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6 NIMUINTFIUNTABUNTE A = Acetic acid, B = Ascorbic acid, C =
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ABSTRACT

Mulberry is rich in polyphenols, flavonoids, and anthocyanins, which have

been suggested to be responsible for health benefits. The total antioxidant capacity

was estimated by the following methods: ABTS™ (2,2"azinobis-(3-ethylbenzthiazoline-
6-sulfonic  acid)), DPPH  (1,1-diphenyl-2-picrylhydrazyl ~ radical) and ferric
reducing/antioxidant power (FRAP) expressed as TEAC. The total phenolics were
measured using a Folin—-Ciocalteu assay. The content of total flavonoids was
measured also spectrophotometrically by using the aluminium chloride colorimetric
assay. The concentrations of organic acids (oxalic acid, tataric acid, malic acid,
ascorbic acid, lactic acid, acetic acid, citric acid, and benzoic acid), flavonoids ((+)-
catechin, (-)»-epicatechin, rutin, procyanidin B1, procyanidin B2, myricetin, trans-
resveratrol, luteolin, quercetin, naringenin, and kaempferol), phenolic acids (gallic
acid, protocatechuic acid, p-hydroxybenzoic acid, chlorogenic acid, vanillic acid,
caffeic acid, syringic acid, p-coumaric acid, ferulic acid, sinapinic acid, and cinnamic
acid), and anthocyanins (kuromanin (cyanidin 3-O-glucoside), keracyanidin (cyanidin-3-
rutinoside), malvin (malvidin 3,5-diglucoside), delphinidin, cyanidin, pelargonidin, and
malvidin) in mulberry fruits of 8 cultivars [Nakhonratchasima 60 (NS 60), Buriram 60
(BR 60), Chumphon (CP), Wavee (WV), Chaingmai (CM), Pikultong (PT),
Kamphaengsaen (KS), and Kamnanchul (KJ)] grown in Northeastern Thailand were
examined. The materials were extracted with methanol and analyzed by reverse
phase high-performance liquid chromatographic (RP-HPLC) with UV detection. The
total phenolic content was found from 17.38 to 50.93 mg GAE/100g fresh weight.
Total phenolic contents of the eight cultivars of mulberry fruits decreased in the
following order: WV > KJ > NS 60 > CM > PT > CP > BR 60 > KS. The highest total
phenolic content was present in WV (50.93 mg GAE/100g fresh weight), whereas,
lowest was present in KS (17.38 mg GAE/100¢ fresh weight). The total flavonoid
contents varied significantly (p < 0.05) among mulberry fruits ranged from 11.98-47.79
mg CE/100¢g fresh weight. Among mulberry cultivars, KJ, WV, and NS 60 exhibited the
highest amounts of total flavonoid contents (47.79, 36.61 and 35.43 mg CE/100g

fresh weight, respectively). Lycopene contents of fresh mulberry fruits ranged from
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0.29 to 0.72 pg/g fresh weight. Beta-carotene contents of fresh mulberry fruits ranged
from 0.45 to 1.77 pg/g fresh weight. Mulberry fruits were not good sources of
lycopene and beta-carotene, which showed a low value. Ascorbic acid was the major
organic acid in every mulberry cultivar analyzed, followed by benzoic acid, malic
acid, and tataric acid, respectively. Among mulberry cultivars, KJ, NS 60, CM, and BR
60 exhibited the highest amounts of ascorbic acid contents (23.40, 22.26, 21.18, and
19.86 mg/g fresh weight, respectively). Benzoic acid was also high amount in
mulberry fruit cultivar analyzed. CM, WV, and KJ exhibited the highest amounts of
benzoic acid contents (15.10, 15.02, and 13.40 mg/g fresh weight, respectively). The
ranges of other acid concentrations found in fresh mulberry fruits were as follows:
tartaric acid, 3.55-7.10 mg/g fresh weight; malic acid, 3.07-6.70 mg/g fresh weight;
lactic acid, 1.18-5.07 mg/g fresh weight; acetic acid, 0.23-1.68 mg/g fresh weight; citric
acid, 1.23-7.85 mg/g fresh weight. Total organic acid contents of the eight cultivars of
mulberry fruits decreased in the following order: CM > KJ > KS > BR 60 > NS 60 > WV
> PT > CP. The mulberry fruit revealed the mainly presence of flavonoid compounds
including (+)-catechin (70.05-183.65 mg/100g fresh weight), procyanidin B1 (11.62-
50.83 mg/100g fresh weight), quercetin (0.77-15.26 mg/100¢g fresh weight), rutin (3.09-
6.42 mg/100g fresh weight), and (-)-epicatechin (1.70-6.62 mg/100g fresh weight).
Gallic acid, cinnamic acid, and p-hydroxybenzoic acid were found to be the major
phenolic acids in mulberry fruit cultivars. The range of caffeic acid, p-hydroxybenzoic
acid, chlorogenic acid, and gallic acid, contents were 1.06-8.17 mg/100g fresh weight,
1.77-7.13 mg/100¢ fresh weight, 1.38-6.95 mg/100¢ fresh weight, and 1.36-6.25
mg/100g fresh weight, respectively. Sum of phenolic acid ranged from 14.01 mg/100¢
fresh weight (cultivar BR 60) to 29.91 mg/100g fresh weight (cultivar KJ). The results
showed that anthocyanin content of mulberry fruits varied greatly among cultivars.
HPLC analysis showed that the predominant anthocyanins in mulberry fruits were
kuromanin and keracyanidin. Delphinidin and malvin were also high value in
mulberry cultivar analyzed. Among mulberry cultivars, BR 60, KJ, CP, and NS 60
exhibited the highest amounts of kuromanin contents (125.94, 123.50, 118.45, and
104.10 mg/100g fresh weight, respectively). Keracyanidin was also high level in
mulberry fruit cultivar analyzed. KJ had the highest keracyanidin content with

average value of 30.05 mg/100g fresh weight (p < 0.05). Sum of anthocyanin contents
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of the eight cultivars of mulberry fruits decreased in the following order: KJ > CP, CM,
NS 60, BR 60 > PT > WV > KS. Scavenging abilities on DPPH radicals were excellent
for ethanolic extract of NS 60 and ECs, values, the concentrations of the ethanolic

extract of mulberry fruit that exhibit 50% reduction in 2,2-diphenyl-1-picryl hydrazyl

hydrate (DPPH), of NS 60 (241.83 Wg/ml) was significantly lower than those of the
others (p < 0.05). KJ had highest reduce TPRZ-Fe (lll) complex to TPTZ-Fe (Il) (42.28
mg Fe(ll)/g) and NS 60, WV, and CP had highest scavenging of 2,20-azinobis 3-
ethylbenzothiazoline-6-sulfonate (ABTS™) radicals (4.21, 4.19, and 3.42 mg TEAC/g,
respectively). Total phenolic and total flavonoid contents of the mulberry fruit
showed positive correlated to the scavenging activity of DPPH and ABTS™ radicals
and the ferric reducing ability (FRAP assay). A significant correlation was obtained
between antioxidant activity (DPPH assay) and total phenolic content indicating that
phenolic compounds contribute significantly to antioxidant activity of the
investicated mulberry fruit. The results obtained demonstrated that the mulberry
fruit with high antioxidant activity exhibited relatively high total phenolic and total

flavonoid contents.

Keywords : mulberry fruits, flavonoid, phenolic acid, HPLC, antioxidant activity
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wilou (mulberry) Wuiiwniinisugnunnneniamile waznianyiusenideunileves
Useelne  lusdnnisugnudeutiyaussasdvaniiouitumdeululdlunismnzidesivueu
Tty uiludagiulafinnsunendiusing 9 vessumiou wu erssumiou Tu 510 wWaen
vusn uasnandou lUldUsglenllusnusing q edunisiiunmuauazdnaninlunsly
Usglewdlvinieuinadu sunsdowanunsavgnialufuiounnylin widwsunisugnusiouite
[ o & £ o =2 =¢ v 1 1% A < S VP v A
Sutsgnuna Indudesaniladadadosing o vangau Ae Wuiiunliddviads Insseune
S Ao IS Y a = a [ = ! a ! [ ' a
Ue wazdinthaudn Auldiunsavsedianniul aenudunsa-ae vesiualsedly
I 6.0-6.5  anmiiuiuavdesliineiuseTalunisifalsassuiaveddsanniinney

wa v 1

mnipgiluseiRdnan azdsauityinisugningldnuneniianumumusalsasinidy fun

sala 1

Ugnansilunaanansnsaliilalugngquasdmsumsgnagldvieuiugniiengunnin 6

9 9
1% ¥

Wou finduvieuss 15-20 wufuns idufiegaulauvesieuiugluguluiielesiug
519313 10 Wl dawanularsthlguludunfuiiedesiunmssevevetl udmowiugly
Undradlundas andseanar 3 Tu 4 dwveaviawiug Tivinedu 10x10 wWas waza1unse
veneiugmioulpeisnistndvouiugadluge  nseeuis  waznisfianuusiuse  Wusu
(3¢fus, 2546)
| & A A ¢ da o a I
vl (mulberry) WWuitviiagluied Moraceae ns¥na Morus spp. fituniineglu

WaULIANUY (temperate zone) dmduliinalungy deciduous fruit plant WseUszuam
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hard wood fi Tuagsidluggluldsis wasiimsiindsluganun ddusnss Tulldnuazves
gluduguadelulng Yangluwway meenduydamisin (mix bud) fie $smlu wazen
poneguiuiinauuunasn Fulunaiiinanmdng (catkin) voeUiu nneaudi sxiive
a A | v a aa d? 1 ! LY ) 5 Aa
pentAnTnmlsluresTseInitinTulml  diudnvazvesnon uRLUUABNNINES
Y o ) o . . = YA = Ao o v )
% uareenmiilousniuauazay (dicecious) wIBUNTUGUUABNTITNETHIE Lazsa
dleagludufeniu (monoecious) Ineiivany 9 nensgludeideaiu Tuuiessiumioundu
v ¢ a o QA A =t & ~ vy I A Y
WugRediuaunsaveinsdewna  numenildllidusnmeniisls  Wugvslounnuegin
lanflannunevaeangiug duvasiulanseaeegnily Awslunseu (tropical zone) Lus
9UgU (subtropical zone) LWANUNI (temperate zone) uazlIanUILEU (sub-arctic zone)
dlngidunsugnifiethlumieulldlunmsiwzidesilm wAtdnvaneanenugnly
Uselevdlusudu 9 wu vslnewaan Wusuliidmsutsan (wind break) Wuldiuszeu 1Ju
v fw =) v 61 . . . = Val o v 6
91svesun  wasunaeiugdaluiiviugln (wild varieties) @sladnisdnuunanenug
MilousEAU Species \UAAT W.A. 2296 Wl Linnaeus lasuunaneiugumiouseniu 5
Species oA Morus alba L., Morus nigra L., Morus rubra L., Morus tartarica L. Wag
Morus indica L. aufisd w.e. 2460 Koidzumi laduunaneugnieusandu 24 Species
waz 1 Subspecies mauninngnumanssfUuie Horita lduunaneiugrieusoniduy
35 Species (3dus, 2546)
anwgnNgNEAanTveley  MIdaviiavvesiuvdeunelaszuun1siany

auNIIIsIUvRITiiRwalUl

Division Spermatophyta
Class Angiospermae
Subclass Dicotyledonae
Order Urticales
Family Morus
Species spp-

Wuguniauninuagnalan

WugnieunivgniusgMmilaniynunevateiug - Tunaaiiiiansza1eninewineuin

Ao AslunIaU (tropical zone) WABUEU (subtropical zone) lWANUNY (temperate zone)

[

wazlunnuIiu (sob-arctic zone) dulngilunisugnifieriluluidesing wilidnvaieiug

]
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mhlulduselonilugudug  wunissudsemuwa  msthluBudulddmsudean  (wind

s

break) Ugnliitelddmiuiduemsvesun msvgnifulivsediBuouumuma uazunaiug
fadufiwitusin (wild varities) Snssuuniusvioussdu species Budoud U Af1753
dle Linneaus lodnuunitugusiou panilu 5 species leun Morus alba L., Morus nigra L.,
Morus rubra L., Morus tartarica L. wag Morus indica L. aufist a.A. 1917 Koidzumi 1§

uunuguiieusanilu 24 species waz 1 supspecies saatnngnumMansyIPUL o

'
1A

Horita émunitusuioueenidu 35 Species Tavswunld Ju 2 ndu &l ngud
Dolichostylae ({Junguiiifuinasiiilos) Uszneusie wudsinsg Ae

1. Morus arabica Koidz. uvasiniineglulszina nguezsnieu uazleunu

2. Morus mizuho Hotta. flunasfnifinegluusemediu

3. Morus mongolica Schneider. fiwnasniiinegluusemeRuiasinIvg

4. Morus nigriformis Koidz. flunasniiinegluneuldvesUszimeiu

5. Morus notabilis Schneider fuvasiniineglulszinaiy

6. Morus bombycis Koidz. fiuvidafidinegluussimadiu Ju uasin1va

7. Morus rodundiloba Koidz. fuvasiniinegludssnalny

8. Morus acidosa Griffith. funasnineguauguifinnge neuldvesssinaly
Ussnaldniu wagmaneuldvessemadu

9. Morus kagayamae Koidz. fluvasniiinegluinig Hachijo tn1e Miyaki wag
Aoshima

10. Morus yoshimurai Hotta. flunasfifinegluinz Hokkaido Uszinadivu

11. Morus cordatifolia Hotta. ﬁLL‘Via'aﬁwLﬁmagmmaumﬁaﬁuamismmﬁﬁu

12. Morus formosensis Hotta. duviasninegludssimnaldniu

| Ay s

o I v A 5 ) Y 1% [y
nauyl 2 Macromorus ({Junguiiimunasdudedu vseliinnunas) Usenaume wug

1 N
A149) Ao

1. Morus serrata Roxb. HuvasiniineguauliienuIiingy uazusiuuaTuLAY
Wes Uszwedune J9ruiu Taslulesy 2n = 84 (hexaploid)

2. Morus nigra L. fluvasnineguauiodinziunn Aesindauazuauoside i
12U Tasluley 2n = 308

3. Morus tilliaefolia Makino. HuviasnineglunialdvesUsemagduwaziniva

911U lastulay 2n = 84 (hexaploid)
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4. Morus cathayana Hemsl. flunasnineglunounatvesuseinaiu d9uiu
1Aslulaw 2n = 56 (tetraploid)

5. Morus mesozygia Stapf. duvasiniineglusnining JunnuayUseinagaiu

6. Morus laevigata Wall. Suvasiiilneglunauliieniuiiindeuazninng iunnves
Uszmnadu J91uu Iasluley 2n = 56 (tetraploid)

7. Morus insignis Bureau. fluvasiiiineglunivawsnila

8. Morus macoura Mig. fludaiilineglulseimanniaile 1nguns uaziny
Y

9. Morus rubra L. flunasniiinegluniveuisnunile

10. Morus mollis Rusby. fuvasriiineglulssinadndin

11. Morus celtidifolia Kunth. fluvasiiineglunivawsnuvilewaznivewsnile

12. Morus microphylla Buckl. flunasniiinegluniveuisnunile

13. Morus boninensis Koidz. Sunasfiniinagluiniz Bonin I31u7u laslulew 2n =
56 (tetraploid)

14. Morus (atifolia Poiret. fuviasiniineglulszinaiy

15. Morus alba L. fiwasiiiinegluusemedu d91uiu lastulay 2n = 28

16. Morus atropurpurea Roxb. funasiiilnagneulavesussinaiu

17. Morus viridis Hamilton. duviasinlineglunamileveduiie

18. Morus peruiana Planchon. ﬁLmﬁﬂﬁ’]LﬁmagﬂuUizmng

19. Morus yunanensis Koidz. ﬁl,meiqri"ll,ﬁmasﬂuumsmagmu UszlnAdu

20. Morus wallichiana Koidz. fuvasiilneglunamilevesdudy  Useine
Wgwilhs wazsanaguuveTEINAIY

21. Morus wittiorums Handel. ﬁLmdﬂﬁ’]LﬁﬂaﬂuﬂﬁzLVIﬂlVIB

22. Morus mallotifolia Koidz. fiunasiiilnaglulszimnelng

23. Morus miyabeana Hotta . dunasiniinegluing Amakura UszimegdUu
v g 1 o/ o
wusuisusuusEmunanUanludszmdlne

o & 1 Ao v ~ < a | A & a | v & a
WugnieunldUgniaiunandanavdoy  vsoiiurandslunteula LA UNaNEANS
1 [~3 Y A
yilauwunanassls As
1) aneiugidedlny
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Dumeiugmiouignlulsemalneiiouslnananiou wuindivgnlu
mawmlennununateduduiua  wiliusnguangiudanuaunsoduauduniialaiiiesin
Tusnd we. 2515 welnda wdln ldiugmisunnandinenssasiin Jmindedu an
Ugntfluauiisnaidios  dwiadedmi  quistaetu  suriliinugnnszaieialums
mawidlonouu uazlumyjthurnlneguivesmamile dumisuditlony 3 U a¢lvinandnua
yaloutszann 600 - 700 Alansudelsrod uawidledumisuiionguiniuaslinandnnanou
lahndn 1,000 Alanduselinel namiewiufidedvigiidnuasidu Ao fnavuialug)
USuunsngs pwih  savfvounaunden  ngdwisuusloanaan waznIsuUsIU
Yeeiuglaieg  waraunsanvuanatlunisinandals  medsnistsdulveenneninug
wenggma  fuiusihdgnlduniufinewvesmamiie  messusen  uaznia
pyfuoenidoanile  mniduiuiifiannsoliinldlussnisdumiousenaenfnraaudafiu

WNeaTwhlilanandnas (Audnloulnuadunssifesia Welwl, 2550)

Y
3 4

2) @ngWusUIsUE 60

99

A A

et w.A. 2525 dnsuniugvdeuraneay 44 (Luin Jio 44) nans1sasy

Ui Adnwazaume dnswsyiulad Tulwg wun devdssAsudnsd Tinandnluns

v 6

l3a9 usviousiugoonsinen doseeiuglnonisinnviedouis U wa. 2526 weiFes
A o3uy uavany Wnaufudaleuninoiay 44 (iwendle) Fuvsiouiusiien () lédu
ndugnasuUas 140 anesius wasdnidonduiidnuasdly 58 aewug Wl nea. 2527 -
2528 Aadenanetugivieuiugoonsindts dumulsaludn saiud Tulvguagmunld 12
aneiiug Tl wa. 2529 - 2530 vimsiUSeuiieunandaluntdeu laglivteu 5 a1e Wug As
U3.4, U3.5, U3.9, U5.10 uae vs. 36 lngldvdeudeailuiudilSeuiisunnsgiu waziily

naaeuiuglulsinunsnsnfauaiimuies wiiudeu 2.az@uns) wudl videuagiug us.9

a

(MugUssud 60) lvnandnlugegalunnaniui

v ¢ Ao

WugyEsug 60 WWuiudmleuiiiunandslundeululdlunisineidesdy

9 9

v e & o a1 o v & v v 1 & =]
wueulny meiusilumenusniiunisuiuuseiugua Ingldnandounudissaslnenay

