXQGDQFH�ZHUH� IRXQG�
GXH�WR�GL൵HUHQW�H[SHULPHQWDO�FRQGLWLRQV�DQG�GL൵HUHQW�LQVWUXPHQWV�

'HWHFWLRQ�RI�PDQJLIHULQ��DPDURJHQWLQ��DPDURVZHULQ��VZHURVLGH��DQG�VZHUWLD-
PDULQ� IURP� in vitro grown S. chirata� FXOWXUHV� KDYH� QRW� EHHQ� VWXGLHG� HDUOLHU�
WKURXJK�/&�FRXSOHG�WR�WKH�06�PHWKRG��7KLV�UHVHDUFK�VWXG\�FRQ¿UPV�SUHVHQFH�
RI�PDQJLIHULQ��DPDURJHQWLQ��DPDURVZHULQ��VZHURVLGH��DQG�VZHUWLDPDULQ�LQ�WKH�
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tissue culture grown plants under in vitro�FRQGLWLRQV�WKURXJK�/&�(6,�06�DQG�
06�06�WHFKQLTXHV�WKDW�DJUHHV�ZLWK�WKH�SUHYLRXVO\�SXEOLVKHG�UHSRUW�IRU�in vivo 
SODQWV�� 6LPLODU� VWXG\� WR� LGHQWLI\� WHQWDWLYH�PHWDEROLWHV� WKURXJK�/&� WHFKQLTXH�
FRXSOHG�ZLWK�06�DQG�(6,�KDV�EHHQ�GHVFULEHG�HDUOLHU�IRU�WZR�GL൵HUHQW�Medicago 
species, Arabidopsis thaliana, and�IRXU�Polygonum species >����������@�

FIGURE 10.12 /&�(6,�06�06�IUDJPHQWDWLRQ�SDWWHUQV�JHQHUDWHG�IURP�SURWRQDWHG�SDUHQW�
LRQV�RI�0DQJLIHULQ��������DPDURJHQWLQ��������DQG�VZHURVLGH�������LQ�H[WUDFW�RI�6��FKLUDWD�SODQW�
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330 Plant-Based Functional Foods and Phytochemicals

FIGURE 10.13 /&�(6,�06�06� IUDJPHQWDWLRQ� SDWWHUQV� JHQHUDWHG� IURP� VRGLDWHG� SDUHQW�
LRQV�RI�DPDURVZHULQ�������DQG�VZHUWLDPDULQ�������LQ�H[WUDFW�RI�6��FKLUDWD�SODQW�

7KH�VWXG\�RI�SODQW�VHFRQGDU\�PHWDEROLWHV� LV�D�GHPDQGLQJ�WDVN�DQG�SODQW�
ELRWHFKQRORJ\� FRXSOHG� ZLWK� DGYDQFHG� DQDO\WLFDO� LQVWUXPHQWV� FDQ� SURYLGH�
RSSRUWXQLWLHV� IRU� FRQWUROOLQJ� WKH� HQKDQFHG� SURGXFWLRQ� RI� QDWXUDO� ELRDFWLYH�
FRPSRQHQWV�LQ�KLJKHU�DPRXQWV�FRPSDUHG�WR�IRU�WKH�LQWDFW�SODQWV��(QKDQFHPHQW�
RI�QDWXUDO�SURGXFW�V\QWKHVLV�LQ�in-vitro�FXOWXUHV�KDYH�EHHQ�UHSRUWHG�LQ�Hypericum 
perforatum, Pueraria montana, Crataegus laevigata, C. monogyna, Glycyr-
rhiza glabra, Morinda citrifolia, Catharanthus roseus, Dioscorea deltoidea, 
Coleus blumei, and Taxus E\�YDULRXV�LQYHVWLJDWRUV�>�������������@�
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In a recent study with S. chirata��LQWHUFHSWLRQ�RI�HWK\OHQH�DQG�DFWLYDWLRQ�RI�
DQWLR[LGDQW�DFWLYLW\�KDV�EHHQ�UHSRUWHG�E\�VXSSOHPHQWDWLRQ�RI�VLOYHU�QDQRSDU-
ticles under in vitro�FRQGLWLRQV�>��@��=HQN�VXJJHVWHG�LPSRUWDQFH�RI�VHOHFWLRQ�
RI�HOLWH�JHUPSODVP�HLWKHU� IRU� WUDGLWLRQDO�FXOWLYDWLRQ�RU� IRU�GHYHORSPHQW�RI�
LPSURYHG� SURGXFWLRQ� V\VWHP� IRU� SODQW� ELRDFWLYH� FKHPLFDOV� XVLQJ� JHQHWLF�
DQG�FXOWXUDO�PRGL¿FDWLRQV�>��@��%LRUHDFWRU�WHFKQRORJ\�PD\�EH�EHQH¿FLDO�IRU�
VFDOLQJ�XS�ELRPDVV�DQG�KHQFHIRUWK�SURFXUHPHQW�RI�QDWXUDO�SURGXFWV�>��@�

10.4 SUMMARY

(QKDQFHG� V\QWKHVLV� RI�PDQJLIHULQ�ZDV� FRQILUPHG� LQ� WLVVXH� FXOWXUH� SODQWV�
WKURXJK�+37/&��7KH�/&�(6,��06�06�VWXGLHV�FRQILUPHG�WKDW�in vitro plants 
ZHUH�HTXDOO\�FDSDEOH�WR�V\QWKHVL]H�PDQJLIHULQ��DPDURJHQWLQ��DPDURVZHULQ��
VZHURVLGH�� DQG� VZHUWLDPDULQ� IURP� S. chirata. &KHPLFDO� LQYHVWLJDWLRQ� RI�
SODQW�VHFRQGDU\�PHWDEROLWHV�DQG�SODQW�ELRWHFKQRORJ\�FRXSOHG�ZLWK�DGYDQFHG�
DQDO\WLFDO� LQVWUXPHQWV�FDQ�SURYLGH�QRYHO�DQG�DFFXUDWH� LQIRUPDWLRQ� IRU� WKH�
LGHQWLILFDWLRQ� DQG� TXDQWLILFDWLRQ� RI� ELRDFWLYH� FRPSRXQGV�� 7KH� LQ�GHSWK�
VFUHHQLQJ�RI�TXDOLW\�JHUPSODVP�IURP�QDWXUDO�SRSXODWLRQV�WKURXJK�FKHPLFDO�
DQDO\VHV� DORQJ� ZLWK� WKHLU� PXOWLSOLFDWLRQ� DQG� FRQVHUYDWLRQ� IRU� PHWDEROLF�
SURILOLQJ�LV�VXJJHVWHG�IXWXUH�OLQH�RI�UHVHDUFK�

ACKNOWLEDGMENTS

7KH� DXWKRUV� DFNQRZOHGJH� 3URIHVVRUV� 'DYLG� 7HSIHU�� /XFLHQ� .HUKRDV� DQG�
:DOWHU�.ROOPDQQ�IRU�FDUU\LQJ�RXW�WKH�/&0606�DW�,15$��9HUVDLOOHV�)UDQFH��
DQG�3URI��7LPLU�%DUDQ�-KD�DW�.RONDWD��,QGLD�IRU�KLV�DGYLFH�

KEYWORDS

 • callus culture
 • collision energy
 • electron spray
 • extracted ion chromatogram
 • micropropagation
 • seed culture