[ 1 @ 6 o v ! A v el s IS a a ! +, a
ﬂUVIlIEJ‘L!W‘L!ﬁq‘L!’]L“U"Iiﬂ"\]’]ﬂ@]’mﬂigL‘Vlﬂ ABNURIULUDT a4 llﬂ’]iLﬁ]ii}J}L@‘UIG]LLa%@@‘Uﬁu@W]@‘qEJG]

Ly

windausmawauns Tulvg v gdeuu Wifiende Tulinuamemnsadndifesiug

| £

Mlauley NTIRNUAINTI AzAINtUNISIUANTSH Wagguasny) Aunulsaluae Amuniulsns
wlavunane viewiugesnsinlad dednfnse luwmnziunsugnlununidanuenuauysol
i ldwngdunneesdily wavdeuserelsasaliy  uiasUlvinandslundeudseann

4,300 Alandu/ls wazaniralinanannansioulszanallasn 500 Alansu/ls (1dud, 2546)
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3. WUUATIIVEN 60

WieU w.A. 2518 W5.A9ALs 8711n190 (Kazushiro Yamakawa) dniugvisien

a

NGYuIUgn  efnwmsusudidiwin 6 g Ae wulud  (Kenmochi) 9aNed

(Shujakuichi) 8%lwig (Ichinose) waillng (Nezumigeishi) lASen (Kairyo) wazlediunly

fa o 1

(Oshimaso) Ngudidevaioulnuunssdin U wea. 2520-2523 wiefidy Hmeund uag

Az nudaiudnloudiliannsnanduiuglaesssuwfvemdeuns 6 Wug Ugndnw

fa o/ 1

fugiguiifemioulyamassvdin s1uu 480 meug uazdnidomenugilinandngsld
28 aneiug uavslaudsndnd dnsiindnaeiauddlugarue 1wl we. 2524 vnnsuauiug
valouaneiug 991ne3 wes 18 (mmdle) flsinandnlugstundeuniivuun (nag) Al
Wydulaavdansudais auldvlsugnuaniniunisdnidondisusn 300 anesiug U we.
2525-2526  Aadoniudmiougnuauiilinandngeuaranninlufimngdniuniadedlu
Sy 13 aeviug uasl wa. 2527-2530 UgnilFsuiiunandnidosiuluiosiunening
fiqudidomioulnuunssvdin anrdiveasanunsfigayune aninnaemseulvuanaunas

s

anivesnmdeulvitay  wazlsinensns  dwmdauasswdln  Iegldwleutieaduiiug

]

o

Wisuilgunnasgiu  lufigalivdeuaeiugfiviu 1 aevug Ao wl 20 wie Wug
wATIIBEN 60 NIMTATeEULNR TnananlukaranvuEnIINITNEATY 9 Andmteumn
aneugluynanIug
(v 1 = < 1 =1 v a d' a 1 A
dnwauswure  Wundswnedle Tvnandnluede 3,600 Alanssusialssied
Wigiulalantuanmisuandsiiuiganseauinmeayiunans 1,000 wes wigivlala
ANILLULN YA TEIAUNHUBALIIATAUTENIY TAUAILNITDIINISWANTIVAARALASA LU

L L3 1

Uwnae Weath Tullnudmisemsadindifesiuiugrilouties Aumanss dedenisiun

]

[
a

nssukazn1sguainy dunusielsasule wasmdglilassdulunans dedrinfe vieu
Wugeensinen msveneiugnleudludedldaisnsyiunisesnsin  wazdeuuerealsaly
AN
4) angugiunauau-and-42-1

valoustusiunaau-dud-a2-1  Humisufunaiihduiusunandsime
assasgUsrneudulaenuasns  uaznslasimsidoilewannssuumainenslung
dedlvg) Audideifiensiamnssuuiunsnssy (DORAS Center) uvnineinwasenans I
Wlgn o uUameees 2 A1RIINY  ANEINEAT  ANTINENNEATAIEAS 3NN

Ao o :

MuNgsa Havslaulinarunivg wavfianann nagouldde) nawnilawna Wegnilduiuas

e savnusulIsaiuniuunnllegniaud weuugiunau-nd-a2-1 ldiieusld
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Wlaawhiy  widdilufmunstumsdedny  ieswnlumndsanunsaldvsslosiiadu
miouRunawasmiowly  aunsolinandnldnaenind  TnelVnandnvomands 1,760
Alansumsalssiol (Uslune uazams, 2552)

5) aneiugevasiny 33

Tunieuiidnuaizijs mununans Wead uaznunuselsasudslédd Wy

lougnwasidaveanteu Wug Jing mulberry dsiunanussmadu finadnuvazdumy
Tselusing TeAnnanesiugdu 9 dnvaznareudilng wazaunhuulsguidunansioeiang
9 19 wiasUlvinandndmsulundoudseanu 1,500 Alansu/ls

5) vlouAuNaTUSIUY

v ¢

Wwgd Wudfinanes waziugiwmanay Wunlsufunaiugiuiesweslve

9

wswiug Ugnbingudidelvuuassvdun a.unssvdun uwasaudnioulnuaiunssiosd
aufansTInddann wisususdivg Ywingessnll wazaudmioulnuadunseiiesh
< Y aanad ad S 1 [ 1 N A b4 a
ALAINITZUINIIEANR WIzusuIWUWIe 2.Tedlnl [ Dunisuwedisfianunsalikandnna
walouldl aunihuwdsgudundndomieng o 1a wu hlues wey wasdinald Wudu
6) vlaut
< v sadwy 1A = Y ° I = o Y
Juaneiugndaldiinsfinulududwuniug - ddinsgaeeginalulunia
pyiueaniduwnile waznamile Tdnsmaasyivlalaluilinnuuas Wy unasum
g wagudin Wuliivhgudu wulanameduazimendls veduiinnugaldussann 50 wes
IS 14 1 L3 o v IS = A v 3.11 LY
wazdlvwadurnAugnansvedEIfy 1 wes Terguiuis 100 U dimsadaluiawazingalugg
W17 MNUUILHENTULAZADNILTUUIY Ussanauduiouunsna kadzaniufouliuiay o

a ] Ao = = < A = a =
Wau¥eY Nadeuildden uaziloanaundnadsiludvnasy nduren uazilsaninu
WusuisuiuusemunanUgnlusisuseina

1. ¥ug Red Mulberry (M. rubra) Wuiiugmisuiiugniiieldsudsemunaanuazuls
sUfuegraunsvaelurivouinasUsemanauavglsy ndufiviudoweniveiin
Guliwdands (Dudulivdiondely (deciduous) wwawsidn yswausnszaneeenmis
Frudne dnvaaduduliideseu wWienliduady deliFdeu farugmomsausiaus
5-21 ums Sdusinguinarsvesiu 60 wufmnsiiongiuenis 125 U lussszmaazisudn
ponlufiou  wwisu-nquaan  wazkavSugnidudisdludounsnyeu-deney  wa
mipuiuslfiuemvesdniissgniethuununadniduny uagld warunvanewia e
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wnaniduiiugnianunsoudsslidundadoumlivatssia wu 1l weu wad Tl thea
ymiou duFenvesiumisusmenituiudesniuriiueionjsi uenanduldugn
sumdeudulissdumuaiundonuazinouudnime

2. 1u§ Black Persian (M. nigra) iisiduiusmisuiituoglunnunouwmieres Asia
Minor, Armenea, sneuldes Caucasus Inalauda Persia autlagtuldnanundusiugi
Ugnitefutsemunaluuoulssinaglsy  sanqu alnunazafionuaus  daderudnléign
niluvgnivegaunsuanglaginsuynilsduney aa. 1600 dnavuialvg Yunel?
wnnd 1 dlumafiddy sasadunsadiunans

3. %iug Collier (M. alba X M. rubra) Wuiuggnuasfifivuianayunats 13 1-1/8
i e 3/8 T wegnilsaravu sendiae-m SanuiUiention auawiun devesnaan
81U YUIAVBINTIVHUIUNATS

4. §tus Downing Wug Downing \ufusBamzugnatnudn ansius M. alba var.
multicaulis Tud A, 1846 Tnadfuasisariafiunn naazduandaudiiou Sguisu dufeu
damau

s

5. g Ilinois Everbearing Winaniiuganyas senidne M. alba X M. rubra \agil
nsUFuUsugIuluD am. 1958 fidles White country §§ 3aused UssimAanssolssng
wagaziiudatien dninaa 12 wa se ounce savaukasiinduiinn Aenasniuny
Snwaraduuiusudroutiaie

6. W Kaester (M. nigra) Usuussitustulag Nelson Westree 33 aodioaiaoda 1u
1wl AA1971 nalldnvarlnguardsoudidiady sunvemasn 15 @1 a5 05 i
savpvauInn Snsduesihmauayauisaugatuogamed

7. Wug Pakistan Sauduia anilesdaanande UiAaau nadidnvaurlng unsan

s =

prueTvekn  25-35 41 Wuiusiifinunmidendeuduiigaluussntuguon
Sulssmumaiivgniusiome dnduksssarfamuvunaundounefuned nasmuuEnts
flududnuarsuile wansfumsgnluiuiiifonemuriduldiniuly

8. g Riviera saurdufla 91nidles Vista undvedide wadldnwauzeniFediawh
i enaUsEana 1415 59 wazne 0.5 T lelaiuviusnnradusmiuan sregnaInIai
Aenwudauditen wweuiaieu quieu

9. Wug Russian (M. tatarica) Wuiugthunaindsemedu iihdelsy Wedssuna

1,500 Yuudrdvemanoudiawasin Wuiusninunmibeudlonagniiuiiudy Insanugs
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80 35 e awnsavumuseruwiuddlaiduednd  Innsugniuegisunsuaneidu
Usglewilumaindunuiuauuazdmsuldiduomnsvesdnivn

10. Wug Shangri-la wrasniiinegluiias Naples dnadiuunalvg Lﬁuﬂ’uﬁ:ﬁﬂqﬂiﬁ
luiluiivhelusasmanaldveowsn nsaudvunalvgunn lulidnwasduguimila

11. Wu§ Tehama (Giant White) uvasinlinegluiiles Tehama Country 33
wednledidly walvgunidoniu dum gm1 275 81 nfe 05 T sawevuann oautuen
18 nseviailvig) anansadgnlduasysuslemuemidanumunudulsisndn

12. 1iug Wellington unasniinegluiiies Geneva $3iiigata nayuduasm dvuin
Ununans 17 1.25 17 n$a 3/8 T dnwaigsasn uaznaw sav1ad wagnidusveginaiuiy
vangdai duflvuialng  enanduiugiiiuniigaveenin  omazdenglndidssiy
g Downing

13, %ug Shah Tul (M. nigra) \Jumisuiiiiugneglukay wuin Tuweuuamniles
Usenadude  wiiduiusfiidananusema Sviiu dduruiananddlug Asiudy
svezdoudosdu lunuilvg Lifluen witlvusnn nadidnvarlnguazen dunady uAililogn

LqFA LA AU
% 3 1 =
wudndawwalsluuszmalng

oo

milpunildnwauzn1sannenesnnalluneilsazausalrnandanandaule Ll

g19azfiawin §UTN @ ndu wazsavaiuanaaiveenly unsiuginneneonnauiniasldy

o—

Tuiugdwiundanandould uiunsiudAnnanaennaties Aenvasidudsslevilunisinly

1%
Ly

Tuweiugnssudmsunisusulgnivinlouiiondanaiouluowian  Jsmeassiusla

9 q

o—

S0l e
1. Aadlw dlaslalew 2n = 28 26. KB 5 fllasluloy 2n = 28
2. uilngy 27. KB 6 fllaslulay 2n = 28
3.4 28. ) 33
4. wiasn dlpstuley 2n = 28 29. SK 2501
5. 1A39 30. UATIITENN 60 dlAslulen 2n = 28
6. @1 31. Tonkin
7. dulng) 32. UBLsh
8. 9T 33, wpLsaLAgly
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Y

9. vean Alasluloy 2n = 28 34. fafanya

10. 4l fMaslaleow 2n = 28 35, vialouSuUTENIUNAAE RGN

11. & 36. MaipUSUUIENUNAAERUGUIUNE
12. uMgua 37. MlaUSUUTENUNANENUGYUNS
13. lel 38. vlouSuUsEnUNaaERLSLATY
14. S 30 39. MilpuSUUTENUNAENENUTANaNDY
15. S 36 40. niipusuUsENUNAEENUG el
16. S 54 41. vauLie?

17. Kanwa - 2 42. fium wes 2

18. 3u LUes 44 43. Shujakuichi

19. N99939974 44. Shimichimose

20. Batac 45. 905 (1)

21. Los Banos 46. 905 (2)

22. 35ud 60 fllpslulos 2n = 28 47.905 (3)

23. y35ud 51 fllasluloy 2n = 28 48. 905 (4)

24. iyl 33 49. 905 (5)

25. Us. 7 dlasluley 2n = 28 50. NIIFIFIYI

51. Assumbola 55. K. Local

52. Ooshimaso 56. Oki

53. Kairyo nuzunijeaeshi 57.9u 40

54. M. Australis
FuvslouilaisizBueenaenlutiafoununiiusiauswewomnd  lagaen

UL WANDDNUINSBUNUTU haU USRI NLANTBlUNSauTananNUsEUNM 8-12 Ju Aan?

LY

< v A = = v A An v v € a a
vudnngennasilisasianuardundla  aendullenlasunisnauiugiaziasayaule
nanewuna Faldnwasunanuuieiunatesmiuazuyy Yenendifuszneusienen

Wane o sensauiuluteded rendiiudaznendziindunen (sepal) 4 ndu waziNAsH?

4 1nas (stamen) Bawvadu 2 @ fie Awnas (filament) wazduazeounas (anther) (3U

b eXe

P Y Y ] Aa o g A
7 2.1) deaenuiununasaznmesn uazUapsavesunasiianvugidudivdesesni
< o | | Y = v a = [ 1 4 v
Wudwawinn dudenendidleUszneusmenaunen 4 ndu $9ld (ovary) Aunasaad
(style) uazwamnasiuile (stigma) lnendunandzvieriuisluly Jeiliuesiidnuvueadne
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anueaden neluguiusaly (embryo sac) axdilgeu (ovule) UTTRY MUNATILIAIY

s

gnawansniueentumusinvesaneiug - drlaegavasinunasiudesenitennase

o Feazfiduuazvunuuiulneguey wWsldiluuamdadmudmsuanduinaseag e

I3 LY

gannasidudadieeniiunaslidnuaeduny  Jusudngssueniounazlasunisansazeas

s L

INATWaLlASUNNSHNALNULS dainasiiEnnasuugennasiligazgnivinlaeibailonves

]

Y o

ey Mldinnsnesiiuazunaviasnazeadnas (pollen tube) adludguiusliuaznay

fulvgeu ndandunszuunstuainisuauiugisinTuetwanysal (s, 2546)
NSWAILINTSVRINAVAIDU

navisloulaladnaglunguues berry fruit uidnaglunguves #asu (collactive fruit
= . . = & A a 1 & v & a [y 1 <
30 inflorescent fruit) FailunaiiiinaintensnsgeriuiudunaiedfuusauIsoNe el
Juwaidng uenfueguulnuresona nawdne wati3endn syconus Fanatnanilonavziin
PnMsHaNnasusolifesnaunasnla snduliinanan parthenocarpic fruit %39 seedless
fruit  Fadnanmsflifinisansavesunasyilrsalaasadvlnluilunauslusoulusslaly
a & I3 o ) P 1Y) A
Wiggluuwde Tneddnvae wun aunmkazduUsEneumaalimieuiunaninisuay
NaTNUTENIS MINRUINITVRIHantaUSUIINAeNVNaUIsLANeanunSauiuly  asuiu
wasnuanYelunieutenanUszana 8-12 Tu aenfiutudufisennasiifluaydsnuusd
mla dislssunmsuannasazdsudidudvmnelu 3 T nduardnmaiauinisvewa
IAYAUDINALTUIMNFTLT U3 YUY WA UATER TIUTTELLIAMERINABNUIUUTEU 40-
45 Junaazisugnuazen SnvazraniousreuiwazUszneuluimeumiulionaunifiud

] a a S a < o Suy 5 Aa o a X

ntuNaIzsudnasivTuavedsiazastnlalasiimasmdintuisssorUssann - 56

aa L4 =

Tundsanaenuiu lngagdldinaimidgans 65 niusednsuiUsinanInIzanausees Vel
anwuzvasdvanaliausauian v veItugle Wy Wug white mulberry aziidvasma
< A a0 = oA g v =

Judvn sunuas dag @01 Kaaginnuviuunn udazildiuuseneuvesansiiininuiuses
Uuagie g red mulberry dnadunaduluauiian diuiug black mulberry iinavuin
Tnguagiumueguin  wenanuunansioudunalinfidndiuvesminumin (sweetness)
waeAu3ed  (tartness) Wiaunafunanlainandewdunaldifisan@afian Tasavid
AnaUsevesartoudaladseaulndifesiunaretadu  MINNITNAFOUNITTN WUTIHG

milpugnuazandnlasunisueusuangmageuiiniign
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= T
ADNLAL AT

h
W '\-l. Stigma

i - Germinating
Pollen grand
. Integument

+. Nuclellus

. Perfanth

s Ovary cuvily

2 é AR

ADNALEY 29MNaw

A 2.1 dnuaizaenday aendaidle Wan wavnandleu

wennmewdziinaliiuiemugonia  Tudiadeunuaiusisuweundigad
wadananansadedulvimisufnauenganala Fal38n1s Ae nssalu Anvenuasliuna
anwagnsldufngyiuuuladvgeadvuiy - FSnstimingdwiunisugnmisuiug

A ¢

yF3ud 60 Milszezian 0.75x2.00 fe 3.00 w3 Taeileegismisunsu 6 e ABushs
olumioulinun Mndudddufadmniusnvuzundeunilagldideniayninfmiouwa
vildrAuBnuanils ilvuesguileuglusd Fsanugsesalusdmsgessana 1.5 s
mniudu  uwddeslimisuaiauiulanuunfanieuagiimaunnadiseenuifiouyna
wionfuiinsunstenensenmmainaiiuaneneenulml - mnenazisumzsesuUly
oy 9 unTnavun aliszang 3-6 ArpsenITiuANeaNIN Tudnwaiduiinieu 1 du
wlvinanAnnamiouUssanas 400-500 wa  waglvinandnselsuszanas 300-400 Alansy
iﬁmilﬂiuﬁmmiaLLU'&LLUmmJamﬁamaaaﬁ’qﬁumwﬁu ileveneszozianslinanansia
mipulfemuuty matidunisesnnentesieudniiuds e nisliuAamioufiugnuuy
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N3N NlszeeUgnuseana 2x2 RS w38 4x4 LUAS ijJumsUQﬂquhjﬁmsﬁmLwiaﬁq LAY
msveulimsanugeanituAy 1,50 wes Wemdeuuaninszlaslmitunnluusasy Aazeh
MsiuufslivatggenvuIuiuiumy  waznauazluufsasdasaluntausanliiun WSauna
) | A a oo a ' Y =S Y a Yoy

Angandiuidufdilisrsniusvinn 30 wuduns eenneu umddlduias Tddenynday
Aaleadnbifundnlimdnlivunuau wieldlikideulunenligenniiufuussann 1.50 wns
wnliuisaan Tdenyndainlifuneniidenly vsevisuduaiagavunuluseninawaives
sunsieuuddldunslvivwuiuiuiu Tdeenyndaialifuiduain dusseziaiveanishiuna

avagluthuseuiugrguianouunsau (3dud, 2546)
3 IS 1
asAUsEnaUMAiiluNasiay

HavslouUsznaumeualsiy Inndutnil Inndudass Indud nglasa glasa nsa
MINZN NIATRTTNA UasnIngesn Wavdow (M5199 2.1) vaneRuglukaue@enaned
YSinanhmnawdeievay 12 veaneiugivsinanhnainnifesay 20 Tunavideusin
wisagdnnaegUsunann nduven savau qvdidu Mendudnds Inndudaes uas
a a 1 a oA 1 [l [~ ) o ) v
Ifiudedas Tumnamsunmdlusaveduiiodmandowlugingsmads drgedseam un
o1 suaulivay wiledesniay wileduwduye annsenE@uaIAe kNo1NISUINLY waghkn
Uinilagnusaneg uendanilnavaloudilassnaalddunlsagunia 1salafinans vmnuwu
U1 81MFVRNHN Reufisye U13amila Ungsladin Ungale dnganenn drgadunsliiang waz
inAusaueeNIINTIINIY  (ANNNTENAIvIndItady, 2534) lunansieuandsiiansd
(pigment) lunguveswoulnleenfiu (anthocyanin) Failgrzsueuyadase (antioxidant)
Tneilunaniouanidunaanaglutig 258.41-2512.40 lulasniusionsy wenaniiilleuna

1 A a1 o ::v [ I3 a vy 1 a = 1
nisunagnMdunaan  @ldedmana) lladadudduty  wudnsliansuseneuiiuoasggs
Uszanad 13,130-21,900 lulpsniusionsy ageninlunavsieugnilunaanu3unaniou 5
Wi (auwe uasany, 2550)  asusznauiiuealinuaudilunisduginisulswivanse
LHOARDATUEINITONLEAULATUIN  SNWILKHALUNTZINIZDINNS  ABATUAISHNAINAITHAIBY
Famiu wazdudanisnsgyiulaveatoqdumnie (Middleton and Kandaswami, 1994) §in1s
a o 1 1 al fal a . = 1 ¢ P
THenuilunavdeulasaei@iiu (quercetin) Fuduasusznaunguailiuess lneilluna
wilougnilunaan 3420 lulasniusensy uasdilunavsioundeugniilunauis 176.40

wa

lulasnsusiansy FearstidauautRdualswaufoanduaudaiauiui

q
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M137°9% 2.1 drlsznaumaniivewandouluseninamsan (Houminuia 100 n3w)

dulsznaumaad Havinu (Fung) Hagn (Fideen)
1Usfiu (protein) 2.24 1.68
Aslulainsn (carbohydrate) 4.19 21.35
sl (fat) 1.35 0.47
waaLdey (calcium) - 0.21
Woaneda (phosphorus) - 0.07
wan (iron) - 43.48
3NN 19 (vitamin A) - 25.00
Aendu U 1 (vitamin B 1) - 50.65
a3 U 2 (vitamin B 2) - 3.66
08U T 6 (vitamin B 3) - 930.10
98U & (vitamin C) - 4.16
nsaludn (folic acid) - 6.87
luozdu (niacin) - 0.72
WUt (tanin) - 1.06
NIANLUNT (citric acid) a.17 1.51
wdule (fiber) - 2.03
101 (ash) - 1.52
ANudunsa-Ang (pH) 4.05 5.90
mm%u (moisture) - 72.95

i - 2dus, 2546

Ingaztieduginisiineon@iatuues LDL (low density lipoproteins oxidation) Tus1anie
dNMaTIanAILEBRINIsiAalsATinaInaneEeNNeluseny Wy Isandusulain
galsalumnu lseiila waglsaldudenateasiu dnmsldansuszneu saliuesnludnuaed
[ [ a 1 1 U ay vy = . = a

Wuansananaunanesia wu nsldnsaianlaaniiv Anemone hepatiea. Fia1swInuLou
Wnlgendiu Warlwd wazansusznouiluea arsadadladguslunmstuing (edwe, 2542)

3

astunguifinuaudfiluasuoufoanduaudil Masldsuanuaulsegiaunniulagiu
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M13197 2.2 drulsenaumaeiivewandougn (ermtnuis 100 nSu)

drudsznoumaall wavlouan ©  wavidougn © wavaleuan ”
LUshu (nSu) 1.68 1.5 1.1
Aslulawnsn (nsu) 21.35 8.3 103
Tasiu (n3w) 0.47 0.49 0.40
waalden (fadnsu) 21 80 -
Woawada (Hadn3u) 7 10 -
wian @adnsu) 43.48 1.9 -
I e (V) 25 174 35
gy U1 @adnu) 50.65 9 57
iy 02 (@aandu) 3.66 184 -
Andiu U6 (Faaniu) 930.10 - -
i & @aaniu) 4.16 - 12
nsalvlan (aansv) 6.87 - -
lupzdu Hadniu) 0.72 - -
wnutu (n3y) 1.06 - -
nIATRIN (NN) 1.51 - -
nintllafia (n3w) - 0.8 -
nsaueamaia (nJ) - 13 -
wule (n3w) 2.03 1.4 1.1
o1 (nSw) 1.52 0.9 -
AuLdunsn-A1g (pH) 5.90 - -
ATy 7291 87.5 .
LATES - - a9

fan: V 2dud (2546)
-7 James (1983)
Y Mulberry Tree (2003)
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' '
a a v 3 =1

lnglangod wdlundndusianmaieaunn  wagndndaueiiasuonmsuenantidsisauii
Tunanlouaniunadn  Sallansemsiiigaamearuinisidfgdy  aslulansas
1 Wan Aenduduis wardenduduvn (213.50, 4.35, 0.51 waz 9.30 Jadnsusensy
UAIRU) (Vdud, 2546) BnedeilauidevatgatunlevinnisAneidenedtudiudsenau
maailunandey  daansdunisan 2.2 wandeuaiunsainluusinenaan  wiselidy
drunauvomaniueislndu o sumaihluudsgldundadaeisng q wu dilundaduieg
iaunTouny Unanlouwdudu hilnavseu Havilouwydy gnaunaviiou NaviouaULAs
(=] 3 = a ] [ v Y [
LUUBTLEDNLTY LATATITUYIRNNANLDY (ANY18 wazAny, 2550) LUAY WAdTaAIS5839
Tunisuilnanandouan  Teeiuslaalutsinasnnifuliazlignsidueissuie dmduna
wleudwTonandeundlianiusiaaludsunasnnagilnineinseduldenisula
(Mulberry Tree, 2003) mawﬁauﬁasswamlffJum%’ﬂmiiﬂlé’wmwﬁﬂ WANSANWN
AN5UTENOULAIBTAU ﬁﬁqm%Lﬂuaﬁé’hua%aSaizﬁwﬂuwamjauqﬂ HAENYY UagaIn
1 6 1 d‘ a 1 1 a A aa [ a
189U wun bidndeunindnanuvasing o Tulssmalneiivsunaaisimediveglud3unu
gv  wazanunsoldnamdeuduayulnslunssnwlsasne 9 Ieilueded  wansiowd
dlszneumaaiiiddy  waslinaeinieimsgs  anunsoldiduusslesinomeiiunis
Uilnanaznisulsgduasimundundndadilmdliogrmarnvatsuasladnisimseunanin
mansuaulnleeniiu Tuszavenamnssuiielfidudnautomsilaainsssueid annisiinm
LA A ’N W A a o 1 a ) ° v A vy
nuIdUsIamaulnloedy windu 384.07 faansusedns dvanunsatnluanmwiveliiainy
a Q‘ N~ 1 g Y v % I's I~ % ]
U3gns  wazanunsaldiludiunanludimaldiduty Tl wazwes Jusu waneunazly
anunsarhanlgusylevilneadl

1) waveuwis Thluayulnsdwsusnuladednau vrgeiila wasudlsalafinang

druNaanLAeINTIBINN (WU, 2546)

o
(3 IS 3 4 .

2) lunmisunuansusznaungurailiuess  Tgviddudanisiiudnnuwaduzisade

Bonu wazdnilmeaduziSadinidenvunnlasundunnduwadidadanvnung

(%
LYY

3) asafaailuess wasuwnuiuanlumion fqussudueulullusfieavente
oad lnsaunsatasiunisunsnszaiale

4) asafaeiituanyideslumion Tnaanarusulagesnguidudueuludlana
wazaseANsoulisane

5) puantRvesaniu fiafmldanlumiou fqvsiunsiguesdouuaiie
Pseudomonas syringae var. mori @wiliAsisalulndfugunlou ansviiaiannsann
Tulduselomile
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o v o/

UATNYIVBINUNAVLBU

A V= v 13 QAI 1 v & A 1 (% ' d‘

Meunledidnwdeiinisinuienanisugniugdednl wuitdunleuiesnaenly
9 (NuAUSAuNYIgY) HAHBUSNANYEIINABNUILLAY 20 U Lardltiaseeslianiing
iauisugnauisaniey 12 Ju dwudumiouiesnaenuengg (a1ANdduINAL) WUITMA
a ) Y sy a g ) = a o ) 1 = a
3alu dngen uadlduiaduian 8-12 Tu AenIusUUIY NaMeNUIY 42 Tu Nandeudusy
an waszildszugnafinavideusuanautianen 14 U nanisuluggazinmuninmaad
WNnIansieuuengg Havdewiy (FliinSear 50) uazHagn (@U9AmaHa) damnn

IS LY o LY < a ::4' ¢ a

MaNEA N i wazUszamdudawunzdmsu nmsiiuinenieusloaraanuniian (Inun
n30l, 2546)

nsfnwAunMIBNanteuaniainsnwmnslukasaUsewe  Tulssmelnglad

) | o ¢ Ao ¢ S e H da ¢ a < o v &
FeNuImandouaniugyId 60 TUSuanasiag  Usunaveudiazaulavianue
USunauansueulvleentiy uasUSunsansuoufioanduaud geninandeuaniugidedivy wae
Havalougn (Fleiviana) USunaanseing 9 dsnanigendinanieuing (Fiinseway 50)
(#@3uns, 2548) uananidmuimandougniugidedluy Tansuseneuiiueanavun a1suou

(25 a

Wnlwenfuviavan  asiaes@iiu  wazdvllansiueyyadase  LiuaWumusEEzANaNT
WNY  wavsleuan  (Fhdmisna)  wuansnquilivsinogean  (3,654.9747.59,
2,512.40+11.32, 1.81+1.00 lulAsnsumansy way 6.89+0.53 AUANGU) (ALY WATALLY,

2550) d@msulusnausemeladins@nweerdsenaunauaiivasnaniaus1ds Morus alba L)

'
a

navdauwns (Morus rubra L.) wagnavseun (Morusnigra L.) uantuusiiumimeiueen

Y
[

yosUsEmAns nuansUszneUTiuea waransinesTuiingdumusrezaugn Tneilly
Navsiousngaan (14.22 uay 2.76 Saanfuseniu mudiy) drunandeurniiluifuion
wniian (Fewaz 1.10) sesasndunavioudd (Fevay 0.95) uazravsiouuns (Fovay 0.85)
mudu dmunsaluiuiiwuinnlunavsiou Ae nsndluadn (Fevay 54.20) nsarduiidn
($owar 19.80) waznsalewadn (Govar 8.41) muddy vewdefiazansldimuntioglutag
15.90-20.40 pUIng USunmunsanavmnileglutasiosay 025-1.40 Aaadunsn-rg
(pH) fleglutiesevay 3.52-5.60 uwazUsunadanfiuaiiegludie 0.19-0.22 Tadnsuseniy
(Ercisli and Orhan, 2006)

dwsunisBeengnisiiusnenandeugniudiloslul Tnenisldased wudinsh
Winanslimmmnu uarlidsluunadeusnludalig (KMS) ansnsaifiuinunaneugnii

gaumniviedlmiiies 2 Ju widhdnisdiutiniaglasasiuiunisdiy KMS 500 ppm @1113n
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Wusnyinansisugnilgaumgiivieslauiu 90 4w uwin1sinusnwnamiousedslmnzdmsy

Y

[

mstwavleulundmdulag (@a¥hu, 2568) uenamntuseuiimaiuinynaiougn
fiugidedlyel Tunalwuriusefiduaansofuinuilugaumnivedlduiu 2 Yu dmvanioei
wangaslunsifuinymdeuiiodulssmiunaan  fo  nsifunavieugniunialwuviuse
e wannuludiiu (@ esmwadea) aunsaiulauiugs 14 Tu GRS, 2549)

nsthiemaneululdusslowiiuldinsfnmeganinens  dlsenumsing
MnUsamaiuanseataeaueulnleedulunaviouan ieldiludnaue s vwa
mioufiatalafuiinamsuoulnlesiiuviiiy 384.07 fadniuredns wdniliudavdlagld
Macro porous resin aantuiluvilddudy udrananseldidudnanemisls (Xueming et
al, 2008) dmsuluvszwdlveiinsfinvdmaniougniudiBedniluadndudnanens
Frowtuty Tasnuinaunsondninanensld 3 suuuy Ao Fuidudu Awaadouthma
wazdnsiihunmshuiswuuddonuds  Anamisudildvnguuuuanansaldusedluemsle
Aeunneiin wu 1o dwaldl wagemnsviu iudy uenanidsdinisnwmsdinanion
lwdsgUiBundndasiang q Taewudwavsiowiny Gsiidesay 50) Suimangdmiundn
Hunondountdy  dwnssdegneunandounuiannsaldliieuadounn  Guasiaa)
waznavidlowiy @lmdesar 50) dwsunisudnnaniousuwisuuudidonuds wuiwa
miowviny @ihsddesay 50) mzauiaalunsiiiiuingiv aunmvssHavsousuwid
I¢ndenaniouan uifiasUssneufiueatonun msueulnleeiiuioun aranosdiu uay
sullansiueuyadase  gendiwamleuaauszanay  5-10  wiwih (12,110.50460.96,
6,090.91465.9, 7.61+1.00 lulAasnsusansy way 11.90+1.40 a1ua1nu) (@NU18 wavAe,
2550)

\nsespnnHavsioulundnsusidnulanilslafinisAnwegnaunsvats Taswui

%

Veuaniugy3sud 60 anunsairlundalnindamnmd nsusulsnunsansualutdmdn

=

o—

Uu 3.5 nfuredng waznslddasdinamnanisAateug Fermivin 7013 ililalaifiaanng

=2

ign Teaildiuns Slemueadesar 13.27 lagUsuing USuansaviavuawiniu 5.47 nfy

1 a {

feans AAuiunsa-Ans Wi 3.76 Usunamedefiazaneldianuawiiiu 7.77 sy
3n% USunuansueufeanduauduiniuiosas 89.2 (g5uws, 2548) drunsudalianntea
Mﬂiauﬁﬂhusz’mﬁﬂL‘ﬁlusﬁuiﬂﬂﬂﬁizLMSLLUU@QJQJﬂmﬂ warnsudidanudawuundn
wauans wuithdranlousta 2 9ile fUSuawMueaindy 101 way 180 fadnsusedns
lovusawiiufesas 11.0 uay 10.4 TneUSuns Usinameudefiavansldamunwiiy 9
LaE 8 9IANUSNY USinauhmnasidwindu 0.32 way 0.1 n$a de 100 Hadans Usuanse
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WaruawintU 0.48 way 0.56 nfuste 100 fadans Usuiaansusyneuiiueawiniu 5,497 uay
3,295 fadnsuseans wazdsunsansueulnleenduwindu 747 waz 299 Taansunedns
awddy  (mednua,  2547)  uenandlginswamnnsnannaeunslne3Teuuauy
Tuwm Tnedmdonarsiineliialriluiwaniouatn 3 Uszian fio Methocel, Glyceryl
monostearate (GMS), uag Carboxy methyl cellulose (CMC) wuanslvansazane
Methocel TuuSinaderas 45 Tnetwinuosinamiouadn LﬂuU%mwmﬁquwamﬁqﬂ ih
ravlouflaiiEunad (L = 13.74, a* = 39.82, b* = 21.20) USinavesudafiazansldvanun
Wiy 14 osmudnd aeudunsa-maindu 4.4 Junansevievuawiiudesar 0.12
Taethidn wasUSunameulvleenfuwindu 152.29 fadndusedns (§rassd wazdeonnsal,

2548)
waulnlaefiu

woulvleenfiu (anthocyanin) ilussaingidneglunguuesansuszneumianliuoss
(flavonoid compound) wulunanlil uasnavesiivsiiamig 9 azateeglu vacuolar sap ved
fiv Faduensuszneusmaninalales annsaazanetildudliazanely non - hydroxy
sovent azdiauasiimfunsa-se (pH) M wasiidihs wiethduiifondunans wiedy
A9 (AN, 2529) ﬁqm‘[mm%ﬁwwmﬁLﬂuWawﬁaLﬁauLLﬂmlaaau (flavylium cation) %30
\N@9v83 2-phenylbenzopry lium Usznaumiemsuau 15 aznou JaL389MluTzuy 3 29
Sun31 A B uag C lnens A uag B 1uisvesuudusenin tawludla (phenyl ring) d@ag C
Wuwarlau (lactone ring) wazwoulnlwendudulnalales (glycoside) vnauwoulnlasniiu
(anthocyanidin) (Mazza et al., 2004) annTiATIzAlagAlAlATIlNASIALUUNTEANY
wuin lusavsioufiueulyleefiuvila cyanidin 3 - glucoside (@ws, 2540) soglusulnale
a6t (glycoside) tAnnauilduaylnalaulaglycone) de loendifiu (cyanidin) fivylansond
(hydroxy, -OH) imzagilamiuia A assiuvisil 5 waz 7 dau 29 B 1gf (-OH) 1mzsumie
7 3 uaz 4 Imaﬁ‘fﬂmaﬂqiﬂa (slucose) L%'amiaasgjﬁ C - 3 %4 aefiFunasiag (Ml 2.2) uag