Bioactive Compounds From In-Vitro Culture 331
A

pp
le

 A
ca

de
m

ic
 P

re
ss

A
ut

ho
r C

op
y

Non Commercial Use



332 Plant-Based Functional Foods and Phytochemicals

REFERENCES

1. %UDKPDFKDUL��*���0DQGDO�� 6���	�*DQJRSDGK\D\��$��� ��������Swertia� �*HQWLDQDFHDH���
Chemical and pharmacological aspects. Chemistry and Biodiversity, 1������±�����

2. &KDXGKXUL��5��.���3DO��$���	�-KD��7��%�����������&RQVHUYDWLRQ�RI�Swertia chirata through 
GLUHFW� VKRRW� PXOWLSOLFDWLRQ� IURP� OHDI� H[SODQWV�� Plant Biotechnological Reports, 2, 
���±����

3. &KDXGKXUL�� 5�� .��� 3DO��$��� 	� -KD�� 7�� %��� �������� 3URGXFWLRQ� RI� *HQHWLFDOO\� XQLIRUP�
SODQWV�IURP�QRGDO�H[SODQWV�RI�Swertia chirata EXFK��KDP��H[�ZDOO���&ULWLFDOO\�HQGDQJHUHG�
medicinal herb. In Vitro Cellular and Developmental Biology, Plant, 43�����±����

4. &KDXGKXUL�� 5�� .��� 3DO��$��� 	� -KD�� 7�� %��� �������� 5HJHQHUDWLRQ� DQG� FKDUDFWHUL]DWLRQ�
RI�Swertia chirata EXFK��KDP��H[�ZDOO��3ODQWV� IURP� LPPDWXUH� VHHG�FXOWXUHV��Scientia 
Horticulturae, 120�����±����

5. &KHQ��-��:���=KX��=��4���+X��7��;���	�=KX��'��<�����������6WUXFWXUH�$FWLYLW\�UHODWLRQVKLS�
RI� QDWXUDO� IODYRQRLGV� LQ� K\GUR[\O� UDGLFDO�VFDYHQJLQJ� HIIHFWV�� Acta Pharmacologica 
Sinica (APS), 23�����±����

6. (VWUDGD��.��5���9LGDO�/LPRQ��+���+LGDOJR��'���	�0R\DQR��(��� ��������(OLFLWDWLRQ�� DQ�
HIIHFWLYH� VWUDWHJ\� IRU� WKH� ELRWHFKQRORJLFDO� SURGXFWLRQ� RI� ELRDFWLYH� KLJK�DGGHG� YDOXH�
FRPSRXQGV� LQ� SODQW� FHOO� IDFWRULHV�� Molecules, 21�� ���±����� RQOLQH�� GRL�� ��������
molecules21020182.

7. *DOHV��/���6RXVD��0��(���	�'H�3LQWR��0��0�����������1DWXUDOO\�2FFXUULQJ�������WULPH-
thoxyxanthone and biphenyl ether intermediates leading to 1,2-Dimethoxyxanthone. 
Acta Crystallographica, C57������±�����

8. *KRVDO�� 6��� 6KDUPD�� 3�� 9��� 	� -DLVZDO�� '�� .��� �������� &KHPLFDO� FRQVWLWXHQWV� RI�
JHQWLDQDFHDH��;[LLL�� WHWUD� R[\JHQDWHG� DQG� SHQWDR[\JHQDWHG� [DQWKRQH�R�JOXFRVLGHV� RI�
Swertia angustifolia buch ham. Journal of Pharmaceutical Sciences, 67����±���

9. *RPH]�*DOHUD��6���3HODFKR��$��0���	�*HQH��$��� ��������7KH�JHQHWLF�PDQLSXODWLRQ�RI�
medicinal and aromatic plants. Plant Cell Reports, 26������±�����

10. +XDQJ��:��<���&DL��<��=���;LQJ��-���&RUNH��+���	�6XQ��0�����������&RPSDUDWLYH�$QDO\VLV�
RI�ELRDFWLYLWLHV�RI�IRXU�polygonum species. Planta Medica, 74����±���

11. +XKPDQ��'��9���	�6XPQHU��/��:�����������0HWDEROLF�SURILOLQJ�RI�VDSRQLQV�LQ�Medicago 
sativa and Medicago truncatula using HPLC coupled to an electrospray Ion-trap mass 
spectrometer. Phytochemistry, 59�����±����

12. ,VKLPDUX��.���6XGR��+���6DWDNH��0���	�6KLPDPXUD��.�����������3KHQ\O�JOXFRVLGHV�IURP�D�
KDLU\�URRW�FXOWXUH�RI�Swertia japonica. Phytochemistry, 29������±�����

13. -KD�� 7�� %��� 	� *KRVK�� %��� ��������Plant Tissue Culture Basic and Applied (p. 183). 
.RONDWD��,QGLD��3ODWLQXP�3XEOLVKHUV�

14. -LDQJ��'�� -���7DQ��*��6���<H��)���'X��<��+���;X��.��3���	�/L��<�� -��� �������� 3URWHFWLYH�
HIIHFWV� RI� [DQWKRQHV� DJDLQVW� P\RFDUGLDO� LVFKHPLD�UHSHUIXVLRQ� LQMXU\� LQ� UDWV�� Acta 
Pharmacologica Sinica, 24,����±����

15. .HLO��0���+DUWOH��%���*XLOODXPH��$���	�3VLRU]��0�����������3URGXFWLRQ�RI�DPDURJHQWLQ�LQ�
URRW�FXOWXUHV�RI�Swertia chirata. Planta Medica, 66,����±����

16. .LUDNRV\DQ��$�����������3ODQW�ELRWHFKQRORJ\�IRU�WKH�SURGXFWLRQ�RI�QDWXUDO�SURGXFWV��,Q��
&VHNH��/��-���.LUDNRV\DQ��$���.DXIPDQ��3��%���:DUEHU��6���'XNH��-��$���	�%ULHOPDQQ��+��
L., (eds.), Natural Products from Plants��SS�����±������%RFD�5DWRQ��)/��&5&�3UHVV�

A
pp

le
 A

ca
de

m
ic

 P
re

ss

A
ut

ho
r C

op
y

Non Commercial Use



17. .XPDU��9��� 	� 6WDGHQ�� -�� 9��� �������� 5HYLHZ� RI� Swertia chirayita (Gentianaceae) as 
a traditional medicinal plant. Frontiers in Pharmacology, 6�� RQOLQH�� KWWSV���ZZZ�
IURQWLHUVLQ�RUJ�DUWLFOHV���������ISKDU������������IXOO��DFFHVVHG�RQ���$XJXVW�������

18. /DKD\H�� (�� 9�� 5��� 'HJHQNROE�� 7��� 	� =HUMHVNL�� 0��� �������� 3URILOLQJ� RI� Arabidopsis 
secondary metabolites by capillary liquid chromatography coupled to electrospray 
LRQL]DWLRQ� TXDGUXSROH� WLPH�RI�IOLJKW� PDVV� VSHFWURPHWU\�� Plant Physiology, 134, 
���±����

19. 0LXUD��+�����������%LRWHFKQRORJ\�LQ�DJULFXOWXUH�DQG�IRUHVWU\��,Q��%DMDM��<��3��6����HG����
Medicinal, and Aromatic Plants III��9RO������SS�����±������%HUOLQ�+HLGHOEHUJ��6SULQJHU�

20. 3DHN�� .��<��� +RVDNDWWH��0�� 1��� 	� =KRQJ�� -�� -��� ��������Production of Biomass and 
Bioactive Compounds Using Bioreactor Technology� �S�� �����'RUGUHFKW��+HLGHOEHUJ��
6SULQJHU��GRL����������������������������

21. 3DQGH\��'��.���%DVX��6���	�-KD��7��%��� ��������6FUHHQLQJ�RI�GLIIHUHQW�HDVW�+LPDOD\DQ�
VSHFLHV�DQG�SRSXODWLRQV�RI�Swertia�/��EDVHG�RQ�H[RPRUSKRORJ\�DQG�PDQJLIHULQ�FRQWHQW��
Asian Pacific Journal of Tropical Biomedicine��6����±6�����

22. 6DEDWHU�-DUD�� $�� %��� 2QUXELD�� 0��� 	� 0R\DQR�� (��� �������� 6\QHUJLVWLF� HIIHFW� RI�
cyclodextrins and methyl jasmonate on taxane production in Taxus x Media cell cultures. 
Plant Biotechnology Journal, 12������±�����

23. 6DKD��1���	�'XWWDJXSWD��6�����������3URPRWLRQ�RI�VKRRW�UHJHQHUDWLRQ�RI�Swertia chirata 
E\�ELRV\QWKHVL]HG�VLOYHU�QDQRSDUWLFOHV�DQG�WKHLU�LQYROYHPHQW�LQ�HWK\OHQH�LQWHUFHSWLRQV�
DQG�DFWLYDWLRQ�RI�DQWLR[LGDQW�DFWLYLW\��Plant Cell Tissue Organ Culture, 134���������±����

24. 6XU\DZDQVKL��6���$VWKDQD��5��.���	�*XSWD��5��&�����������VLPXOWDQHRXV�HVWLPDWLRQ�RI�
PDQJLIHULQ�DQG�IRXU�VHFRLULGRLG�JO\FRVLGHV�LQ�UDW�SODVPD�XVLQJ�OLTXLG�FKURPDWRJUDSK\�
WDQGHP� PDVV� VSHFWURPHWU\� DQG� LWV� DSSOLFDWLRQ� WR� SKDUPDFRNLQHWLF� VWXG\� RI� KHUEDO�
preparation. Journal of Chromatography. B, Analytical Technologies in the Biomedical 
and Life Science, 858�����±����

25. 6XU\DZDQVKL��6���0HKURWUD��1���$VWKDQD��5��.���	�*XSWD��5��&�����������/LTXLG�FKUR-
PDWRJUDSK\�WDQGHP�PDVV�VSHFWURPHWULF�VWXG\�DQG�DQDO\VLV�RI�[DQWKRQH�DQG�VHFRLULGRLG�
JO\FRVLGH�FRPSRVLWLRQ�RI�Swertia chirata, a potent antidiabetic. Communication Mass 
Spectrometry, 20������±�����

26. 7HUU\Q�� 1��� 9DQ�� 0�� 0��� ,Q]H�� '��� 	� *RRVHQV�� $��� �������� )XQFWLRQDO� JHQRPLFV�
DSSURDFKHV� WR� VWXG\� DQG� HQJLQHHU� VHFRQGDU\� PHWDEROLWHV� LQ� SODQW� FHOO� FXOWXUHV�� ,Q��
%RJHUV��/��-���&UDNHU��/��(���	�-DQJH��'����HGV����Medicinal, and Aromatic Plants (pp. 
���±������1HWKHUODQGV��6SULQJHU�

27. =HQN��0��+�����������&KDVLQJ�WKH�HQ]\PHV�RI�VHFRQGDU\�PHWDEROLVP��3ODQW�FXOWXUHV�DV�D�
SRW�RI�JROG��Phytochemistry, 30������±�����

Bioactive Compounds From In-Vitro Culture 333
A

pp
le

 A
ca

de
m

ic
 P

re
ss

A
ut

ho
r C

op
y

Non Commercial Use



334 Plant-Based Functional Foods and Phytochemicals

APPENDIX I

7\SLFDO�Swertia chirayita�SODQW�� WKLV� LPDJH� LV�PRGLILHG�IURP�>KWWSV���D\XU-
ZLNL�� RUJ�$\XUZLNL�)LOH�:KIBEOXHB���� MSJ@�� OLFHQVHG� XQGHU� WKH� &UHDWLYH�
Commons Attribution-Share Alike 3.0 Unported license.
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protein, 112

molecule, 96, 108, 109, 113, 311, 320, 321
QRQ�FRQYHQWLRQDO�H[WUDFWLRQ�PHWKRGV�����
HQ]\PH�DVVLVWHG�H[WUDFWLRQ��($(��������

211, 212, 322
PLFURZDYH�DVVLVWHG�H[WUDFWLRQ��0$(���

42, 96, 106, 212
SUHVVXUL]HG�OLTXLG�H[WUDFWLRQ��3/(������
SXOVHG�HOHFWULF�ILHOG�H[WUDFWLRQ��3()���

211
VXSHUFULWLFDO�IOXLG�H[WUDFWLRQ��6)(�������

42, 43, 106, 107, 212
ultrasound assisted extraction (UAE), 
�������±��������

peptides, 4, 6, 9, 16, 19, 20, 25
%LRDYDLODELOLW\����������������������±��������
�������±���

Biochemical constituents, 54, 75
%LRIHUWLOL]HU�����
%LRIRUWLILFDWLRQ���������

Biogas, 112
Biogenesis, 222, 313
Biogenic amines, 7, 259
Biomolecules, 13, 66, 96, 107, 108, 112, 

189, 202, 213, 262
Biopharmaceuticals, 283
Biopolymer, 98
%LRWUDQVIRUPDWLRQ�������������
%ODFNIRRW�GLVHDVH����������
Blood

brain barrier (BBB), 47, 58
pressure (BP), 18, 54, 217, 221, 242, 258

Body mass index (BMI), 54, 220
Bowman-Birk inhibitor, 22
Breast cancer resistance protein (BCRP), 49

C
&DIIHLF�DFLG���������������������������������
Callus culture, 315, 318, 331
Cancer cells, 55, 72, 101, 110, 219, 220
Candida

etchellsii, 5, 9
montana, 174

Capillary
electrochromatography (CEC), 45
electrophoresis (CE), 35, 45, 317, 328
]RQH�HOHFWURSKRUHVLV��&=(�����

Capsaicinoids, 78, 79
Carbohydrates, 4, 46, 54, 70, 74, 76, 177, 
���±������������������
metabolism, 206
polymers, 185

Carbon
atoms, 127, 207
dioxide (CO2), 96, 212

Carcinogenesis, 55, 190, 246, 248, 249, 253, 
301

Carcinogenicity, 283
Cardiac hypertrophy, 218
&DUGLRYDVFXODU�GLVHDVHV��&9'V���������������

201, 216, 217, 221, 225, 230, 231, 246, 
247, 261

Carotenoids, 96, 98, 100, 103, 107, 187, 
�������������±�������������������������
301

Castanea sativa�����±���������������
���±��������

Catechin, 54, 79, 103, 127, 258, 284
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Cell
adhesion, 22, 109
death, 109, 248
GLIIHUHQWLDWLRQ�����
GLYLVLRQ���������
LQYDVLRQ�����
membrane, 21, 49, 55, 71, 107, 108, 211, 

215, 288, 290, 292, 295
migration, 109
organelles, 19, 21, 71
SHUPHDELOL]DWLRQ�����
SUROLIHUDWLRQ��������������
receptors, 264
wall, 107, 108, 212

Cellular
damage, 55, 255, 265
macromolecules, 251
membrane, 21, 288
redox capacity, 267
signaling, 248