Tnevluueulnleenduiduandieiu iinnnlassasavesdruiumylensendiag B
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Anthocyanidin R, R, Rs OH, glycosyl

Rs OH, glycosyl
Pelargonidin H H
Cyaniding OH H
Peonidin OCH,4 H
Delphinidin OH OH
Malvidin OCH; OCH;
Petunidin OCH; OH

A9 2.2 geslassaiveneulnlyeniy

1'7i3n : Mazza et al., 2004

desnluanavewmeulsleeniudidulnalaled  Usenousedmdiumauas
drufidueslnalau (aclycone) Bunin woulsleeiliu (anthocyanidin) weneanainduls
Tngmslelasladiensa ludadefivarlinveylnalrufiegluzudasy awwuiamedoslugy
lnalaled #o sufuihmadueamesvithmaiiduesduszneululianavosueonlsls
gfludard 1, 2 vide 3 Tuanadlduanduldis lilu- 1n uaglnsuenmlsd Tuianavesihoma
dnilvgazimziumlensendaluluianavesnoulsleendau lneinfiseeamesihadui
suma 3 dudulelnalaledazinedidumis 3 uazs we 3 uaz7 vewvylensenda (5en
Sauuwi. 2505) Tuianavesihmassimeegiuduesueulslesiiu Watlw (flavone)

Wanliuea (flavonol) #sananinluu (flavanones) sanuszlnalalan

Uadeniinasodiaznunfnivaaulslaeiiu

[
= 1

dueaweulnleeniiu uazAnuAwivesdastusdivdadevatsysens wu A1 AN

Junsn-ane (pH) gaumgll uaz lansuavlessuunswila (Zoecklein et al., 1995) Famlasla
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ponled  uaveilvdvewalsl  Adusulvlveriudusainginsassidesanly
Falwddeou ssiluiuiuueulnlueniiu Jesindueyiusialml (R-503H) nglifid way
g1ainnNsTINfiusEnindlanaveseulnleeiy - viseiniuseiuluanavesasdunse
i wu Wiy wiudu vanhuesd waglnduwaalsduisie Aaduasusznoudedion
feteldveswoulnleenfiuferudy uazawinanntu (una, 2545) nslivsslevivomey
Tnlogndu 1wy grawnssunalinselesumdien uarlniuns Svdvesueulnlesiiuasas
anmilddfeutuliifuiersy 3 wasnmhlullusdesusififamdunsaaslidamu
paonaulfiluinanemnsld  ud, 2534) uazueulnleenfuliguanifiduansiueuya
ddsy

woulsleenfiudlimnuasiitosluanisuindausie Wy pH aumil AuTNLaS

Tane oulwy oonau Iendud Uwna daweslaeanlen Wudu (Mazza and Minitiati,

a

1993) uoulslwnfudluguves flavylium cation sazilnunsiifignil pH 1.0-2.4 (Cablita
and others. 2002) Msltwoulslogdudluemmsnuieulslvedudivdsunlassziuals
feiflosnnnavesnsvndiaanseuveshinanawoulslosdud Foild flavylium nuclei
veswaulsleendudiemuiedhronaifaufisennn nmswdsunaweslassairedamaril
LﬁﬂmiLUSauLLﬂaﬂ%'8ﬁU%@Qﬁﬂ’liLUgauLLUmﬁmﬁ]Lﬁﬂﬁ]’lﬂﬂﬂﬂz&hﬂ"] TunseuIunsudssy

warlunisinusnuwdndusionnsuug fetadeniinanenisiudsunlaseswoulslveniud i

(%
(Y v v 6

aall Byaynsend Inlnenadaiun, 2543)
AR TN SA-LUa (pH)
woulslogntiudiinuantfvesnisuenA pH (pH indicator) ag19AsNg o lag

woulsleeduaziavunasdlunua pH singe dwanslilu as19n 2.3

AT 2.3 ANENRUSTENIN pH Audvesioulsleeniiy

pH a
1.0 N
4.0 Piduuag
6.0 3179
8.0 ity
12.0 W7
13.0 Wda9

1A39n15 “MasfinwSeufisulsinaraliuesd wagnsduesnTinduveinansiauaeiugsne” 25



NMSUATULUADITZAUERINAT pH WA AIAUIINTONE (color intensity) §auUs
U 1 ¥ 1 A a = ¥ d‘ d‘ 1 <
AuaNen pH e nanfeweulsleenfiudlinuduuiniiani pH 1.0 Lavanadat1aIns,
WeA1 pH 1ingWu mavdsuuvasdvesoulsloeniudluinunauasuueaisn pH 2.8 14

v A "W ] Ao = d' - a X =

wAsduLile pH anaiiu 1 iiAuaziidunsaniasdazanadiseyiile pH liuTuaUe 13 92
QA A a ! ! A .
Judwmdes (afinn quana1. 2544) dA1AIe1IveInIIAANaULANEIEn  (maximum
absorption wavelength, Amax) wUsdunIuA1 pH Aewuiu nanfie AIANeTIAGLEIER
wiiiuTuiilon pH gedu

Useguan

HaINUsEaUINUNTlialagianie di uag trivalent metal ion agviliFiAINen?
AAUGIEATDINITAANAULANTNTY L TBRNINNISAA  blueing  vesdkaza1AANNTS
anaznauYeddls aeudsnismvanidediliveulsluerdudiinnisdudaiuman mannauuas

Ay a o ¢ + = = = v ca 1 &

NOwWAd  NIRRIUTIINAndusie v sadlunsesleshiynmsinisindeusiewannesilidu
PUATILADINNNYNDU

AIIUTOULALUAITIN

woulsleenfiudlinaantalunsamudeniuioulds lnsdnnuamuieanadmngy
nszvIunsanifedldanudeugaunedn Wy wen nsAnTg waznsanxalinsedes
n1sfin acylation Auluanathsavibidauaudilunisnuenuiousasialdfiiuay A
winlaannseravaune NUsenaulume mono way di-acylated anthocyanins 39vinleil
AavanURluNITAImUAaANITOULALKAIALIN wagnansuyniiveulsluenfiudazlil
nanszyulag Wedulanuuasaing

Rl

asazarswoulslyeiudivuilinlunisifiaujiseeendnduuiniy  Weliu3unm
PaNTlAueYMY  BnT1veINTSIineaNTntuariusdiuAl pH vesansara1evisonansiue
913 AvetAn)ll warAvesANtNTUYaeulslaeliud wikewlsleludidnsinis
sondladiranilongluaninvaman

daleslnoanlyn

A o laaa 9 a ¢ Y oa o Al ias a £ aaa da X &

dipvhuisenduseulsloenfiudaslandndunnlufidnery YAseriinuduy
Ufiseviansadeunauls  nsliauseunnnandasiniueulsleeduduasdamasle

s 1Y o o9 vy o I3 44 a caax o
sanlenegmeuiuibifedamesineanlungnuenesnuimfsweulsloeniudniidaas

[
v U =

sgulannszuIunsrunaliniidalndeg ievinalidounsanas Aanuislinasly
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dalosleanladiialddmsunsinuinugunnvendnduniduoulsloendud  winsld
N | = IS 1

aIduaIulIenauTed benzoate Lag sorbate WNUBIIENAMUUUIZAULINAIN

lUsiu

woulslwenfiudiianalaainequanunsayiujisendulusiu  wu wandu (gelatin)
a [ = o Y a ' I jaaa 25 v o a a A av o9
Aadupsneuvseriiiinaugy wilfisendlaeuninifinainans Yssnevvlinduilaly
< 14 ! = a I a Y a 1 O & A
Wind louA ansuseneuiludn unnndninaindivesweulsleentiudios Nellilosainuaulsle
nfudnaNUTanswiiuagyiuJisentuaaiiula

toulel

navnsldieuledussinlunisusulgsnunmiinalioaduamglimianisanas

vasuaulslaenfudlaaiiuinnu clucosidase Lanaiilainseataulyiurein
AaantAN s duasdueyyadaszvauaulsloeniiu

navdouliladneglunguues berry fruit uidneglunquuenasiu collective fruit
e inflorescent) @adunaitinnanndenenidesifuunaieafuudannsanoaiiu
Juwaidn 9 weniusguuunuuestona Naan o wanienaRnanmsnaunasselifes
rannasils Saduldnamin parthenocarpic fruit we seedless fruit FaAnw1nN1571Ad
msmaazaaqLﬂﬁiﬂ/‘]’ﬂﬁ%’ﬂﬂﬁ%@@d@lﬂLﬁul,mﬁauﬁ’umaﬁﬁmmauLﬂamszzmi (A&,

[

2546) ualingu berry fruit @wlngfidduasnudainnnsningid vdussdvszney

melulasssningaulvalumalingy berry fruit azliduns diusuiviing Jaend
woulsloendwi  FaflauandAinlavundwaisUsznmstenuandinddgio  maduas
AUBULADATY
woulslwnfudumsuszneulunguianlussdfiannsadesiunsifnoondinduly
$ume iflesanlulassaiiinglensendadiunmnn weulslsedubumssiqnivnuludiv
asulwsvaneviia Wy bilberry (Vaccinium myrtillus) Ssgrlfundousiamssad 12 Tuns
Prelivszdndounund Tusewivasnsulanadsdl 2 midmnauinamuauasondaly

[y

sgavgramnssuld  woulsleenfiuanusadeuiuinmalavaisluanawuiuiueaslsing

'
o w

Juansnquédrdgyilbiduniis  aanmsfneinudr  weulsleeniufianuaunsalunisin
pandnduganian wazlidiuunnigaluussaaisussnaunanliuess Fudlussinn 150
yia 9nUszanas 4,000 vl Awuld annsmedeuatansalunstesiunsiin

sandnduremalinsenaiuesivatsaeiiug wuin blackberries HAuaunsalunisinu
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pondindugeninnaldidug uwvegluadddiferiuAiviing  weulslueduunnssiuyihla
fignsnedinmuansnafudie (Wang and Jiao.  2000)

@mas Glycosides waz acylglycosides vaauaulsloeniudilunquardnlunsdu
asueyyadaseiiAnldnusssund Bae uay Suh (2006) Wudnddliduasdiainu &
wuldmlununalsd @n wagaenlsl 1Wuasnguilindazauegluwilea (vacuole) wes
dodenonuagluvesiiy  uiinnutuiimsnguiliaudmeenaatuguamianndy
v wu Tquissefueyyadasy anUuueeladinesen wazdefunInAnuzi3s nunms @

4

wslnsu (2545 dwndueulslegnfuddnnuasnduindiiveany asnguiiigrsdueuya

q

' ¥
Yaaa o a A

faszuaztiovzanannuidevenyad Annaliiffidniudiag uazduas oun ngnandng
fudiihg vuuzmiien wmuas gnuh tnuesdnia midead dues fad vesun
AONDYTU Yrinu-munes ien VOUMINNANI ULWBNI WINUAY BJULASHIN wouida
LAT GNINFU GRIAA VALUDS L83 WUANLUDS S1alUe anselus’ “av

woulsloendu wazeyiuswuldmlvluems weulslveniulunevarudunsanunsn
Uosuanignisiinoendiaty  (Igarashi, 2000) lezjmﬁﬁué?faL‘f]uéhasmmﬂumjuLLauT,ﬁlszj
gndunuinnlunalsl  Jagtuininermansymduuliveassivdnineass  wudaise
dostumsiAneendiadulusameld  (Tsuda, 2000)  lasazdesiuieviuiwadainnisiia
pondiatuvesansiiiusunae uenaniannsnesuaunniuduudilsendau
ansadiunmsineendwdulauinnitbendiugds 4w (Rice-Evans, 1995) uaulsly
rdudnulieanilidio  pelargonidin wudrannsadestunsaesiluvialslstuanufizen
sondintuvealasendlulasila (Tsuda, 2000) luug@eselleuiusvesueulsloeniivet
¥iln  delphinidin ~ #38n31  nasunin - axluduiueuyadassiidusunselusiame
(Noda, 2000)  nNsAnwInUIkeulsleeniuliBvsnaliuindegun eyl
fhogratunmaudilumsiiunsdniay anuanansalumsdlesiuiadudenivguasidu
Fomlesannisvhateanannizsine  annsaansziutmalunszualafindaduaivgves
lsauvnule

fimsfnwueulsleenfiudlunivaansiluaimsguan (Functional food) uazlnwu
ndy (Nutraceutical) funnn o q 4 fnsyesenuslevivoeulsloeniuddmui
aunsoanifafoidesionisinlsailalalsund Drelunmsuesiusayannsadosiulsaugise
16 Jeafunsnanesiug Jostunssniau Genuand@singn Beninuandinsduaséu
auuadsy (Elisia and others. 2006 ; Wang and others. 1997) fims@nwinuinlaseasne

catechol AsaUuMUa B ring funsl Hydroxyl group 2 NANATIAUULG 3', 4' Uagnslred
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glucose  Mnduagyhlineulsloendiiull  auaudfduasiueuyadaseld (Wang and

others. 1997) waulslwenfudiininnuntesinuasnaliannnisvinatevesss@oansiiiletan

'
'3 S v a o

fgvsiueuyadase nsIdenuansnguueulsleedudiignsiuesntinduvasluiueas

' 1%
YA o =)

woa uazdwiliwadyntimasnideniimuseuiiy msfudnuasnalindfuifiuuasdiieds
asavzasnsialsaludiuvgaduluraenidenuazlsavaendeniiloudesiale

f51e0ud lwerluiu-3-nglaleduazmailnlufiu-3-nglalennseaunisinauvesdu
wululvesvadnimasndon aivaslusdneenledfsdinatuwadynimasndon Haelu
nsmvanAnududen  wazleaiunsvzaemsendiu  wasudsivemasndoniilald
(Gerasopoulos and Stavorulakis, 1997) PranANUEONTBNTAE FIandnIdeaInis
Anlsalauasdudengaduluaues (Fhonsdudslilidensuduiudon) (Bae and Suh.
2006) wrapATAdRNvRINN YenaInTudSmuteulsleeiud Shesududodiala
Tuszuumadiuemns  aduavnvesdlsaviesiiuazemnsidufiving  funsiinesnd
wiuveslusiuneatiea (Wang and Jiao. 2000) wazdwhlwadynimasndeniinusen

fu  wzasmainlsaluiugadulunasnidonuazlsanaendanilandsiald  (Tsai and

others. 2002)

d1susznaulnanluana (polyphenolic compound)

asUszneauiiluan (phenolic compounds) LHuasngulvgiinannsdauasisi
Plaofiy  dnduansyponiwilaeiiluluoandnsfit  ssUszneviluanilassadned
wannvaeuazdn bl 3 nau laun arslunguiailauesd (flavonoids) wnudiu (tannins)
waznsnludn (phenolic acids) (A wdl 2.3) (Jussi-Pekka, 2001) wazanunsadwunldni
Frnupsusuduandlunnssfl 2.4 (Vattern and others. 2005)

1. Wanlauess (lavonoids)

Wahussmduansndnsadisssumivssnmmilsinuldrmiluluemsineaneg

agneBelufiv wu dn wasnalyl Walwesdiduasuseneuiiilassadandn alauAss
Tuediea dgnsluena Ao Cps (CoCoCy) tnainaumiu A uaz B (phenyl ring) Juriuln
wsuvidelnlsu (O mawdsuuvadlasainei ring C sihlsiiinsusnvialaussdeenifungy
199 WwaznsiAn hydroxylation 7 ring A uaz B vhliiAneyiusvesmlaliuesduiln
ﬁ?u‘] (Pietta, 2000) Iﬂiaﬁ%’l\i%aﬁﬁ/\laﬂiuaBﬁﬁ"ﬂﬂﬁwﬂﬁm 3-deoxyflavonoids (flavones,

flavanones, isoflavones wag neoflavones) wag  3-hydroxyflavonoids (flavonols,
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anthocynins, flavan-3,4-diols wag flavan-3-ols) \Jusu Imaa%ﬁqLLazmgﬁﬁuﬁLmnmq
fuilifigrsmednmiluandnaiugne (Parmar and Ghosh, 1980)

walhuseddunguansusenauilluan wuinnludn uassalsd Tasianizegnad
walifnsznaiueds  daliuasesngristanmmdniifigadlidiundriianuannsalunsiu
auyadasvas ddwdAglumsdigissguninvesiyed eglunisdesiuanvesniady
Tug1anNy Uagtiesn¥IANANAATENINANToRNBUAUTILALAIAUERNTUALS (Adom and
Liu, 2002; Wolfe et al., 2003) 1uﬂiajﬁﬁ"mmﬂLﬁmmmlm'amqamﬂﬂwsﬁmﬁaaﬂ%mwﬁmﬂ
Fuld azvilAAnannzeandindu Wunaliduenaslusiiugnvihans dailuganmides
guiensiinlsanuAnUNAVeEY W Tsauwss Wudu (Farombi, 2004; Llopiz, 2004
Moller and Loft, 2004; Sander, 2004) mséﬁuaquﬂa5f:mﬁﬁﬂﬁzﬁm%quﬂumiﬁﬁm
oyyadasy wazlugensuiurly Ae lamiiud (tocopherol) n3eilludn (phenolic acid)
wazralauess  (flavonoids)  atisanaudssiemsiinlsanaenidenidosiilafiudy
(coronary heart disease; CHD) (Bazzano et al., 2003; Polidori, 2003; Srinath et al.,
2004) wlawuRaun® (Voko, 2003) anisvadlsannelam (Fabricius et al., 2003; Liu,
2004) wazuziSavianee) ¥ia lown uziSaues upisesald (Duncan, 2004; Hakimuddin et
al., 2004; Khanzode, 2004; Larsson et al., 2004) wazuzLSaanld (Frydoonfar et al.,
2003; McCullough, 2003) 1Judiu

Tusssuwanalauesdinnnin 4,000 vin dnlngeglusundelales el
mylensendavilmnionnndt luluanavesialussdagdvegiuimaluanaies 1wy

Y

nalaa (glucose) wsulua (rhamnose) ors1Ulua (arabinose) waglelaa (xylose)

A 2.3 Tpssadramnaaiivesialiuea (kaempferol, R1=H, R2=H; quercetin,

R1=0H, R2=H; myricetin, R1=0H, R2=0H)
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M5 2.4 ansluannguuaniwuluneg

ERVAV R HTRILEL M laseasenan nauansilugdn
6 Ce Simple phenols, Benzoquinones
7 CeCy Phenolic acids
8 Ce G Acetophenones, Tyrosine derivatives, Phenylacetic acids
9 Ce-Cs Hydroxycinnamic acids, Phenylpropenes, Coumarins

I[socoumarins, Chromones

10 CeCy Naphthoguinones
13 Ce-C-Co Xanthones
14 Ce-CrCy Stilbenes, Anthraquinones
15 CeCs-Cy Flavonoids, Isoflavonoids
18 (CeCy), Lignans
30 (CeC5-Cy)sy Biflavonoids
(CeCy), Lignins
N (Coh Catechol
(CeC5Cos Flavolans (Condensed Tannins)

Wahesrusariinazunneeiuf oxidation state 98¢ 3-carbon chain
Weswnnisiunlansenda (OH) uwaslnusu Walweedenauvnlunqueesmudnua

(%

lassaselidu 12 ngu Asil

1.1 salaud (flavones) é’hasi'mmﬂuﬂfjmﬁ WU chrysin, apegenin
ey lutiolin

1.2 lolwnatlaud (isoflavones) faegnsanslunguil 1wy genistin

1.3 yialauead (flavonols) regnsanslunduil wu quercetin,
kaempferol Wag myricetin

1.4 viarluud (flavanones) fegnsaslunguil 1wy hesperetin,
butin La¥ naringenin

1.5 Wamluuead (flavanonols) fegnsanslunguil 1w taxifolin

1.6 dlanoulsloeiud (leucoanthocyanins)

1.7 woulslweniiu (anthocyanins) fegnsanslunguil 1wy cyanidin

1.8 AN9T3ud (catechins)
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OH

a) flavonoids OH
OH
OH (0]
OH
OH (0]
Quercetin
b) tannins

condensed tannin

OH
OH
(0) OH
OH
OH
O
(0]
HO OH HO OH 0
HO OH
OH O

ellagitannin
gallotannin

) phenolic acids

OH o)
OH OH HO

OH OH

gallic acid caffeic acid
e 2.4 a1 luanv AR89 fnwuluite a) flavonoids, b) tannins, ¢) phenolic acids

1A39n15 “MasfinwSeufisulsinaraliuesd wagnsduesnTinduveinansiauaeiugsne” 32



OH O

OH
OH OH
o)
@)

OH
OH @)

myricetin kaempferol fisetin

RS

OH
0 OH

OH

(-)epicatechin apigenin

A 2.5 gestassaieveananliuesd Lok myricetin, kaempferol, fisetin, rutin,

quercetin, (-)epicatechin ag apigenin

1.9 ¥1alaud (chalcones)
1.10 lalglasyalaud (dihydrochalcones)
1.11 eelsud (aurones)
1.12 uwulnud (xanthones)
wWanlouead (kaempferol, quercetin uay myricetin) fldmdsgou azaneih
Weon Ussanar 80%  wulunen warluvesiivdugs uenanddmulumaliiviluvdonals
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o¥

= o

Tunszgawess  wanhueaddwlvafinuazeglusundelaled  Aesfnazfithniadimn
D-glucose, D-galactose, L-rhamnose, L-arabinose, D-xylose ia¢ D-glucuronic acid U
oguazsinduiidumis 3,5 way 7 ndelalediinnuly cell sap vesmenls Tulifuazwals!
Tnemuagluzu soluble pigments dwiuminezndelausinuludold (Herrmann, 1988)

Ay (catechin)  nuluwndendsdl 4 e dund  epicatechin (EQ), (-
epicatechin-3-gallate (ECQG), (-)-epigallcatechin-3-gallate (EGCG) (Mendoza-Wilson and
Glossman-Mitnik, 2006) @13 EGCG LHuansimiluyiasnniigalusidefeUszana 40
Wedidud vesansindiludarionun  drwmidundanniunssuiunsvinudaassmon
miidudunsdazgnivdsudy flavin wag thearubiging Saduasindimosvesansingdl
Tdawindsnsdinaantfvesnadulndiludaes thitldnlusdisinsznaude
catechins 3-10 Woslud theaflavins 3-6 LUesi¥usm wag thearubigin 12-18 Wosidud
anstludnimanimumnnddalunisdesiuasieunss LaZANUNTNANITUG
(antimutagenic) Tnenderfuiansdndnymaniiinssuiunseengrsddey 2 nsvuiums fo
aamwﬁmLsi’hlﬂﬂszéjumsv‘hmusuamul%ﬁ cytochrome P-450 &3 cytochrome P-450

Wueulwidrdgylunisivdsuulasarsulanvasundnlulussneldnareduaisiunvelan

A
A o o

M lignidnesnainiamelanedy aisisiganseduieuled cytochrome  P-450
F9eanUSuaansnoNsis LLazmiﬁamiﬂmaﬁuﬁ:ﬁmaLLUaﬂUaauLSﬁwaji'NmsJ NIDUNY
ensianwsvelanonaluasnouziwazaisie naneiudlume lldaswanilune
Audsmesagaaiodizde 1 Wewinansinludniinuaudisueyyadaseiiiuan
Usinaeyyadasglusninie Jadeineyyadassmaridudinsddglunisneuzisaguiu
BNANSATY  ((D-epicatechin)  Juansuszneungumnanvesailiuesainulum
a = ¥ a wa 1 a
Wy MnnsAnwluieslfufinises  Jeremy wavAniz (2001) WUIIEIN1IAEANISLAN
panfaty  Jesduwadainmslasudunsie  uenainldslisnsaudninfignsadieiuiu
a a I3 d'al [ a [ Y] v [
dugau Wuasnanuanunsatunisdesiuesntinduvasluiulan warlesiunisazauves
< A v v ' a )
SRR UTE eIl UNNTANNMEWASNTBUININLSAWINIL  BIERLNSVAIYe9TDSIUY
fudu nsenunuhanansadudieuleduearinesluea dwuisanunsatesiunisedey
wazaagumsiulawmsndeaslivilviseauinaaludeniuay
laSwhiu  (myricetin)  WDuansngunaliuvesd  uane199n AedfuLiietaens

Weansniinsfunylensendafisumus 5-OH Juasiifignsly msdun1siasyues

wanaAdlglunyedlavangsin anunsadugueuleyl Ol-glucosidase wag glyoxalase u
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[

gadlanuazdudueulesl xanthine oxidase Wag Pl3-Kinase (ICs, = 1.8 UM) Tuuuda oon
vsTmfumedfuuasandu-unaanlunisdudanisgadunglea  (Pablo and  others,
2005) Tnglugfudaeulest protein-tyrosine kinase Fsfiqvisadnusesluudugau luFwiuny
il ity fnuazwalsd wu Tuusdewme (Tokusoslu and others. 2005)

uwaesea (kaempferol) uanslunquuailauesd 91ns1saunuIuaueses
yilsdn inpaomdnhdfisdy  uenanidsfinuaudilumgaduidoanslilonn wasl
oseaudaviidunidndes Wumsanhussdviavisinumnluumassssud wu ueuida
WIneu NIzIIvN Wadw ’eNiu Taulmg wag  gingko biloba (Mary-Jean and Isadore. 2004)
uzllawnd  (Tokusoglu and others. 2005) %1 (Cao and others. 1997) Judu uasL
osoadgvdmetanmlumsiusendinduge tetosiumad lufu wasfeouweandunse
voamaifnoondindy Jesfunnendudulafiounmunidedarudavgutiosas lnesudans
1NARDNBLATULDY LDL (low density lipoprotein) warnsiinduden annsFnwdudy
wErumlaseafiu chemopreventive agent annsadiudasaduzdsld anmsanenly
WosUURANT3 wuansaduss monocyte chemoattractant protein (MCP-1) Fa MCP-
1 Junumlumsiinniendaduladinuamuvselanudandguiosnt wANNBToaLAZAD

| [y

FRunuindufisersauiulunsannisugnsveusaauess Jnstivaless 2 wial

Fmuazligvsfninloinesviabe)
sAu (rutin) - Wunanlwesdndelaleaiiduaszitulaefivtugs dWeviedosiu

v a

Sedgansliletanuaylsnrneg (Gaberscik and others. 2002; Rozema and others. 2002)

)}

a = = a i (3 (% (3 ¥ aa
AL DUV I'L!ﬁiill‘lﬂG]WU@%JJIUEU‘U@GW@’]I’JUE]EJ@ naglalen Usynaumemiadfulay

€

wnalaugaaislsinguiimazilua siunuluemns ey Wy dn uasnalivatevile
wiasnuanigafe  buckwheat wenanidmulumady  Tudl  (non) w16 When

a a L%

weula sAunaautalunisduesndiatugs  (Holasova and others. 2001; Krkoskova

Y
[

and Mrazova, 2005; Park and others. 2000) awnsaduiulessuvetlany Wy wan
Fefuazan Fenton reaction (hliAneyyadasy) shussdnvsAtudiengiulmiug shu
Huanslaluessiidanudfysionils fosmnanunsatelidudonlosudusdueud
Fuunaringiieidonsendne INMTANYINEUUTTINFAUANTONILNEABINITUINYDS
dudend  Fadudyaasudureinisifslsafoatududondt  disanauiuladin
(Abeywardena and Head. 2001) uaztisanaidssenisinnzniadulainunim

wazdlanudaveutasas 3nnsAnwludninaass wuigAvausadesiuuazinwnisiin
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agdniay  uwazdsannsadosiulseunds  Uestumsaravluiuiiionthwomassdon
umannsinoendnduves LOL (low density lipoprotein)

mdAu (quercetin) iuasrlatluesdifinniign Tasiadasznauseaumy
Wudu 3 99 wasiinylensenda 5 vy mdedRulusssuvinuluguvesesndelau (lu
Tnssedailnanataduey)  sumenysdannsngadunediudinssualadisldifios
Gntiawiiy mediunuinnluommsiag U Wy wetida w1 Wvew 1ndn walinszga
wedd nevidiaen fnegiuaznvad medfuinadeguaimueayudinning Wy 9
Usuussssuunguiouladin anamzidosenaifiauese funmzdniauuazeniuinngg
Z]‘i/lé‘l/lN%’Jﬂ?WVlg\‘mm@‘ﬁlﬁ@ﬁ]’]ﬂﬂ’]iﬁ’mﬂ"ﬁlﬁ@@E)ﬂ%m%uﬁﬁ@éﬁjﬂ%@ﬁ ABEAY laun1sduiu
ouyadasziiasiudunsnedewad Jestumsiinufiseoteendinduves LDL (low density
lipoprotein) nsunmednavtesmediutuiaannistudaouluilanondiiua
(lipoxygenase) @slivililsunlafiad  (basophils) wan Bamiflu  (histamine) alsign
Udewoanin vildenline 9nnsdnwinuinauiiusediladaduunasniediugs 1Ju
Usgdnazthsuiuussmevihnuvesen  uavannngidesienisifalsalussuumadumela
(satiauaglsanasnausniau) Arai (2000) Anwimslasunanliuead warliuduazlelum
ahudanensvemderndiu  uasAnvmnuduiugseninnmsldfumedfuaza
Wuduves LDL (low density lipoprotein) it ndjanduuldiunaluossinde 17
fiadn3u lelavlaludieds 47 fiadn3u medAulu walueedilisumnilan sesasun
founuinesea  lasdauannanhussdldannsulsenuivenluvasiilelawaludld
NMTulsEIIUYY  (tofu) Wanlr-wesAtauduiusLuUaIuMaiU LDL 99NN
93 Vincent de Boer uag Ashwin (2005) fgfunisnszane modiuluiededninanos

(Myuazvy) WUl seRuaediu  wazniswenluladaediuluilelevemyusiiulend

=

seiumediugeiian Tuvasdl medavluvynuiidunarlageiign Mouat uazamy (2005)
AnvwaresmdRuiowaauyisswiln SWA80 Human Colon Carcinoma Cells 21nAns@nwn
WU MeTRuIzannIskanieonuaslUsiu 3 wla laun  type Il cytoskeletal 8, LAsIAU
(keratin) &z NADH dehydrogenase Fe-S protein 3 uwazifiuniswanseanveslusiy
annexin daduaiessdin metfufianauiilumsiudmeadomnlusiuriaillueed

Unfveiiganineaduzise
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2. nsaludn (phenolic acids)
2.1 nsalansendiuuledn (hydroxybenzoic acids)

nsalensendiuuledn (hydroxybenzoic acids) flassadalaeiiluie C-C,
Huouitusuesnsaiuuledn  (nmil 26)  anuulsiuveddasiaisvesnsaiituegtunig
WnURAsen  hydroxylations  wag  methylations  vanawmueslsuifn
phydroxybenzoic, vanillic, syringic Wag protocatechuic acid %ﬂiUﬁ’iﬁmmawuagﬂugﬂﬁ
fufuthmandensndun3d  uwevaraueguinamiluvadvesivludndidont  “Gniu’
Fegansalansendiuuledn wu nsnendledn (2-hydroxybenzoate) waznsawnadn ad
vflonsenda 3 wyjegluluana Fefldiusalunisaiie  hydrolysable gallotannins
(Herrmann, 1989) vlwle  hexahydroxydiphenic acid  wag dilactone, ellagic acid
Fuduanswaluladunafiiivadisty Tneuniuds ellagic acd wulu  ellagitannins 1@y

a3 Ues diphenic acid (Haslam, 1996)

OH Q
O OH
R; R,
WeSgtt
COOH OH @)
@)
a) b)

Al 2.6 laseaiaves () hydroxybenzoic acids lgin p-hydroxybenzoic acid,

R1=H, R2=H ; gallic acid, R1=0H, R2=OH u&a¥ (b) ellagic acid

OH \

Ry

COOH

i 2.7 lassasemaeiivesnsalensend@uuidn 3 wia laun p-coumaric acid,

R1=H; caffeic acid, R1=0H; ferulic acid, R1=0CH,
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2.2 nialgnsen@@uunin (hydroxycinnamic acids)
nsansalensendduundn 4 i fvwuannluwald l6wd p-cournaric,
caffeic, ferulic uay sinapic acids (@it 2.7)  nsanselensend@uuniin lneunftiniy
Nnvane UYL WU Asannisgesveaelusl  vidensidentuvesieamoiues

hydroxyacids @298791U  quinic, shikimic Wag tartaric acid

OH o
R OH
OH OH
OH
ellagic acid gallic acid gentisic acid
COOH
OH OH
OH 0
\ N\ OH OCH,
OH OH
p-coumaric acid caffeic acid vanillic acid
CH,
CEs
?*CH3
Q CH
fc@m{ CH3\/C\ oH -
OH CHjy CHj
p-hydroxybenzoic acid butylated hydroxytoluene

Al 2.8 anslassainsvasnsailludn lawn ellagic acid, sallic acid, gentisic acid,
p-coumaric acid, caffeic acid, vanillic acid, p-hydroxybenzoic acid

ey butylated hydroxytoluene
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nsnoaanan  (ellagic acid w3s 4,4',5,5'6,6'-hexahydroxydiphenic acid
2,6,2'6'-dilactone) 1Juansndflusaniusznaumedsmmuudy 4 1 wazilueyiusle
3 a = A4 a a & & @ oA A = - &
WwesvensAnan (i 2.8) WeuTansavilunanuddasuievienvdes nsndinuly
Taluneanualsl wu a9 (Talcott and Lee, 2002) waznaliinszQaiusss laun 1awuess
ARTOLUBST WUSALUDSS WATULUBSS WUl (Dhiraj and Kalidas, 2003) n1aaunewiin gy
Y A & Ao . . o 1 a el
raldiudenudavasiivdnmin  carya illinoensis wazdiuge nunsatuinfantulsawess iy
vanevilanunsatilugves  ellagitannin - Fafinannnsaeaaidnduiuluianavedtina
nsAeaa1dniigovTinmannuy  nanreduasiusendedy  @wnsaduliia
dmoyadasy (Xu and others. 2003) funsiindiundu  Aunsaivseliaileldeuin

AnUNA unmedniaukaziuuzss nmsfinwauauiRvensaeaaIntunisinuuzs

£ ¢

wuhilgrseaduzismateaiia liun xSy uzibmaonoms ussaRmds ues
§ld uziSeiougnmnnuazuziseiu  (Jack and others. 2004) AauaNTANRNZag Ml
yeansaiAsansatosty msvieuwesiu P53 vsawaduzSdilivihanowad ieswn
nsaitannsduiuwedusiinlfwadusddldvihan  Shin wazAmz  (2005) wWuiinse

waanIniuenlaain  Phyllanthus urinaria @15adudan1suas HBeAg  lulwaduziss

[%
v v =

HepG2 2.2.15  aeiudsioinsawaardndunsananunsalesiunasvdendigaausise

wanpvllalieg1euniase  uendnlifaianaudilunisiulisauasuuafisednee
AuaudRlunsinudenaalifien  (Plasmodium falciparum) (Banzouzi and others.
2002) Tuiy nseilagdrelumsitunisinsiuanieduniduardaaiuensinuag

gallic acid (3,4,5-Trihydroxybenzoic acid) (n il 2.8) U%qwéLﬁuwﬂmﬁﬂ

(%
raa Il =

sun3d Lifid nsntiinduluanadassuiadudiuvedluanaunuiiy nsaunadnnusinludiey

a A

panevin fefinsntae 1iun aue odu 1 seu uanBondulsn Husu nsaunadnd
aautvaulavansesny Wy auendilumsiuderuasiudelifa  uenanid
asadumunsiineengndulilviaadgniinane waedsanansaiueaduz Sl
Supesteisadls nsaunadnanunsaldlunsdesiuaveesdenlvaseniidild wenani
faanunsaldlunisinunnnginssmzdaanzidayiiu (albumin) gs Tsawmiu UAse
ThdurindnuilsaFeunnauaznneidonsende