Centella asiatica, 170, 179, 259, 260
Ceratocystis fimbriata, 103, 112
Ceratonia silique, 54, 135, 136, 138
Chelation, 259, 261, 267
Chemi-luminescence (CL), 145, 156
&KHPRSUHYHQWLRQ��������������������
SULPDU\�FKHPRSUHYHQWLRQ�����
VHFRQGDU\�FKHPRSUHYHQWLRQ�����
WHUWLDU\�FKHPRSUHYHQWLRQ�����

&KHPRSUHYHQWLYH�DJHQWV����������
Chemotherapy, 49, 269
Chlorogenic acid, 48, 101, 153
&KROHVWHU\O�HVWHU�WUDQVIHU�SURWHLQ��&(73���

72, 84
Chromatography, 35, 109, 286, 315, 322

gas chromatography, 297
ion exchange chromatography, 286, 297
layer chromatography, 315
membrane chromatography, 286
paper chromatography, 297
partition chromatography, 297
silica-gel column chromatography, 286
VL]H�H[FOXVLRQ�FKURPDWRJUDSK\�����
thin-layer chromatography, 297

Chronic diseases, 19, 55, 57, 201, 226, 228, 
230, 285, 300

Chungkukjang, 12, 13, 14
Cinnamic acid, 109, 153, 255

Cissampelos pereira, 171, 181
Citrus sinensis, 102, 184, 191
Clerodendrum viscosum L., 170, 179
Clostridium perfringens, 51, 185
Collision

energy (CE), 317, 328, 331
induced dissociation (CID), 317, 328

Colon
cancer, 110, 219, 220
tumor-cell lines, 101

Copper (Cu), 146, 187, 242, 244
Coumarins, 36, 98, 254, 285
&�UHDFWLYH�SURWHLQ��&53���������
Creatinine, 56, 69, 74, 257, 264
Cumin-seed peptides (CSPs), 74, 84
Cupric ion reducing antioxidant capacity 
�&835$&������±�������������

Curcuma longa, 80, 81, 181, 257, 264
&XUFXPLQ�������������±���������������
���±���

Cyclooxygenase (COX), 22, 220, 222
&\WRVROLF�ȕ�JOXFRVLGDVH��&%*�����

D
Dehulling, 8, 13
Deoxiribose nucleic acid (DNA), 19, 20, 
��������������������±��������������������
���±�����������������������������������
265, 268

Dephosphorylation, 219
'HUPDO�P\RILEUREODVWV����
'HWR[LILFDWLRQ�����
'LDEHWHV�PHOOLWXV��'0�����±������±��������

75, 79, 84
Diabetic

nephropathy, 65, 71
retinopathy, 65
therapy, 66, 84

Dichloromethane, 41, 212, 262
Dietary

culture, 167
ILEHUV����������������±�������������
restriction, 66

Diode-array detectors (DAD), 41, 44, 151
Diplotaxis tenuifolia, 129, 132
Dipole

nature, 211
rotation, 106
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'LVSHUVLYH�OLTXLG�OLTXLG�PLFURH[WUDFWLRQ�
(DLLME), 42

'RHQMDQJ����������±������
Douchi, 3, 4, 7, 10, 11, 25
'XQFDQV¶V�SRVW�KRF�WHVW�����
Dyslipidemia, 16, 67

E
(OHFWULF�ILHOG��������������������������������

302
(OHFWUR�VSUD\�LRQL]DWLRQ��(6,����������������
����������������������������±���

Electromagnetic
energy, 212
ZDYHV����������

Electron spray (ES), 317, 331
(OHFWUR�SHUPHDELOL]DWLRQ�����
Electroporation, 107, 288
Ellagic acid, 134, 152
Endocarp, 98
Endocrine

disorders, 16
IXQFWLRQ���������������

Endothelial
cells, 55, 218
NOS (eNOS), 22, 217

(QGRWKHOLQ����(7�������
(QKDQFHG�VROYHQW�H[WUDFWLRQ��(6(������
Enterocytes, 17, 46, 52
(Q]\PDWLF�K\GURO\VLV������������
(Q]\PH�DVVLVWHG��($���������������������

281, 286, 289, 296
aqueous extraction (EAAE), 108, 212
cold pressing (EACP), 108, 212

Epigenomics, 218, 231
Epithelial cells, 47, 215
Escherichia coli (E. coli�������������±�����

110, 185
(VVHQWLDO�RLO����±���������������������
Ethanolic extract, 74, 78
Eucryphia lucida�����±��������
European Union (EU), 58, 143, 155
Extracted ion chromatogram (EIC), 331, 322

F
)DFWRU�NDSSD�%�IRUPDWLRQ�SDWKZD\����
Fagopyrum esculentum, 127, 129, 130, 
���±�������������

Fast atom bombardment (FAB), 45
Fasting blood

glucose (FBG), 71, 79
plasma glucose (FPG), 66, 67
sugar (FBS), 76

Fatty acids, 16, 66, 78, 79, 96, 103, 185, 
221, 222, 260, 285, 290, 296

)HUPHQWDWLRQ���±����������±���������������
��������±��������±��������
SRVW�IHUPHQWDWLRQ����
SUH�IHUPHQWDWLRQ����
soybean products, 7

chungkukjang (soybean paste), 12
GRHQMDQJ��.RUHDQ�IHUPHQWHG�VR\�

paste), 12
douchi, 10
gochujang, 13
kanjang, 12
kinema, 10
kome miso, 9
natto, 7
soy sauce, 8
soy yogurt, 13
tempeh, 7

)HUPHQWHG�EHYHUDJHV��������������������±�����
184, 192

Ferric
LRQ��)H�����������
reducing antioxidant power (FRAP), 73, 
��������±��������±���

Ferrous (Fe��), 73, 78
Ferulic acid, 42, 48, 97, 135, 154, 155
Fiber concentrates (FCs), 78, 84
Fibroblasts, 81, 221
)ODYDQROV���������
)ODYDQRQHV��������������������������������
)ODYRQRLGV��������������������±������������

54, 57, 65, 70, 73, 80, 82, 84, 98, 107, 
��������±������������������±����������
189, 190, 204, 206, 215, 219, 220, 224, 
254, 255, 259, 264, 266, 284, 285, 291, 
��������±���
aglycones, 42, 47
compounds, 127, 153, 187

)ODYRQROV��������������
)ODYRQRQHV�����
Folic acid, 227
Folin

Ciocalteu, 39, 144, 146
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/RZU\¶V�PHWKRG�����
Food,

colorant, 103
)RRG�DQG�$JULFXOWXUH�2UJDQL]DWLRQ�

(FAO), 4, 67, 96
Food and Drug Administration (FDA), 268
)RRG�IRU�VSHFLILHG�KHDOWK�XVHG��)26+8���

68
matrixes, 36, 43, 46, 47, 126

Forkhead box O-1 (FOXO1), 216
Formic acid, 43, 44
)RVVLO�IXHOV����������
)RXULHU�WUDQVIRUP�LQIUDUHG��)7,5������
Free

amino acids, 6
IDWW\�DFLG��))$�����
radical, 19, 20, 22, 55, 70, 71, 145, 186, 
���������������������������������±���
VFDYHQJLQJ������������������

)UXLW�ZDVWH�����������������������±���
ELRDFWLYH�FRPSRXQGV�����
W\SHV����±���

Functional
IRRGV��������������������������
groups, 21, 267

G
*DOOLF�DFLG����±���������������������������

154, 155, 187, 206, 301
Gallocatechin, 100, 224
G-aminobutyric acid, 190
*DQJOLRVLGHV��Ȗ�JOXWDP\O�WUDQVSHSWLGDVH�
�**7������

Gastric emptying, 16
Gastrointestinal
LQIHFWLRQV����
WUDFW����±������

*HQRPH�DPSOLILFDWLRQ����
Genotypes, 228, 230
Germplasm, 312, 331
Global cell adaptations, 20
Glucose

6-phosphatase action, 79
absorption, 55, 74, 78, 79
metabolism, 17, 66, 78
oxidation, 71
peroxidase, 80
tolerance, 67, 71, 75, 76

transporter, 17, 220
W\SH����*/87�������
W\SH����*/87������������

Glucuronidation, 47
Glutamic acid, 188
*OXWDWKLRQH�6�WUDQVIHUDVH�����
Glycation, 71, 72, 84
Glycemic index (GI), 54, 55
Glycine max, 3, 4
Glycogen, 55, 75, 79, 256
Glycolysis, 204, 207, 281
Glycoprotein, 46, 52
*O\FRVLGHV�������������������±����������������

101, 285, 299, 311, 313, 325
Glycosidic bonds, 43, 46
Glycosylation sites, 46
Gochujang, 3, 4, 7, 13, 14, 20, 24, 25
Gram
QHJDWLYH�����������������
SRVLWLYH��������

bacteria, 21, 98
*UDQXORF\WH�FRORQ\�VWLPXODWLQJ�IDFWRU�

(G-CSF), 52
Green technique, 106
Greenhouse gases, 100

H
Health

arsenic exposure impacts, 245, 246
therapy, 225, 226

Helianthus annuus L.�����±��������±�����
137, 140, 141

Heme oxygenase 1 (HO1), 214, 218
Hemoglobin A1c (HbA1c), 71, 76
+HQOH¶V�ORRS����
Hepatic antioxidant status, 267
Herbal

extracts, 255, 299, 302
matrix, 298

Herbs and spices
FXOWLYDWLRQ�DQG�SURFHVVLQJ����
LGHQWLILFDWLRQ����
protection, 83

+HUSHV�VLPSOH[�YLUXV��+69�����
+HWHURF\FOLF�ULQJ�IUDPHZRUN�����
High

hydrostatic pressure (HHP), 95, 96, 108, 
113, 291

SHUIRUPDQFH
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OLTXLG�FKURPDWRJUDSK\��+3/&�����±����
�������������������������±����������
317

WKLQ�OD\HU�FKURPDWRJUDSK\��+37/&���
�����������������±��������

pressure
assisted (HPA), 281, 286, 287, 290, 

291, 296, 302
KRPRJHQL]DWLRQ�DVVLVWHG��+3+$��������

286, 287, 292, 293, 296
VROYHQW�H[WUDFWLRQ��+36(������

Hippophae rhamnoides, 260, 261
+LVWRQH�DFHW\OWUDQVIHUDVH��+$7V�������������

217, 218, 220
+RORHQ]\PHV�����
Homeostasis, 76, 218, 221, 255
+RPRJHQL]DWLRQ����������
Honey

antioxidant properties, 144
SK\WRFKHPLFDOV�RULJLQ�DQG�LGHQWLILFDWLRQ��

143
botanical origin, 150
current trends, 143
geographical origin, 152
summary, 154
total antioxidant capacity, 144

SRO\SKHQROV�ELRORJLFDO�DFWLYLWLHV����
DQWL�GLDEHWLF�DFWLYLW\����
DQWLPLFURELDO�SURSHUWLHV�RI�KRQH\����
DQWL�PXWDJHQLF�DQG�DQWL�FDQFHU�DFWLYL-

ties, 55
FDUGLRYDVFXODU�GLVHDVHV����
LPPXQR�VWLPXODWRU\�HIIHFW����

Horticulture, 283
Household therapy, 164
Human

breast cancer cells, 110
colon cancer cells, 110
hepatoma cells, 110
LPPXQRGHILFLHQF\�YLUXV��+,9����������

Hybrid method, 45
Hydrocarbons, 204, 284, 299
Hydrochloric acid, 38, 39
Hydro-distillation, 96, 102, 105, 209, 210
Hydrogen
DWRP�WUDQVIHU��+$7�����������
donation, 145

Hydrolysis, 17, 43, 57, 74, 105

Hydrophobic
bonds, 108
nature, 38

Hydrophobicity, 208
Hydroxycinnamic acids, 36, 48, 284
Hydroxyl

groups, 109, 206, 284
radical, 19, 213, 215

Hyperglycemia, 70, 71, 76, 78, 81, 220
Hyperkeratosis, 242, 246
Hyperpigmentation, 242, 248
Hypertension, 53, 54, 67, 204
Hypochlorous acid (HOCl), 215
+\SRJO\FHPLF�DFWLYLWLHV����������������
+\SR[LDLQGXFLEOH�IDFWRU����+,)�������

I
Impaired
IDVWLQJ�JOXFRVH��,)*�����
JOXFRVH�WROHUDQFH��,*7�����

In vitro������������±������������������������
�������������±��������±���������������
331

Incubation, 12, 111, 168, 171, 172
,QIODPPDWLRQ����������������������������������

76, 80, 189, 191, 221, 222, 247, 258, 261, 
284, 300

,QIODPPDWRU\
IDFWRUV����������
genes, 220

Insulin, 55, 66, 70, 71, 75, 76, 78, 79, 84, 
�������������±���
dependent diabetes mellitus (IDDM), 66
production, 66, 220
receptor (INSR), 78
VHQVLWLYLW\�������������

,QWHUIDFLDO�SRO\PHUL]DWLRQ�����
Interleukin, 22, 218, 221, 264
International
$JHQF\�IRU�5HVHDUFK�RQ�&DQFHU��,$5&���

249
Diabetes Federation Atlas (IDFA), 65
2UJDQL]DWLRQ�RI�9LQH�DQG�:LQH��2,9�����
7UDLQLQJ�DQG�5HVHDUFK�3URJUDP�LQ�(QYL-

ronmental and Occupational Health 
�,75(2+������

Intracellular hydrolysis, 6
,RQL]DWLRQ�SRWHQWLDOV�����
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Iron (Fe), 4, 145, 187, 213, 218, 245, 258, 
260

Isoelectric point, 13
,VRIODYRQHV�������������������������������������

284, 294
,VRPHUL]DWLRQ����
Isoprene units, 204, 205, 283
Isorhamnetin, 77, 151

K
.DHPSIHURO����±�����������������������������

130, 150, 151, 153, 154, 259
.DQMDQJ�������������±����������
Keratinocytes, 53, 224
Keratosis, 246, 247
Kinema, 3, 4, 7, 10, 11, 20, 23, 25, 166
Kinetic constants, 105
Kome miso, 7, 9, 10
Koompassia excels�����±��������±����������
���±���

L
/DFWDVH�SKORUL]LQ�K\GURODVH��/3+�����
Lactic acid bacteria (LAB), 5, 9, 13, 188, 

189, 192, 225
Lactobacillus bulgaricus, 5, 13
Leptoseprum scoparium�����±��������
Leptospermum

polygalifolium, 128, 131, 134, 137, 140
scoparium�����±��������

Light microscopy, 293
Lignans, 36, 109, 215, 216, 254, 264, 285
Lignin, 100, 110, 187
Lignocellulosic biomass, 100
Linear discriminant analysis (LDA), 148, 