N eal (%

a a . . ) a ) 4
NIANIII-AINIIN  (p-coumaric  acid) LUUANTUTENOUBUNIENLUUDUNUG

lansonveensaduuniin (cinnamic acid) (A 2.8) nsatil 3 leolwwes (o-coumaric

acid, m-coumaric acid Wwag p-coumaric acid) AnsiulasidLulslonsond nsAns1-An
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udnidu Telesfinumnianlusssumnd aunsonulslufiviuldvatsis wu Mdas ua
o Windled anseluess dulszan wslewe wavnsuidien Hdnwasdundnudedu
azaneluldudazaeldiluesueauarlaesaeames  qrmednmnsaiie  awnse
funseantnduves low-density lipoprotein (LDL) uagidainanunsnannigidsssionns
WulsmuziSelunssimnzerms  (Ferguson  and  others.  2005)  lagn1sannisiin
carcinogenic nitrosamines  (Kiyomi and others. 1983) MlrugSsdunseimnzemsly
i lulnssfiudunguansusznovdunidiuszneuseaimiadululpsiau (N=0) Tl
MsFuNUINNIY 100 T wé wiaunsgist 1950 Fswudnduansifianandilunisiensise
oehausdludnrivaaes wansnsionng wu iednd ewnsnes uasdanAuurs Fuduavnsd
fnslélulaseniiy duilaefsdaudsstonafnunds Wofuinszuiumsiuduiaiud
nszmizewns eindelumsmgndesnaneiiululesd wndululasdarlututueiiudady
asfignadrstunniusiulasuuefidelude wagavinearldasieusdedn  cardnogenic
nitrosamines nsawIs-Auindudanssuiunmsilaenisdufueyiusvosnsalusin destu
liliduiuesiuyililifalulnsiud@aduasdunse dnidewuin 90% vedlulaseniiud
Frauaduanvnvesnsiinueise

nsAANNDA  (caffeic acid ¥s® 3,4-dihydroxycinnamic acid, CoHgOy) v

a

anpeginindulusssumAlaeanivededluonanidniiv (il 2.8) dadunsaans

'
a

venTanmenvegluunsndaserseduiuiluledlnues (Yamamoto and others. 2000; Lu
and others. 1999) vidaidoussansusznaudunidluguvesnglelus (Bemards and others,
1991) uazieanes (Li and others. 2000) uaswmiluladiiinduludaidaTnsnuosd
Jundireswesdmivittidnaneianiu  nmawndanulunall fn eSeana ey
PS8R nIALENTITaleames (caffeic acid phenethyl ester, CAPE) TaUszloviinigen
TneifumsUsznouiifigriduansdesse  duamenisdnay  uaslinuauiPcutuiy
fiAuiy nMsAnenudt nseABnanansaiueenTAty ansamdneuyadaszuas
Tnssadrafianaiios (Wolf and others. 2008) usnaniidsldsunnuaulannlunmauds
nsenueandinduveseuyaeendiaudaseld  MnnsAnwiigatudiianunsatesiunisie
pnTnTuveInTnaluasn  (linoleic acid) waz low-density lipoprotein (LDL) dosfiu
Lﬁal,?jaLLazﬁLauLa'«nﬂmigﬂﬁwmaé’aanﬁﬁ'%snaaﬂ%m%’u (Meyer and others. 1997)
n3andian (vanillic acid) (nmil 2.8) uansUszneundnves biovanillin
Wuansiinduuss 1dunnlugaaminssuemnsuaglenldlunssuiumsdunsesion luglsy
oyusvaansaiangnlfifuethgafids (Ghosh, 2006) nanfiUsznaudemydadladuasi
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£%
¥ =

luandsanunsainuiisenlavanesta  nsnndannulusssunAdagnasnstulaedy wu [in

Y

'
a

Nilaan wazdunszilugnamnssuenins teldlunsduaslvnaulugnnme ewnsuas
wiama uenaniigiaunsanullulniivuuiug  (Spiltman and others. 1997) uawifu
nawaoslianmskamAesAdiy (curcumin) 91l (Wang and others. 1997) nsaanil
anfinuautilunisduasiensiidasandnuuiidudldsn  JaAnannswieniili
Wnlneasnouzisae (Akagi and others. 1995) @nsasueeNTIATY Uosiulwaaannis
Maneme  H,0, ﬂaqﬁul,szjaa“laﬂﬁlﬁGm13ﬂawaﬂ’uﬁﬁumaéﬁ1€ﬁummL?ﬁ&lma Prglrnsly
LS eiUsE s N

p-hydroxybenzoic acid (parabens) (nwil  2.8) Lﬂuaﬂiﬁaeﬂum‘:u

a

hydroxybenzoic acid 16?1’1JszIstuu“LumiéhuL%aa;aw%‘é wisdudfignivmadaninvans
sehuslaehluidoiesinaduduiledovudiansuassudinshnuvediinaswnie ws
Fudianldndausniieldiluasiudogdunidlumandnelugas 1920 (Sabalitschka,
1930)  ntumniudiaiuuslvamnsofuterdunidlintinng uaslivssaninm
wnBedy  wunmsiungeamesluaewintud  VilVaunsodudodunigliit  ud
ANanunsalumsarateinfanas (Elder, 1984) Tudagduimsldusslovdannung wu 14
waluedosdens on Wlunsiudedaduarsilundnsasionns wu dudrouuis wniesiy
wandasianwalsl tadn lodu waviiifunznen Wud Okada wazenz (1999) $1891u
ierududusammemnfudlumsiudade S cerevisice  uax  Klebsiella
pneumoniae 19 50% fe 1.29 Waz 4.28 mM ama1PU WTUdNNanaN15aTe D3
wuafidelutesuin Steinberg wazaz (1999) FenuiwdauasinsfmisiSudiiany

Wty 0.6% war 0.3% luthenthulinduaiisadntossasnuiuuaiselulin wen

1 o a a | Y
gusavianduauluaiiseludasuinlag

Wn1saszvasusznouludn

Breswranstszneviludnlufinidll  warlufioldidue s finanes
Herrmann (1989) wag Waksmundzka-Hajnos (1998) anunsaiasiginsailluaniinan
hydroxycinnamic tag hydroxybenzoic acids Tuisenge wariildduemsls Tnenis
Aasgransusenauilluanluingiusneg Fupouddryiuneunilsienisatauenats 35ns
affusnanstusyfurinvesemauazansUsnauiiludnfiosiased  luduneuusnagdos
un  ilvigevdelishegndlianBenashlvdfuiiinuniuuarazanlunisatadedsh

1A39n15 “MasfinwSeufisulsinaraliuesd wagnsduesnTinduveinansiauaeiugsne” 41



avane  iessvhliudlaiansadafilddusunuiivesiedns  Weswinarsuseneuiiiug
ndlvnjazeglusuvoandelaleduiowames  Aulumawieusesiidaesdosdaeda
alavnsauasviioreuledifielildasuseneuiluandasey
1. Wailouead (Pietta, 2000)

NMyIRTEUsInaEsUseneunatliuesalaganznaunaliuead dnly
watla HPLC (High-Performance Liquid Chromatography) UV-atUalasinlading (UV-
spectrophotometry) 38 CE (Capillary Electrophoresis) LLazm’JﬁﬁméﬁEJ'%Jﬂ?iEgam’]l’ﬂa
1a# PDH (photo-diode array) %30 MS (mass spectrometry) \flosanansusznounanly
wegRINfivineglugy O-glycosidic Tneduiudhana wu nalaa  (glucose) Nuanlna
(galactose) wsulua (rthamnose) 8gs10lud  (arabinse) LLﬁsg@Iua (rutinose) Tunns
Anszimusinaensdsznounaluess axvhmsiessianvdiuerlnalan fuiudes
dovsnonsaeivasenly  Unfazdesrlatlueaddoiusueaiiinanlelasaasinnaney
HPLC  Wuasidenldunnlunisinseinatauess  enfnuuanaswesanndvosans

asnflan ntiunnfianvzgnniiaviienlieglureduiuiuiasgnizesnumvagn  dainlu

[
a o

asaunenansle wuiudmsumlasgiunsivgilenduldfivn (reversed-phase ; RP) flann
Zj v 1 d' d‘ o Y | 4 o‘d‘l
Ttlegninamdeun wangdwmiuldlunisuenaislungy Waliueaduazrailiuesnaug
Tunaldl Tumsuenlagldnedul C18 (sunalupedutvuin 3-5 mm) lagldiwlandoud
Wuwsuearseasdlnlulpsnaudunsnazdfin  nsanesiin  vSeneaaTWwasluUSua
< ¥ 1 n' s | a dl'
Wwnipgazriuiinanuasalunsuennaliuesslazasusenauiludndue
2. nsanluan

wuiuiunanliuess nsldimalla RP-HPLC  anwunsauszyndldlunis
AAsinsalludnts fvinazaneilolun1sinsieieny HPLC Tawn a1sazangtn-nnosd
fin nsanasiin visensaeanasn fuwsIURarsaasdlelulns Nellevwaranuuduleaau
YaaaPdaunildnsnananisruinriensailudnliuredulinisiUasulUasfiavasyigwig
mMswaniUasulosaurassnag1edsazannisutirieiluneduuluniskenwuy  reversed-
phase selunsiiunsAeedin (2-5%) ninesiin nsavleane3nvisensalnsvigeslsosdsin
(0.1%) luansararvvstivannisuaniUisulossy uasnyasuendadazdieiiunsuenias

Munsuveanslanvy suiusveInsnluuleBnadINLNgAdULANgINgntuY9ANE1IREY

'
a =

246-262 nm  gniunIn  wnadnuaz nIaleSudndegadunataiani 271 uay 275 nm
MXEIAU (Torres and others. 1987) nsnlansen@@uuniingaduuaslu 2 933 ve3 UV oy
YIUINBYNAUYNIATUIENING 225-235 nm UALYIEONIBYTENIN 290-330 nm 9
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ANNENAAY 320 nm eyiusveenIauiinamsansaadnld Taglignsuniuaneysius
voansauuledn Gegadunasiiniuenadu 250 nm  eglsAnunisasiefianuenaiy
280 nm  AduBnmadenviliiannsalinseasuszneuiitudniisaoindy nmsgaduuas
PANMENAFUTENIN 350-370 nm  Huthsiidenldiuilulunsanaiaviatluead
ozndelau uagiiAnuenindu 280 nm angdmiuasiaia flavan-3-ol uagvaluead
naglalem (Robards and Antolowich, 1997)
3. MInvInUsinaasuseneuilluaninesiu
N3nTIviaUTunasUseneulndtiuealaesiu Jansnizdmsuvinugnsedu
a1sUszneulndiiuea fie Folin-Ciocalteu Phonal TS. 1dunisinsigiufiseinisiin
vosansUsznauindfiueslassmtuasans lensinAnisgandusamosdiindu  Fih
fiietuuansdinisiansuszneulndituea  midedulngjazlénsaunadaiduansinasgu
wansAndudadnduse 100 nsu Weuwihiunsaunaaa (gallic acid equivalents, GAE)
4. mIveaeugvsiuUiiseeendinduinimaaeulivangTifeuty
4.1 3% thiobarbituric reactive substances (TBARS) 115N 15Ann U310
miﬂigﬂaué’aﬁlﬁjﬁﬁlﬁmmﬂﬂﬁﬁ%maaﬂ%m%’maa low density lipoprotein (LDL) fiulaug
looou 1wy Fe™' uay Cu” TainAnsganduuasiinimeniadu 532 uiluwns (Prakash,
2001)
4.2 75 Trolox equivalent antioxidant capacity (TEAC) assay #58 ABTS

(2,2-azinobis [ethylbenzothiazoline-6-sulphonate]) assay Lﬂumiwmaquéﬁ’mﬂﬁﬁ%m

oondiatuves ABTS luguves ABTS wWiwuifiudiu Trolox Jnldainnisanaswesdly
asazany lapans ABTS dsldnaaeufuasainainemsinnisgandunaswesansazaied
ANEIRaY 734 uluwns (Whiternan and Guan, 2003) Yefaesia  TEAE Aevilladne
Ingouyadase ABTS awhujisenednminsatuaisiusuyadassnely 30 uiil Undld
waUszana 5 Wil msieseiinlaluguanudunsa-aaning vinldaunsafnwinalnla
Tnwandon  oyyadasy  ABTS  azanslévidluiuazansovanedurdd  TTeseiv
muasalunsiueendwdurasansine lidtesluasiiezarst wieasiazanely
lusiu Yeidede eyyadasy ABTS Lidumsmwsssunaineliifinoyyadasyluwadvielu
$1918 (o1 wavae, 2549)

4.3 m3lengiliinumsUsznevuilusanavin (lugunsawnada) 1dun1s

negavasiueanivun agly Folin-ciocalteu reagent UjAseniufegwasazane way
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yhmsisufasazansannsgiunsaunadnlainAinsgandy  wasfianueniadu 750
wluns (Zoecklein et al., 1995)

4.4 ﬂwawmaauqm%‘é"}uﬂﬁﬁ%maaﬂ%m%’uﬁaEﬁ% DPPH radical scavenging
Junsvaseugriduliiseeentindulngliiansiegnaiiiendu  DPPH  (2.2-
diphenyl-1-picrylhydrazyl) ﬁmmmamimaaﬂmmi“;’mwmi@mﬂﬁuLLmﬁummiazmaﬁ
ANEIAAY 517-520 ulumns (§uf wazasissn, 2544) oyyadasy DPPH unilduaes
auvlioveseyyadasyifarwne  Tahadlosglugudaszuiilaglidoshuiiseunieoutu

auyadasy ABTS (lann uazAniz, 2549; Huang et al., 2005) YeRvedisilfe g ldinTedile

1%
Y = L ¥ 2V

adigmg W dealdiluiBilesulunisnaaeugrsiueyyaresasiueuladasean

555UWA  Jelduvesisnisiihe eyyadasy DPPH danuesiililsieu)isemilousyya

dasviintuluwadvisesnanie duiuisiAdliannsoueniey visednsduduayyadaseiaiy
Tgald wenvnillassadramaniveseyyadasy DPPH azldidnnsouieiveseuyadasygn

v Y IS I o v v a Q‘ ' 1! 1
UAdIMEIMuUNEY 3 29 uasnylules vihlvansiueuyaniligrsusaadvunalvgl
awnsan iUz mseiiaufisendiniinnuduass  uenanilanssmdainnsavilig

YosouNadasy DPPH awadlddndiy (lon uasmme, 2549)

Uadeniinananisiasuniasansusenauiluanuasaa18150 81U N TLATUVDINY

a A

UsunauansusenauiludnkasANuaINuIsa b uNISANUEBNTLATUYDINY WAAL LA L]

AMUBANANNNY WBNIINRUSUIUE15UTENaUT I URNWALAINUEIUNTO L UNITATUDBNTLATUL

£

Tuegiuladenalsusyns wu aeiug sseznmsasydule gania wazalde [Wusu

Y

4

GUEITIE
aneudpeviduladendmadeUsinauaresrusenauvesasuseneuilludn (Kim
et al,, 2003) Orak (2007) yhn1s@nwUsILeulslsedunmun Usunaasusenauilly

(%
a Y

AnNVavaR LagAINEINNI0LUNIATUBRNTNTUTDIANTANRINBIUAIETUTANY 16 a1eiug

]
%

wuheduameiugieg fusmnauelslvedudiomn asUszneuilludniiommuauandraiy
damalianuanunsalunisinueendndulansneiuaiy Tut 2008 Ozgen wazmuy (2008)
AnwantAineiivazaudinsiueen@intuvewiviin (Punica granatum L.) 6 @newiug
TngvmsiaseiUsinaasussneuiludnimun Usinaweulsleenfudimun daudinig
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Aueendadu 2 38 laun Frap (ferric reducing antioxidant power) wag TEAC (Trolox
equivalent antioxidant capacity) assays WU 6 anenug TUSunaansUsenaudl
Tudnfimuaegsewin 1,245-2,076 TaAnfuauyavemnsaunadnsedsiuiin 1 Ans waed
Usinauwoulsleendudiomeegsening 6.12-219 fadniuauyavesleeiiifu-3-nglaled de

PPIUTN 1 a9 wWardANLaINN5alUNITAIUEDNTLATULANA1INU

322N15RsYAuln

LY a 1

svozn1ssyiulnfedndedaviafidfyaiidninaseaisuad ANWULIN
nMen wazmsUasunlamnslassaiisveanalduazin (Menichini et al, 2009) Lima uaz
Ay (2005) AnwiUSunuasUszneuilludnuasualsiuesnueina  Acerola (Malpighia
emarginata D.C.) fivhmsfiusient] 3 svavmsiaSaiulafie initial stage (na@ifeariaviun)
half-mature  (Nal@a0909ELAY) Way completely mature (NAAWASDIENIY) WU
a1suszneuiludnuaana Acerola mqmaﬁ’uﬁ:ﬁﬂ%mmamaaLﬁaﬁmsm%ayﬁu‘lmmﬁu N3
ufulsinauealsiiuess Tnedusianivduilefinsesadulanniy uay Castrejon waz
Aflz (2008) msIvEpUNISIUABLUUamesasUsznauiludnuazautinisiusendiadure
sugwess (Vaccinum corymbosum L) Tusgwinamsiadagivlanasnisgn wuindloug
wessiinsssaiivinnntuasiinisasauseulsloeniuunntu luvasinalueauaznsals
ATNTTULNTINAziUTINILARaY TudiuresnuaINIsaRuenTnTuaziinun ltuguRe iU

USunaasuszneuiludnviavae fediuuiliuanauilougiuassgnuiniu
§aN"a

pilennAvienamaiidnsnadeUIunaasusyneuilludnueswa  Acerola laguail
& o | v e T a | A2 o : o &
Wunealugigguasariviinaansuseneuiludnunnndtnaiiinuifedlug ey Vil
= S = S o I3 o § val A aT A
Wesniisuenvaziderdmaldnmeluad wasvihlviduSinaansuszneuilludnanas
(Lima et al., 2005) 8n%i4 Ferreyra wagmug (2007) 51891U3NSAUNEIERTOLUBSS b9
goIeuasivTinaasUsenouilludn  wavaudiinsiueyyadasy DPPH wnndnluyiegg

N’U
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Gerasopoulos W@ Stavroulakis (1997) ANw1AMENYMENNAMANYBIHANLDY 2
dU3d Aim Morus alba (Mxleuv1y 3 @1efiug Lawn Mavri, Rodini wag Aspri) waz Morus
nigra (valauen tawnateus Mavromurnia) wudtnandewiug Mavriomurnia $U3unay
woulslognduimuagenimanioutusdu uaslull 2007 Ercisli uaz Orhan (2007) Anw
perUsznoumaall Wy Usinamesudsiiavanerily (Total soluble solid) AsLdunsacig
TnsianzetebeUSinaansUssneuilludniommn wasdSinaalueesnmunvenanilou
3 @U%d Ao nuUpUVI (Morus alba) Raipulas (Morus rubra) wazsisiouan (Morus nigra)
wuin atidiinadeUsunaasusyneuiludnuaswalausssiionun Tnevalousiivsuna
msﬂizﬂaumuéﬂLLﬁsWaﬂauaaﬁﬁywmanﬂﬁqﬂ F0383UNADNUDULAILAZULUDUVID
gy Tneidendnlituionnananuuandenmaiugnssy Tngluamideivinisniu

magranisunionewiiu wazasqiulaniglagiienniamne i
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3.1 Aveg1alazasiall
3.1.1 fpganantou
NuFpgeNandouINAUEIANTIUINN WIS EUNATTAIN LAz AUY
wiloulvudunssifesiv Jwingassil wazlsdiuga Jwdamesysal eefiudiegsain

VRUNUGH) Tanun 8 g baun

a A o ¢ ' i =
M15°97 3.1 uanswviaanuLazaneiugvaaunlylunsinw

Sfufl ugnileu W7

1 TUSuATIIWENT 60 awduinnssuluy wniverduamansny

2 1ugyssue 60 auguinnssulny winerdsumansny

3 VuSYUNS Audvdoulyuafunseiiesiv Yaringassiil
4 g3 augvdeulvudunseiiesia Jmingassill
5 gweslvy augvdeulvundunseiiesia dmingassill
6 fugfinaves Audvdoulyuafunseiiesiv Yaringassiil
7 IRl UMY Audvdoulnaafunseiiesiv Yaingassiil
8 Vuglsmitiuga Isiuga Jwmdnmesysal
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3.1.2 @5LAdl

3.1.2.1 ansavansuazilawedoud o acetronitrile, methanol ltag ethanol

3.1.2.2 ansanesgiuianluesdldluniavaaedldun (+)-catechin, myricetin,
rutin, (-)-epicatechin, resveratol, lutelin, quercetin, naringenin, tag kaempferol 6’3"41%@
1NANUTE Sigma (USA) in3oumnadiduvesansainnsgiuil 0.50 gL ynsiognsnsessinu
N3¥ATENTOIULIA 0.45 Um reudaidiaies HPLC

3.1.2.3 asunsgnunsaiitudn lown sallic acid, dihydroxybenzoic acid, 4-
hydroxybenzoic acid, chloroginic acid, vanilic acid, caffeic acid, syrigic acid, p-
coumaric acid, ferulic acid, sinapinic acid HOUNNUTI Sigma (USA) Tadnusuiinsiesi
§esp3e HPLC

3.1.2.4 a’ﬁmmgmﬂimauw%ﬂ Tawn oxalic acid, tataric acid, malic acid,
ascorbic acid, lactic acid, acetic acid, citric acid, a% benzoic acid %jamf\ﬂﬂuc%ﬁw May
& Baker (British) ldmsuliaszideiaies HPLC

3.1.2.5 ansunsgruseulsleenduilflunismasesléiun kuromanin,
keracyanidin, malvin, dephinidin, cyanidin, pelargonidin, malvidin %&%@ma’mﬁﬁw
Sigma (USA) dmsuimsnziisneinias HPLC

3.1.2.6 arnadiildlummaaeunsiinfiioreendiatu léun 2,2-Diphenly-

2-picrylhydrazyl (DPPH), buthylated hydroxytoluene (BHT), buthylated hydroxyanisol

(BHA) wag Ol-tocopherol FOUNANUTEN Sigma (Sigma, Aldrich GmbH, Sternheim,

Germany)

3.2 N1SANARIDENINANNIDY

o w ] 1 1 1y o 4 aad < & I3

Wi manteuanusaraeiugluviuiilagisiudanuds (freeze dry)
upazden (un 1 mm) neudvlunivusnazeanliinnudunsutilu@ne Tunsadaly
Fpgnanite 1 nSU RumIuea (60% v/v) 10 ml neuldliluiases sonicate annsegng
U 30 Wil Weladeduannmsanadn daluluniesd 2000 x ¢ w15 Wit dhdwla
(Supernatants) 7lgannsanameluniuea (Wethanolic extract, ME) luvinluisae
399 evaporator thauvesvamilailaluyinliuisrelneisidudenuds fuansadafila

1A% -20°C aunazihluinsen
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3.3 M15ATIERUSNIAUAN-wALSAY (B-carotene) wazlalatu (lycopene)
wan-ualsiutazlalalunsiainseinuisnsues Barros wagaue (2007) agany
HINAVLBUNAIY  acetone-hexane (4:6) w1 1  wivinewihlunsesmiensenenses
Whatman s 4 dwufildainnisnses (filtrate) ﬁwlﬂ’fmm@jmﬂﬁuLLaqﬁmwm?{u 453, 505,
645 way 663 nm Usunaud-ualsiulaglaladumuianinannis (1) wag (2)
LWUAN-WALSHAY (Mg/100g) = 0.216Ag; — 0.308As0s + 0.452A 45 (1)
lalalu (mg/100g) = — 0.0458A¢; + 0.372A505 — 0.0806A,55 (2)
MesEiTave 3 67 nanwaluguAnads + dudssuunesgiu lumie

Jaansusa 10005y

3.4 Ysunasilludnievan (Total phenolics content)

n31IAlaeledls Folin-Ciocalteau assay (Singleton and Rossi. 1965 ; Kahkonen
et al,, 1999) Tngld qallic acid Humsmsgiu Vwnailudniomundawandugy me
v0s  gallic acid/s twnsegtauia asansmlunsgulagld  callic acid  1uans
wmsgu (Lister and Wilson, 2001) AUANAINAMMLTNTUYDY gallic acid  wwseuly

ac

80% methanol fiaududu 0.02, 0.04, 0.08, 0.16, 0.32 waz 0.6¢ me/ml TITwIen
ol

341 99 gallicacid w1 05 ¢ avareludninessne 80% methanol
nouinasly volumetric flask aum 50 ml udusuuTuasie 80% methanol Tuld
50 ml a%lg stock solution Aiflaududu 1 meg/ml

3.4.2 19999@15aza18 stock solution (1 mg/ml) 91n€s 1 e 80%

methanol TuUTunse1eg MUALTUTY AIRIT1

ALULUU (Mg/ml) 0 0.02 0.04 0.08 0.16 0.32 0.64
stock solution (ml) 0 1 2 4 8 16 32
80% methanol (ml) | 50 49 48 46 42 34 18

343  Usinailludnisnunvesansanaitasieimedd  Folin-Ciocalteu
reagent (Singlaton and Rossi, 1965) #19613 12.5 pl WaufuiIndudIums 12.5 pl uag
a158¥any Folin-Ciocalteu reagent (FIN1UN15I999MBUINAY 10 W) YSuns 12.5 pl

NA9NUU 6 UM AN 7% sodium carbonate (Na,CO,;) Usuas 125 pl wazi@niingu
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USums 100 pl antudaeeliiinujfisenfiaaumgiviesuy 90wl andudiluiam

AnAukaAMNEIAaY 760 nm lagldia3es microplate reader spectrophotometers

(Synergy HT, BiotTek instruments, USA) yinn1naass 3 €0 a'ﬁmmgmﬁi%’ﬁ’mm\l

WINsZIUAL gallic acid w3sufinududy 6.25, 12.5, 25, 50, 100, 200 waz 400 Llg/ml

uansnaUsailudnisvualuniay mg GAE/100 g Yetvtindlognean

¢ &

3.5 N15ATIERUSHunanluaennanun (Total flavonoids content)
A5 LATIETUSUIUNA NI U AN INUALUAIDE1MILATNISUBY  Dewanto  hasAME

(2000) theregansananiAudutunn 1 ml dndnansazals NaNO, (7%) Usua 75

pL wanliiniuuig 6 Wil Aewdmidy ALCL (10%) USuad 0.15 ml nds9nidu 5 il 39
Wnansagaty 1 M NaOH Usunas 0.5 ml UsudSunmsaavinelale 2.5 ml wawlvdiuneu
luasainAmganiukasiiniue1Indy 510 nm Usinamailiusuaianuadiwindagld

(+)-catechin 1 uasnnsgIu (mg CE ¢ db) Tneldnsmwanmsgiu (+)-catechin  Lw3oud

I -1 o 5
ALY 0-400 Hg ml MNTNAanY 3 91

3.6 mMsaszidsununailiuesnfae High Performance Liquid Chromatography
(HPLQO)

3

AazivTununaliueaAfalUasInIsN15UeY  Fang wazAmy (2006) lran1zlu

[

N13ATILNRIT gaunglimeauil 40°C AoaNuln Cigs YU 250 X 4.6 mm FIRTIVIALUY

Y

'
v a

Diode Array Detector (DAD) Safieuenndy 254 nm wandeuiidmsunsieseina
TUeYANINIBNIT09 samappito lazame (2002) laun @sazaty A = 97.8% H,0 + 2%
CHsCN + 0.2 % H,PO, @15azans B = 97.8% CH.,CN + 2% H,O + 0.2 % H,PO, #78
gnsnstua 0.6 fadasssowdl Ysumsdawindu 20 UL legldinsifeudmsunig
Jasevasuseneunaliueenfe 0-9 w1 ens1nsiraanasain 0.6 Wu 0.4 Taddns
foundt way 9-13 it ensmslvadiinduain 0.4 Py 0.6 Jadanseundl war 13-55
Wit Wsnsnslnansdiil 0.6 faddnsreuit dwsurudutuvesasazats B Ao 0-30
U 20-50 %B, 30-35 W1 50-60%B, 35-40 W 60-20%B, 40-55 W 20%B AU
Uhinnanslastiiuildnsmkisusuiuildngmeesansnsgiu senusadu Sadnduse

100 N5u Umitnan AR UANYNABIvetEsUSENoUNAaTIuREATIAT e LAlAuN SR AL

1a59n15 “MsfinwSeuiisudsinamailiueed wasgrsduesnTnduvemansiauaeiiugmine” 51



a1sunsgIunnTuANutuduud U luiesns  waviUSeuiisuaugnaeuesiiug

THnsniiaseild (spike)

3.7 NM15ATIERUSUaunsaluanAe HPLC

a (% ¢

nswsenUsunseilludnldannglunsinszi fe gumgineduy 38°C

Y

poauuYn Cig intersill 250 x 4.6 mm @38 guard column C;5 AINTIVIAUUU Diode
o

Array Detector (DAD) 1a7iAue12AAU 280 nm LWapdauiidmsunsitasizvinsailluan

AD @19azane A = 1% phosphoric acid (pH 2.58) wazaisazaly B = Acetronitrile fng

gnsmslva 0.8 faddnssioundl YSuwsdavindu 20l legldinsifewdmiunis

a ¢ I a Y
']Lﬁi?gﬁﬂiﬂﬂﬂuaﬂﬂﬁLLﬁfﬂ\ﬂ,U(ﬂ’ﬁ'N

a1 (u¥l) asazany AT (%)

0.01 B 5
0.01 A 95
5.00 B 9
5.00 A 91
15.00 B 9
15.00 A 91
22.00 B 11
22.00 A 89
38.00 B 18
38.00 A 82
43.00 B 23
43.00 A e
45.00 B 30
45.00 A 70
46.00 B 80
46.00 A 20
55.00 B 80
55.00 A 20
60.00 B 5
60.00 A 95
65.00 B 5
65.00 A 95
65.01 Vg
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3.9 N159ATITHUSUIUNTABUNS A28 HPLC

nsanafeg1ufiadneRlsununsadunsgilanetiifiegneen 5 ¢ @lneae

2% meta-phosphoric acid (100 ml) Tagupnaniukaznwduian 10 ufl wasaniu
iludusiesd 20,000 x ¢ Wunar 10 Wil 91 4 °C dhdwlanlsunnsesmensean

nsowIn 0.45 Um  nouiludnsnzvmesnses HPLC
MTIATIZRUSINANIABUNITlUSIeE19a8  HPLC  (Shimadzu Cooperation

Analytical & Measuring Instruments Division Kyoto, Japan) ldan1glunsiiasizs fe

aamalinedutl 40°C peduuwlla Cyg intersill WA 250 x 4.6 mm #38 guard column

[y

Cig FINTIVIALUU Diode Array Detector (DAD) 3a7iA11ue13AdY 210 nm USunsan

Windu 20 UL ilandeuidmsunisiiageinsndumnie Ae @1sazate 25 mM phosphate

buffer (pH 2.5) Mmesnsin1stransiin 0.9 Taddnsaeould

3.10 N159LATIERUS U uwaUls bentiufe HPLC

a Y L3

nyiesziUsinaseulsleentiuldanglunsinset fe gunginedul  40°C

ARaLLUln Cig intersill 250 x 4.6 mm 8 guard column Cig FINTIVIAWULU  Diode
Array Detector (DAD) Safienuenady 520 nm wlandeuiidmsunisieseiusune
uoulsleeniiu Ao a1sazany A = Acetonitrile wava1savatsy B = 4% Phosphoric acid e
Snsnisinanddifi 1 faddnsround Usumsdawiniu 20 pl Sudu A Wudu 6% B Wity
94% 7 55 wnfl A Wudiu 25% B Wiy 75% 71 65 wnii A wiudu 25% B wiriu 75% 7 70

Y7 A WUTU 6% B WU 94%

3.1 ManagauqnsRURandIaty
3.11.1 35 DPPH radical scavenging activity
MInnABUnYRfLeYYABasTYRsEsatRa o R I Tnldlnensld
audadaszaies 1,1-diphenyl-2-picrylhydrazyl (DPPH) #1335n115909 Masuda wagAaly
(1999) ms‘wmaauqwééﬁua%aSﬁismaqaﬁaﬁmmﬂﬁméwﬁastm'i DPPH (Brand-Williams
and Cuvelierand Berset, 1995) LUSgulilgufiuansiueuladaseuInsgIu Ao ascorbic
acid laowlSeuanseuyadassiades DPPH  Tillenwdaudu 0.1 pg/ml ldluvay

microplate lngldiumusailuivhazate danwauiuiedslulsuinsnuindufe 5 ml
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e lidniuwdnhludulilundadunan 30wl udrindiganduuast 520 nm ngld
wmueallu blank waz DPPH Ju control vin1svaass 3 41 Y mdennsimsening
1 = U ¥ ¥ ¥ a U vV d! =
ARANGULAIYDY DPPH  fuaduiduduvesansinuniseandiadu azlansnuinsgiu Jadl
@ = [ Ao =~ = v A o aaa Y
wanNNIsNAEeU fie @13 DPPH  WJuansiiidine-gen ansagandunasliilevijizendu
asnllgnsaueyyadasy ansinegeariidie-llgInauaragyilirigandunaanaieig
nsiueuLABaTEvasietuanslusUveIARieresn N lNTUNgEA U YYadase
(effective concentration; ECsy) na1MAe USUailuaniianus (meg) U89n15A1UNTLAYU
YDIFIBYNNNAFOUITANNTNAAAIANNAULEDOUNADASE DPPH  laasamilane 50%
(Cai et al., 2003)
3.11.2 35 Ferric reducing antioxidant power (FRAP)
NINAdeUVEAUeYNATAsYYRIETAnIINFIg 19n T TnlAlnenslY

a a

BuLAdATHIADYT 2,4,6-tri (2-pyridyl)-tri-azine (TPTZ) mimmaa‘uqm‘ééfma%aﬁaiwmmi
afnAINAI0ENAILETS Ferric reducing antioxidant power (FRAP) (Benzie wag Strain,
1996) W3iguiiguivansiueuyadaseiInigIu A FeSO, . 7H,0 lnewSevanseayyadasy
wtos FRAP Tianudadu 0.1 pe/ml ngldiidusvhezans wuweaufusiogsly
U3u1ms 30ul Tdlunay microplate udawdisansazaty FRAP reagent 270 ul u# blank v
\fu Acetate buffer aslUunuansazans FRAP reagent wawlidndundhluiuliluiie
Wunan 30 il udindgandunasiinimeniadu 595 nm vhnnsvinaes 3 1 A
UszdnSamnisiuenyadase  IsnmsAnanihuigiuiunismusinaeasusenauiily
anvavian LLé’aiwmuﬁi’]ﬁiéﬂugU mg. AuYavas FeSO, (mg Fe(ll/g)
3.11.3 75 ABTS (2,2-azinobis [ethylbenzothiazoline-6-sulphonate]) assay

W38Y ABTS reagent (2,2-azino-bis(3-ethylbenzene-thiazoline-6-sulfonic
acid), diamonium salt Wudu 7 mM Twth 10 ml Yanwaufuansazane Potassium
persulphate 2.45 mM Tuth 12 ml §nsnaau 8:12 mU iivlufifiowezudunaiun 16-18
Hlus wagthluideandly Ethanol fedamdu 510 ml AewhlUld  wienasunsgu
Trolox (6-hydroxy-2,7,8-tetramethylchroman-2-carboxylic acid) Twlamanaidudu 50,
100, 150, 200, 250 Way 300 mM maaquééﬁua%aﬁmmmm'immgmimam%'m
Microplate reader spectrophotometer (Model 680 Reader) ’?ﬂmmiﬂﬂﬂﬁuumﬁmm
g1edu 750 nm wn 5wt aulddganduuasiinedl  9nfundennsissning
A1 %Inhibition fuANLTNTUYEY Trolox AglenTINIIMsFINENTUNISAIUMAT TEAE

WBLUSBUMIBUNANITVNAABY
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A5USZAUNANIEDR

Bnsmideyalagldlusunsudnsagy ieliaszinanuulsusi (ANOVA, Analysis
of Variance) wuuduauysal (CRD, Completely Randomized Design) LUSguiiguaiaie

1n&35 DMRT (Duncan’s Multiple Rang test) fiszsiuaruidostiu 95% (p<0.05)

LHUNTITAEUIUNADAIASINISINGY STELLIAINITNNIY tazkaNnA1n71azlasu

[ '
Y

STEZ@AIUNTITENIEY 12 1AoU RUAATUN 1 1ADUNqEAIAL W.A. 2554 D9

FUN 30 WDULWIBU W.A. 2555 WHUNITANTUNITIFULAAILLAITIS

a Laauﬁ P ' Yo
NAINIIU Nﬁ‘l/lﬂ’]ﬂ’)']%ﬂﬂi‘lj
67189101112

1. d1979 ivfeya aansanTurile wavaneiugviou

LAYLASHULDNENTINY Mazdaufudlngns

(%

‘o : laegnemavsiouaniiuganeg loun
2. \iuseE1aNanioy

v 6

WUTUATIIVEN 60 WUGYS

ananuuasnizign
o Audutanssulu Sy 60 Wugyuns Wugad

a o % & o 6 a
U Inende wsWedlvy Mugiinanes
s ! v 6 o 'y 1o o

U1 @JUU‘VTN@U UﬁqﬂWLLWQLLau LLagv\l‘Uﬁ:‘liﬂquu
Tnupaunseiesia 90
9n351U uazuUagn AalglunsAny Fadulaenisw
yloulsinduaa . . o A