150, 152
Linearity, 44, 315
Linoleic acids, 73, 99, 222
Lipid, 16, 21, 46, 53, 55, 57, 72, 73, 75, 77, 

78, 80, 99, 107, 190, 217, 222, 255, 256, 
��������±���
bilayers, 57
peroxidation, 217

Lipophilic antioxidants, 146
Lipoprotein, 57, 67, 80
OLSDVH�DFWLYLW\����

Liquid

FKURPDWRJUDSK\��/&�������������±��������
109, 110, 144, 150, 152, 153, 311, 314, 
��������±��������±���
mass spectrometry (LC-MS), 109, 110, 

153, 317
liquid extraction (LLE), 41, 42, 44, 286

Listeria monocytogenes, 21, 99, 101
Litchi chinensis, 128, 129, 134, 137, 138, 

141, 142
Low-density lipoprotein (LDL), 54, 55, 72, 

74, 75, 77, 79, 80, 217
Lunasin, 4, 20, 22
Lygodium flexuosum, 170, 180, 182

M
Maceration, 82, 96, 102, 105, 208, 210, 281, 

286
Maillard reaction, 52
Malondialdehyde (MDA), 76, 264
Malonic acid pathway, 206
Manganese (Mn), 4, 187, 192, 217, 245
0DQJLIHULQ����������±��������±����������

327, 328, 331
Marker molecules, 144, 150, 152, 154, 155
Mass

spectrometry (MS), 35, 41, 44, 45, 47, 57, 
109, 110, 144, 150, 152, 153, 311, 314, 
��������±��������±���

WUDQVIHU�������������������������
0DWUL[�DVVLVWHG�ODVHU�GHVRUSWLRQ�LRQL]DWLRQ�
WLPH�RI�IOLJKW��0$/',�72)������

Medicinal plants, 67, 72, 164, 166, 167, 
192, 252, 262

Melaleuca cajuputi����������±����������
137, 141, 142

0HODQLQ�����±���
Melanocytes, 222, 224
Melanosomes, 222, 224
Membrane proteins, 6, 20, 21
Messenger ribonucleic acid, 224
Metabolic

cycle, 282
disease, 67
disorders, 65
pathway, 6, 207
syndromes, 67

Methylation, 219, 224, 227, 242, 251
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0HWK\OHQHWHWUDK\GURIRODWH�UHGXFWDVH�
�07+)5������

Methylerythritol phosphate (MEP), 204, 207
Micellar electro-kinetic chromatography 

(MEKC), 45
0LFKLJDQ�FDQFHU�IRXQGDWLRQ����0&)�����

110, 266
0LFUREHV���±�������������������������������

189, 203, 225
Microbial

community, 9
consortia, 4, 163
IHUPHQWDWLRQ���±�����
metabolism, 47
population, 177
strain, 7
W\SH�FXOWXUH�FROOHFWLRQ��07&&������
YLUXOHQFH�IDFWRUV����

0LFURILOWUDWLRQ��0)����������������
0LFURZDYH�DVVLVWHG��0$���������������������

286, 287, 293, 296, 317, 318
extraction (MAV), 42, 96, 106, 113

Minimum inhibitory concentration (MIC), 
110, 113

Mitochondria, 57, 222, 256
Mitochondrial

damage, 22
membrane, 214, 219
transmembrane capacity, 264

0LWRJHQ�DFWLYDWHG�SURWHLQ�NLQDVH��0$3.���
218

Molecular
mass, 45
medicine, 226
signaling pathways, 218
weight, 4, 22, 36, 53, 109, 281, 297, 298

0ROLVFK¶V�WHVW�����
0RQRIORUDO�KRQH\V�������������������
���±���

0XFRDGKHVLYH�SRO\VDFFKDULGH����
Multi-drug resistance (MDR), 49

protein 1 (MRP1), 49
0XOWLIORUD�����±���
0XOWL�ZDOOHG�FDUERQ�QDQRWXEHV��0:&17V���

38, 41
Musa balbisiana, 100, 170, 180
Mutation, 218
Myricetin, 40, 150, 151, 153, 154

N
Nano-carriers, 269
Nano-emulsions, 226
Nano-encapsulation, 226
1DQRILOWUDWLRQ��1)�������������������������
Nanoparticles, 100, 269, 331
Nanotechnology, 226, 269
1DULQJHQLQ����������������������±����������

268
1DWLRQDO�&ROOHFWLRQ�RI�,QGXVWULDO�0LFURRU-

ganisms (NCIM), 100
Natto, 3, 4, 7, 8, 10, 18, 22, 23, 25
Necrosis, 220, 221, 246, 264, 265
1HJDWLYH�HOHFWURVSUD\�LRQL]DWLRQ��(6,±), 153
Neoplastic lesions, 219
1HXURGHJHQHUDWLYH�GLVHDVHV����������
Neuronal NOS (nNOS), 217
Neuropathy, 65, 70
Neurotransmitters, 259
Neutrophils, 53, 215
1�KH[DQH�H[WUDFWLRQ�IUDFWLRQV����
Nicotinamide adenine dinucleotide phos-

phate (NADPH), 75, 80, 214
Nitric oxide (NO), 19, 22, 53, 54, 71, 217, 

248
synthase (NOS), 22, 217

Non-insulin-dependent diabetes mellitus 
(NIDDM), 66

Nuclear
IDFWRU�NDSSD�%��1)ț%������
magnetic resonance (NMR), 144, 298
UHODWHG�IDFWRU����1UI������������
translocation, 22

Nucleic acids, 281
Nucleotide polymorphism, 226, 227
1XWULJHQRPLFV����������±���

O
Ohmic heating, 294
Oncogenes, 218, 219
Onion peel extract (OPE), 78
2SHQ�ILHOG�PRWLOLW\����������
2UDO�JOXFRVH�WROHUDQFH�WHVW��2*77�����
Organic

acids, 12, 13, 44, 97, 99, 125, 126, 166, 
177, 189, 285

VROYHQWV��������������������
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Organoleptic properties, 12, 189
Oryza sativa L., 170, 175, 176, 178, 180
2[LGDWLYH

damage, 19, 20, 80, 256, 259
HQ]\PHV����
phosphorylation, 213
stress, 16, 18, 19, 35, 48, 55, 70, 71, 77, 
�������������������������������±�����
���������������������������������±���

2[LGL]HG�ORZ�GHQVLW\�OLSRSURWHLQ��R[�/'/���
55

Oxygen radical absorbance capacity 
(ORAC), 145, 149

P
3DQFUHDWLF�ȕ�FHOOV��������
Papaver somniferum, 205
Partial least squares discriminant analysis 

(PLS-DA), 153
Pathogens, 185, 188, 190, 290
P-coumaric acid, 39, 40, 82, 135, 151, 
���±���

3HFWLQRO\WLF�HQ]\PHV�����
Pectins, 104
3HSWLGHV��������������������±����������������
7KU�3UR�3KH�9DO�9DO����
7KU�3UR�3KH�9DO�9DO�$VQ����
7KU�3UR�3KH�9DO�9DO�$VQ�$OD����

Peptidoglycans, 21
Peripheral tissues, 78, 80
Permeability glycoprotein (P-gp), 49
3HUR[LVRPH�SUROLIHUDWRU�DFWLYDWHG�UHFHSWRU�
JDPPD��33$5�Ȗ�������������������

pH, 9, 13, 38, 40, 42, 44, 46, 66, 106, 111, 
��������±�����������������������

Pharmaceuticals, 36, 281, 284, 302
Phenolic, 41, 42, 44, 46, 57, 65, 70, 73, 99, 
������������������±������������������
DFLGV������������±�������������������������

104, 109, 125, 126, 135, 139, 144, 151, 
154, 155, 215, 264, 284, 290, 296

antioxidant, 100
FRPSRXQGV����±������±��������������������
�����������������������������������±�����
�������������±�������������������������
���±�������������

content, 48, 99, 101, 102, 107, 110, 126, 
148, 149, 152, 187

extracts, 39
IUDFWLRQV����
groups, 36
malonic acid pathway, 206
pigment, 105
SURILOH���������������
ULFK�GLHWDU\�ILEHU����
shikimic acid pathway, 207
substances, 42

Phenolphthalein, 177
Phenotypes, 227
Phenylalanine, 207, 226, 227

hydroxylase (PAH), 226
3KRVSKDWDVH�DFWLYLW\�����
3KRVSKDWLG\OLQRVLWRO��¶�NLQDVH��3,�.�������

220
Phospholipids, 21
Phosphoric acid, 44
Photochemi-luminescence (PCL), 145
Photodiode array detectors, 44
3KRWRVHQVLWL]DWLRQ�����
Photosynthesis, 281, 284
Phryium capitulum, 173, 174
3K\WRELRDFWLYHV

role, 213
KHDOWK�SURPRWLQJ�HIIHFWV������������

220, 222
R[LGDWLYH�VWUHVV�PLWLJDWLRQ�����

types, 203
alkaloids, 205
phenolics, 206
terpene, 204

Phytochemical, 35, 49, 65, 68, 82, 84, 
��±��������������������������������±�����
166, 189, 190, 206, 241, 243, 252, 254, 
�������������±��������
compounds, 70, 82
drugs, 254
HQFDSVXODWLRQ�DQG�LPPRELOL]DWLRQ�����
UHFRYHU\�PHWKRG����

Phytoestrogen, 4
Phytomedicines, 254
Phytomolecules, 321
Phytosterols, 78, 79, 190, 204
Phytotherapeutics, 241, 262
Phytotherapy, 252, 253
SUHYHQWLYH�DQG�FXUDWLYH�KHUEDO�DSSURDFK��

252
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FKHPRSUHYHQWLRQ�����
traditional medicinal systems, 253

3LJPHQWDWLRQ�����±�������������
Pinocembrin, 127, 150, 151, 153, 154
Placebo group, 257, 263, 268
Plant

matrix, 211, 286, 288, 290, 291, 295, 297
VHFRQGDU\�PHWDEROLWHV����������±�����
�������������±��������
alkaloids, 283
carotenoids, 284
FRQYHQWLRQDO�WHFKQRORJLHV�����
extraction assisted with pulsed electric 
ILHOG��3()$�����������±��������

H[WUDFWLRQ�XVLQJ�KLJK�YROWDJH�HOHFWULFDO�
discharge (HVEDA), 281, 286, 287, 
290, 294, 296

extraction using high-pressure homog-
HQL]DWLRQ��+3+������

H[WUDFWLRQ�ZLWK�HQ]\PDWLF�WUHDWPHQW�����
glucosinolates, 285
high-pressure-assisted extraction 

(HPA), 290
LVRODWLRQ�DQG�UHFRYHU\�����
PLFURZDYH�DVVLVWHG�H[WUDFWLRQ��09$���

293
PRGHUDWH�HOHFWULF�ILHOG�DVVLVWHG�

extraction (MEFA), 281, 286, 287, 
���±���

QHJDWLYH�SUHVVXUH�FDYLWDWLRQ�DVVLVWHG�
extraction (NPCA), 281, 286, 287, 
291, 292, 296

QRYHO�WHFKQRORJLHV�����
polyphenols, 284
VHSDUDWLRQ�DQG�SXULILFDWLRQ�����
VROYHQW�EDVHG�H[WUDFWLRQ�����
terpene, 283
ultrasound-assisted extraction (UA), 

281, 286, 287, 293, 294, 296
Plasma, 47, 48, 54, 55, 57, 66, 71, 75, 78, 

257
Polar

compounds, 38, 39, 41, 107
molecules, 212, 293

Pollutants, 96, 214, 241
3RO\IORUDO�KRQH\V�����±���
Polypeptides, 6, 285

3RO\SKHQROV������������±������±������������
78, 80, 82, 96, 101, 105, 109, 110, 126, 
127, 135, 144, 146, 149, 150, 152, 153, 
156, 187, 189, 190, 217, 219, 241, 258, 
�����������������������±��������±�����
294, 296, 297, 300, 301
FODVVLILFDWLRQ�����
IODYRQRLGV�����
QRQ�IODYRQRLG�SKHQROLF�FRPSRXQGV��

135
extraction techniques, 38

hydrolysis, 43
liquid-liquid extraction, 41
other extraction methods, 42
solid-liquid extraction, 38

TXDQWLILFDWLRQ�WHFKQLTXHV����
chromatographic techniques, 43
electrophoretic techniques, 45

Polysaccharides, 78, 188, 204, 281, 291, 301
3RO\XQVDWXUDWHG�IDWW\�DFLGV��38)$V����������
3RO\YLQ\O�DOFRKRO����
3RVLWLYH
HOHFWURVSUD\�LRQL]DWLRQ��(6,�������
LRQL]DWLRQ�����
receptor, 56

Potassium (K), 54, 78, 187, 192, 295
3RWHQWLDO�FKHPRSUHYHQWLYH�DJHQW����
Preadipocytes, 16, 221
3UH�%�FHOO�FRORQ\�HQKDQFLQJ�IDFWRU��3%()���

216
Prebiotics, 189, 204
Principal component analysis (PCA), 149, 

151, 152, 154
3URELRWLFV����������±��������
3UR�LQIODPPDWRU\

cytokines, 221
markers, 22
promoters, 220

Propolis, 45, 54, 126, 127
Prostacyclin (PGI2), 53
3URVWDWH�VSHFLILF�DQWLJHQ��36$�����
Protein
FURVV�OLQNLQJ�LQKLELWRU\�DFWLYLW\����
denaturation, 108
kinase C (PKC), 71, 217
ULFK�IRRG�PDWUL[HV����

3URWHRO\WLF�HQ]\PHV������������
Protoalkaloids, 283
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Pseudomonas aeruginosa, 21, 50, 51, 98, 100
3XOVHG�HOHFWULF�ILHOG�������������������������

287, 294
assisted (PEFA), 281, 287
extraction (PEFE), 95, 107

Q
4XDGUXSROH���������������
WLPH�RI�IOLJKW�PDVV�VSHFWURPHWHU�
�4�72)�06������

4XDOLW\�RI�OLIH��42/����������
4XDQWLILFDWLRQ�������������������������������

125, 150, 153, 155, 331
4XHUFHWLQ����±����������������������������
��±���������������������������������������
154, 187, 220, 226, 255, 259, 263, 265, 
266

R
Rabdosia rubescens, 109, 261, 267
Radiolysis, 214
Radiotherapy, 56
Raw materials, 83, 84, 105, 189
5HDFWLYH

nitrogen species (RNS), 19, 248
oxygen species (ROS), 19, 20, 52, 75, 

78, 145, 186, 190, 213, 214, 248, 256, 
���±���

Red
blood cells (RBC), 265
cell acid, 75

Redox reactions, 214
5H�HSLWKHOLDOL]DWLRQ����
5HIUDFWLYH�LQGH[����
Rennin-angiotensin pathway, 18
Retinoic acid receptors (RARs), 219
Retinol binding protein, 222
Retinopathy, 70
5HYHUVH�RVPRVLV��52�����������
Rhizopus, 8, 10, 24, 111, 188, 189
Rhododendron honeys, 149
Robinia pseudoacacia�����±���
Rosmarinic acid, 82
Rosmarinus officinalis L., 127, 129, 130, 
���±�������������

5XWLQ������������±�����������������

S
Saccharides, 12
DFFKDULILFDWLRQ����
Saccharomyces cerevisiae�������������±�����

169, 174, 188
Saccharomycopsis fibuligera, 176
S-adenosyl-L-methionine (SAM), 219, 227, 

251
Salmonella typhimurium, 99
Saponins, 216, 285, 287
Scanning electron microscopy, 293
Second mobile phase condition, 318
Secondary metabolites, 96, 109, 201, 215, 
���±��������±�����������������������
cosmetics, 300
IRRGV�DQG�IRRG�SURGXFWV�����
herbs, 299
others, 300
pharmaceutics, 299

Seed culture, 312, 331
Serum lipids, 77
Sesquiterpenes, 299
Sesquiterpenoids, 72
Single
DFWLYH�LQJUHGLHQW�VLQJOH�HIIHFW�����
FHOO�SURWHLQ�������������±���
HOHFWURQ�WUDQVIHU��6(7������
nucleotide polymorphisms (SNPs), 227
strand breaks (SSBs), 242

Singlet oxygen, 19, 213
Sinusitis, 80, 126
6RGLXP��1D������������������������±�����

184, 187, 252, 257, 295, 318, 322, 323
arsenite, 257

Solid
liquid

extractions, 38
ratio, 106

PDVV�WUDQVIHU�����
matrix, 106, 107
phase extraction (SPE), 39, 40

6ROYDWLRQ�SRZHU�����
Somatic cancer cells, 55
Sonication, 42, 211
Soxhlet extraction, 96, 102, 105, 208, 209, 

286
6R\EHDQ�EDVHG�IHUPHQWHG�IRRGV����±��
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DQWL�DQJLRWHQVLQ�FRQYHUWLQJ�HQ]\PH�
DFWLYLW\����

DQWL�FDQFHU�DFWLYLW\����
DQWL�GLDEHWLF�DFWLYLW\����
DQWL�G\VOLSLGHPLF�DFWLYLW\����
DQWL�PLFURELDO�DFWLYLW\����
DQWL�REHVLW\�DFWLYLW\����
DQWL�R[LGDWLRQ�DFWLYLW\����
ELRORJLFDO�DFWLYLWLHV����
RSLRLG�DFWLYLW\����

Spectrophotometry, 146
Spray-drying, 269
Staphylococcus aureus, 50, 51, 97, 98
Starter culture cake, 163, 167, 169, 171, 

173, 174, 176, 177
Stilbenes, 36, 109, 215, 264
6WUHSWR]RWRFLQ��67=���������
6XOIXU�FRQWDLQLQJ�FRPSRXQGV�����
Supercritical

extraction, 82, 107
IOXLG����������������������������������������

extraction (SFE), 35, 38, 106
applied extraction, 96

Superoxide dismutase (SOD), 20, 77, 217, 
257, 260, 264, 267

Swertia chirayita, 311, 314
Swertiamarin, 311, 313, 314, 317, 318, 321, 

322, 325, 327, 328, 330, 331

T
7DPDULQG�[\ORJOXFDQ��7*;�����
7DQGHP�PDVV�VSHFWURVFRS\����������
7DQQLQV����������������������������������������

217, 285, 287
Taxus baccata, 204
7HLFKRLF�DFLG����
7HPSHK��������������������
7HUDWRJHQLFLW\�����
7HUSHQHV������������������������������������
���±�������������±���
diterpenes, 283
hemiterpenes, 283
PHYDORQDWH�SDWKZD\�����
monoterpenes, 283
QRQ�PHYDORQDWH�SDWKZD\�����
norisoprenoids, 283
polyterpenes, 283
sesquiterpenes, 283

sesterterpenes, 283
tetraterpenes, 283
triterpenes, 283

7HUSHQRLGV����������������������������
7KHUDSHXWLF
DFWLYLWLHV����
agent, 52, 68, 74, 77
YDOXHV������������������

7KHUPR�VSUD\��763�����
7KLREDUELWXULF�DFLG�UHDFWLYH�VXEVWDQFHV�
�7%$56�����������

7KRXWVKH�����
7LPH�RI�IOLJKW��72)����������������
7LWUDWDEOH�DFLGLW\�����
7RWDO
DQWLR[LGDQW�VWDWXV��7$6�����������
GLVVROYHG�VROLGV��7'6������
H[WUDFWHG�SRO\SKHQRO��73�����������
IODYRQRLG�FRQWHQW��7)&������������
���±��������

R[LGDQW�VWDWXV��726�����������
SRO\SKHQRO�FRQWHQW��73&�����������±���
radical trapping antioxidant parameter 
�75$3������

7UDGLWLRQDO�&KLQHVH�PHGLFDO��7&0������
Trans polyphenol standards, 41
7UDQVFULSWLRQ�IDFWRU��������������
7ULJO\FHULGHV������������
7UROR[�HTXLYDOHQW�DQWLR[LGDQW�FDSDFLW\�
�7($&�����������

7URSLFDO�KHUEV������������
7U\SWRSKDQ���������
7XDODQJ�KRQH\�����������������
7XPRU�QHFURVLV�IDFWRU��71)����������±�����

265
7XPRULJHQHVLV�����
7\SH���GLDEHWHV�PHOOLWXV��7�'0�������������
7\URVLQDVH��7<5������±��������

U
8OWUD�KLJK�SHUIRUPDQFH�OLTXLG�FKURPDWRJ-

raphy (UHPLC), 35, 44, 152, 153
Ultrasonic-assisted extraction, 105
Ultrasound, 42, 96, 107, 108, 211, 281, 290, 

293, 294
assisted (UA), 42, 96, 281

8OWUDYLROHW��89�����������������������������
298, 318, 324, 325
B radiations, 222
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YLVLEOH�VSHFWURVFRS\�����
8QLWHG�1DWLRQV�,QWHUQDWLRQDO�&KLOGUHQ¶V�

Emergency Fund (UNICEF), 254
8QLWHG�6WDWHV�$JHQF\�IRU�,QWHUQDWLRQDO�
'HYHORSPHQW��86$,'������

8UEDQL]DWLRQ����
Urinary

prostaglandins, 54
WUDFW�LQIHFWLRQV��87,V�����

Urothelial cell line (UROtsa), 267

V
Vanillic acid, 40, 73, 82, 97, 153, 155
9DVFXODU�HQGRWKHOLDO�JURZWK�IDFWRU��9(*)���

217
Vero-cells, 262
Vitexagnus-castus, 128, 136, 139, 140
Volatile

acids, 188
oil, 105
VXOIXU�FRPSRXQGV����

W
Water
DFWLYLW\�����
distillation, 105

White blood cells (WBC), 265
:RUOG�+HDOWK�2UJDQL]DWLRQ��:+2�����������

68, 201, 216, 242, 254

X
Xanthophylls, 100, 103, 284
X-box binding protein, 222
Xenobiotics, 214, 242, 271
Xyloglucan, 80

Z
=LQF��=Q�������������������
Zingiber officinale, 75, 129, 131, 135, 137, 

138, 141, 142, 257
=XWKR���������������
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