: wlafigaumgl -20°C iesnwann
Jandinsysal

A78819NBUTIUINAADY

3. VL8335 1hf70e19nabRINantaunas 1y

freeze dry uwazualn TunsAnw

Wunsazden

4. afinfIRg 1INy Ipansadnannuandouiugeneg

'
N

LAAEWUSAIELUF1UDE wWialddvsunisvnasssaly wazla

£

Aewiluvhliuiisiie Foyalosidusiuminuiwesans

\A384 evaporator anm (%yield)

e freeze dryer
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Aangsy

a ' Yo
NanaIniaLlasy

53518 AUSURULUAY
wAls¥iy (B-carotene)
waglalalu
(lycopene) v84a13
DRV G RITEE

o

Wug

6.9UsHuAuEN
Vv uavU3ua
Wanlhuessnmunves
ansannIINVdougn

LAaNUG

q

7. mUSunaunaln

YRR NSATILAN hay

1%

NSADUNIIMBLATDY
HPLC ¥89@15@na1n

niauANUAazIUS

q

IoyauTinauumualsaiy (-

carotene) waglalatu (lycopene)

s

VBINUAUGNUART YT

3

Iooyausunamludnyianun uag

USunaumanlues v anunveIvidou

o

anusaziug

8. AT NsIUNIg
AUDBNTATUVDIENS

annNUUeUGNUARY
Wug

]

Iodayausunamanliuesd nsnilly
an nandunidlunamiouanves

'
o =

NipuLAazUNUINAN Y

9. ulanataya \Weu

eatuanysallazds

A4 Ada o« Ao
LIDNFINHNNAINUIY

Idoyanuaunsalunsinu

2ONYLATUVDIAITANAIINKA VDU

o

anusiaziug

o

neme: {3UinveuAe av.dety unay

o

ladauansvuad s ulsusneanu

U
£ °

aduauysal wavdayadmiudeu

Y

aa 6 a o
ANUNNANTUTIY
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uni 4

NaLaZAUTIBNANITNARDY

oy (Mulberry) \uiivfiagluaed Moraceae fieivemansin Morus spp. Hamiouly

6
Id 1o w 901 o w 1 1 a al a da wa
Juuvasdfgueadinig nIn wagansdifgeneg  lnsanigegedwansusenauiluedndauauds
Tumaluasimusendinduionatesiunisifalsaiseswingg 1o wu lsaugise lsauwu lsaiala
Jusiu (Pawlowsk et al,, 2008) Yaguuildudnistnaniounwusguidundnsdaueisngg undulidd

suilulnl wwaldl wew wad warvgnen msudsiUnandeutiuanunsatisandymnsindeves

a 1%

NANAMVINNNITNEAS LLasLﬁmgaﬁﬂﬁﬁ’uaummqmimwm ANSNAUINANN UNINNANUBUNUNDNT

[ 1 LY a (Y

Jmigludseinaviodionisatesntu nsaivauAunluadfy AunwveINGniugiTuegiu

[ a

TRy nszuIuMINEn waznszuaunsiiuine Tutegtudalulinsuseiugunimvsandnduiain
HAVNOUDENLNEIND  AILUNONAUINIATFIUNEASMTINMaNNoY  F9msiinTsAnwivansdfay
£ ~ | a = A a o ¢ A | ] Y
wazggqransBInmlunavdeuludadnitedudulseleviveanisusinanamisuseguninvesuilan

v & o A v eal ! ° a a o ¢ o v
LLaﬂSUL‘UummSVlﬂluﬂ’ﬁﬂmLaaﬂaﬂawquLﬁ/imzamamimiﬂmamL‘Uumam\m%mﬁ6] mmmuwayja

a

Wasiuluuszendlddmsuaunuamniningdv

q

[ o v 6 v § a o ¢

Ma9aNtAIeg KA oUgNTUTUATIIYEN 60 WUGUTTUY 60 Nugyuns WS NUGLTes

9

[
I

T sWugfinaves Mugmunauay wagiuglsiiugalulasizianuunuiwantdeuannniugd

]

AN5197 4.1 USUNUAINNTU WarUNALNLAIY99a15annNNKavitau

Fortugmiou AT shwiinuavesansarin
(%) (%yield)
WusuAsIIRELN 60 78.13 + 2.11 ¢ 227 +0.10 ¢
fugussue 60 76.02 £ 2.15 ¢ 2.36 + 0.07 c
Vugguns 7321+ 1.57d 2.13 + 0.05 cd
g3 76.15 + 2.33 ¢ 2.07 + 0.04 de
Wugigeslny 79.07 + 1.18 3.18 £ 0.16 a
fugiinanes 81.44 + 3.05 b 174+ 0.12 e
A NIKaY 85.61 + 2.01 a 1.80 £ 0.03 e
fuglsintiuga 7735+ 213 ¢ 2.76 £ 0.08 b

PR LARIANUSUANLRAY + ANUEWUULINTE Y (N = 3)
T Y 49

v v

19787 (a-e) NesiuluAaNTAEIAULEAIIIAULANANNALNISERR (p < 0.05) LD

Wisuwisuaeaslneis DMRT
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ANNIRALRE U 73.21-85.61% ludnwiutivdowiugmunaiauiinnnuiugaianuanssainiug

9 Y

4

dupglitdAN19Ein (p<0.05) wagiugyunsiANUTWAITEN (115197 4.1) Worwavslaugnus
aviugluvhuideeiBiludonuds (freeze dry) neuumaziden uarainewvuea (60% v/v)
wuinldansaniane1u (crude extract) wdwegludie 1.74-3.18% Fawsaviugiiusunaensania

ThawPeanu
Usuauiluannanuawazsusuiauna laua g anauun

[

a2 | a 3 ! U s = U o v s U (3 =
Uimm'v\IIuaﬂm‘vm@ﬂ,umaqﬂﬁuawmauwuﬁqumswam 60 WUIYIIUNY 60 WUTYUNWT WUTINI

9 9

Ly

ugigesdva ugiinanes Wugiunsay wazuglsmiugansadialagds Folin-Ciocalteu &4

9 q ] 9
v

[ aa dIQ dl o a | a Y o 1 o = .
Wwisnsnfleunnnigalun1snsraiausunailudniamualudlegsansannain div (Singleton and

9

Rossi. 1965 ; Kahkonen et al., 1999) 9111595393 laNaRandtuN 1N 4.1 Wuinagnvamtou

a o

v 6 ) v 6 v 6 v 6 a v ofa v fa v 6 o
WUFUATIIVANN 60 WugUITue 60 Wugyuns Wugdnd Wusedlny Wudiinanas sudiunaiau

% IS

waziuglitiugaduimailudniomasintu 39.13 « 3.68, 27.30 + 3.87, 28.07 + 3.96, 50.93 +

q

3.82, 37.73 + 239, 2820 + 3.13, 17.38 + 2.05 uway 41.36 + 3.93 mg GAE/100g ﬁﬂwﬁﬂﬁﬂ

MINEITU Basleuniusunaludniavuegeaiign Ae nlawiugIIiUSualludnniuawindy

50.93 + 3.82 mg GAE/100g 1wminan qqndmuauwuﬁﬁuaﬂwmuaﬁw ARUNN9EDRA (p<0.05) 8998931

9

AoTuglIiiuga WuguAIIYEN 60 waugTinanas nua1fy

9 q

B Sinafl Tudnviovium (mg GAE/100g tiwiinan)

60 - - o x
50.93 B isuanaihuaadvivnua (mg CE/100g ihwiinga)

60  AUNWT M3 wgelul Ananay Awwsndu 15Aiula

.

UATTIARUT 135U
60

o '

usulau

(%
v

A7 4.1 USunauludnyvianun wasUsunamaiueennavunlunanilou
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ylouitug funsuauiiuiuailudndamuamiian Usinafludniouadinulumsloustugidedlng
(37.73 + 2.39 mg GAE/100g 1wiinan w3 180.27 + 8.07 mg GAE/100g thninuis) Susunay
In&desturaniioudv (Morus alba L) anmsnwues Ercisli was Orhan (2006) Fansaanuly
USunauyindu 181 mg GAE/100g warlnalAeaiueuideves Song-Hwan wag Hyung-Joo (2007) 14
Anwiiugnaeu 5 Wuglunmd lawanug  Pachungsipyung, Whazosipmunja, Suwonnosang,
Jasan uag Mocksang wuﬁwﬁﬂ%mmmuéﬂﬁgwmagﬂuszm 95.99 + 2.31 94 257.04 + 571 mg
GAE/100g uiinusia egslsfimuainanidevesuudif vuaiyuasadss assdndnd (2552) 7
Anwuigfumslinsesivinailudnimuavesamisuaniudiunsuaudemuihiuiinumiiiy

33.177 + 7.95 mg GAE/ 100g dwitinuvis Wiaiflsufuiugiunasauainnisneinuindusunos

n11 laglunisAnwidnudsuailudnyua lunaniounusAwinausindy 17.38 + 2.05 mg

9
1% '

GAE/100g thwitinan %130 120.81 + 10.08 mg GAE/ 100g Wmiinuis iUsinamluansanunsieiy
p1aLlesnannaLaLIg 1 anowus ﬁuﬁﬂ@n anmuwindey wazinailanisanadegie Wudu
Fanadansatauiazinadaaziinanenisldundalsunaasiivanaiuduguainauiseves Song-
Hwan ua Hyung-Joo (2007) F4ldi3nnsafasegamuisnisues Lee uaz Wicker (1991) affnna
vsiou 5 s Taeldiete 50 ¢ Tu 70% suea Yums 100ml wunan ¢ lusdigaumaiivies
WU UIUTUN Wiuﬁﬂﬂgwmasﬂwdm 0.9599 ¢ 2.5704 mg GAE/g thminuis vasiienise
909 Ercisli wag Orhan (2006) lldafanandeudesiiazaseyls Idnmandoufitiunisiuis
LL‘U‘ULgaﬂLL‘ﬁﬂlﬂ%ﬂU%uﬁmﬂiuaﬂﬁ’jﬂﬁuﬂwua@ﬂuﬁhﬂ 181 91422 mg GAE/g thwinuiis viueq

WU Jin-Yuarn way Ching-Yin (2007) lilaadananioumisiivinazatsezlsguiu iiesusld

FEnsauenthanransoureuldiumisafirnungasey 10,000¢ (4°C) Wunan 30 wift vidwlai
¥ lUmusnaifiuanionldadoinfu 1515 me GAE/g twidnuis uenainiiannauiseves
Gungor uay Sengul (2008) afmwamseudstinaznmudunan 30 wi reuthlunsesuasly
"3Lm'}sﬁwudﬂlé’ﬂ%mmﬁiuﬁﬂﬁquu@aﬁuﬁw 18.15 919.23 me GAE/g vmtinusia Feazidiuld

Foauinnsidmedalunisasaiunnenetuliusunailuanivaasiatugie

s (%

USunamanliusuaviavanlunagnuamleunuguassngdin 60 Wudussuy 60 Wugyuns

WugId MugWedluy Wugiinaves Wugmumanay  wasiuglimtugansiainnuitnisuens

Dewanto WazAfy (2000) MNIATIVIRlANaALEnslun N 4.1 wulwaanvemtowiug

& ao

UATTIVANT 60 WUGYITUY 60 Wugyuns ugd wudidesluy sudiinanes fugmunaway wag

fuglsntugaiivsunamailiesdvianueindu 35.43 + 2.83, 24.23 + 1.76, 18.64 + 2.70, 36.61 +

318, 17.92 + 1.24, 11.98 + 1.66, 12.95 + 1.03 way 47.79 = 321 mg CE/100g twiinan
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Py Fadeunivsinamanliuesdnmungeigaiuslidtdugawindu 4779 = 321 mg
CE/100g U wiinam vise 211.01 = 10.03 mg CE/100g Wwtinums Fegenimsleuiugduaeiedl
v o o aa 1 < a a 2 o 1 < v ~ ol = [ a v

Hod Ay eana (p<0.05) ag1slsimuUSIuInuAmMAIantollalUssuisuiusenuITeues
Jin-Yuarn tag Ching-Yin (2007) #awulndUiunauvidu  250.1 + 6.3 mg CE/100g UIMTUNWAY
agnlshmuiioneuifisuiuuideess Song-Hwan uaz Hyung-Joo (2007) &alg@nwiiugnieu
5 wuglunma leunug Pachungsipyung, Whazosipmunja, Suwonnosang, Jasan ag Mocksang

wudnfivsinavlalueeaianuaeglugie 0.56 + 0.02 §i1 6.54 + 0.40 mg CE/100g Uwunuig
USuauA-ualsdiu (B-carotene) uazlalalu (lycopene)

wan-walsfiuduasidurediandiue  (Usinndwe) dunumddglunmssnuguainues

a AY U Vv & & X al s «:4' = = & a a
LWN?%UUQ@JﬂNﬂuSLMLLGUQLLﬁﬂ 'VNUIWEJUﬂC‘lﬁ']\‘iﬂ']EJsUaﬂlliéUEJLﬁ']ﬁ']ﬂJ'ﬁﬂLUﬁEJUUW']-LLﬂITV]u‘lULUU'N]']?JU

q

wlinuUinauiisenedenis wenanddwhmihedewduasiueuyadaseie Ysunawum-

walsviuvnulunaanvewsiowiuguassvdun 60 WugUTSNe 60 Wugyanws Wugid Wudidusly

o

ugiinanes ugiuneay  wasuglsiiugalivsunawindu 0.72 + 0.22, 0.62 + 0.07, 0.64 +

0.15, 0.43 = 0.07, 0.59 = 0.03, 0.35 + 0.13, 0.29 = 0.06 waz 0.70 = 0.06 g/g 5ﬂ%ﬁﬂﬁﬂ

AINETU (N9 4.2) maleuuguATIIRdNT 60 JUSuNugIan sesmanAeiuglsintuga

1.77 .
18- & Bunafidr-ualsviu (ug/g Unwinga) 1.72

16 B8 Bualataily (ug/g iwiinga)

1.23

uaIAFUN  UFFuE 60 AUNT N3 eelud finanas A uwensu leA1iuaa
60

wWusuyauy

AN 4.2 USunanudn-walsiukazusunalalatulunanseu
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lalaUwluunlsiivesdvianianilaseassluananenniualsivesdvindug  vivlilala
Yuluunlsiiueedniiss@vinmasan  dgusiduansiueyyadase  Fwetdivananuiaunfuas
dll & = o a 1 CY a
ANUFBNTRLEAGIUlBNIINM T IaNeveteuYadasy  wanludu (DL Tunssualadin
Ysnadalalulusunieazanauiionnyuiniu TalatuildaudrAglunisdudinisasyulaves
waduzsusuNwazNnSUInuegn  lngavannisiiailesenuazdudinisiiavilesen  uazdugdinis
Wunsastinveswaduzsludiduresmsiinaduzss (sxez G1) uenanidsielesiuniy
deaonisialsaiila dslunislasulalaluasdmansieaunin lalalunuunnlugs@ama w3nwag
Wl NIZIBULAY H5TuAe uzaznevlaung Wdngy ansediuess wesiuns wanviuiiy nauzwi
! [d v = & a = ' v ¢ = [ |
wazandauuas 1Wudu Tunsfinwinulsinalalatulunagnuemsisuiuguassivdun 60 Wusys
Sue 60 WugYUNT 9w Wudidedlry Ruginanes Mugiwmway  uasiuglsmdugaivsun

WU 1.77 + 0.12, 1.27 + 0.17, 1.10 + 0.11, 0.57 + 0.17, 1.23 + 0.18, 0.52 + 0.10, 0.45 + 0.04

=

wag 1.72 + 0.16 He/g Wnitingn aud1diu (nmd 4.2) ndeuiuguassvdun 60 1USunugeiign &

o w a

! | o eal | oA a A o 1o w
ﬂ’J'WillQUWUSQQUQUWQMUHﬁWﬁQJIVﬂQﬁQW (/C)<0.05) 3'93\‘1@\‘13J']ﬂawu5jlﬁﬂ7uuf\!ﬁ

Usunaunsadunidlunanisuaienugeing

NNsAnwIanMeRmuganlunIshenasuInsgIUNInBunsEMensed HPLC tneldaniy

Tunshesen fie gaumgiaeduil  40°C meduuwiln Cs Apollow @38 guard column Cyg 63
a5393ALUY  Diode Array Detector (DAD) dafininuenindu 210 nm ilandeufidmsuns
As29INTABUNSE Ao 25 mM phosphate buffer Usu pH Tl 2.5 dredhsinisivansiii 0.90
aaanssou? Wudﬂﬂimﬁum%'éﬁgﬂmzaaﬂaﬁﬂﬂaé’mﬁdauiélm oxalic acid mum3e tataric acid,

malic acid, ascorbic acid, lactic acid, acetic acid, citric acid a2 benzoic acid ®1ua10u (AN

S fa Y v 1

7 4.3) N13as9NTMUINTFIUNTABUVSILIAINNTANATUINTFINNTABUNTENANUTUTUAIY U
U mdeansmssninganududy wasiunnsiveldlunisuinsmlunnsgiudalanadandly

AN 4.2

159115 “msfnvidSeuidisulinaailiuesd uwazgnsiueandinduvenantiouaeiiugsng” 61



mAU 1PDA Multi 1
1000

750

5004 1

3]

250 -

. UL

0.0 2.5 5.0 7.5 10.0 12.5 15.0
min

Al 4.3 Tasninunsuueansadun3siinssm : (1) oxalic acid (3.53); (2) tataric acid
(4.27); (3) malic acid (5.60); (4) ascorbic acid (6.28); (5) lactic acid 7.09; (6)
acetic acid (7.70); (7) citric acid (10.52) wag (8) benzoic acid (13.01) il

ALY HPLC

MTNN 4.2 UsEAVENIMNITIATIRENTUINTFIUNIABUNIERIE HPLC

Organic acids Retention time Calibration curve Coefficient of
(min) determination (R)
oxalic acid 3.53 Y= 1x10'X-1x10° 0.9999
tataric acid a.27 = 3x10°X - 1x 10° 0.9998
malic acid 5.60 Y= 2x 106X - 736670 0.9995
ascorbic acid 6.28 Y = 330994X - 323557 0.9994
lactic acid 7.09 = 1x10°X - 116769 0.9998
acetic acid 7.70 Y = 894452X — 17646 0.9999
citric acid 10.52 Y= 2x UfX-—214034 0.9998
benzoic acid 13.01 Y = 141364X - 110271 1.0000

anseunsAnetutlagiunandiiiuudrimdeudunalifdmannoguaim esnua

niaugaNlumensnduvsd a1suszneuilludn uaviimia (Koyuncu, 2004; Zadernowski et al,

2005; Ercisli and Orhan, 2007; Pawlowski et al., 2008; Zhang et al., 2008; Ozgen et al., 2009)

= o 4 a = Yo d’{ % a a 6al o w ' (%
m‘m'ﬂ,‘tmsmauwiﬁlm'iummau%Mﬂsuuiuﬂaﬁguu ATADUNIYUUNUIMNETIAYADANTUSNINATYATN
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vawald Tngvimiidulaurinmes Svled suwvauansinansiddalunssuaumsunluaddy
Astulawmsn Tadu waglushiu (Koyuncu, 2004) waldusaeiaduSununsndunidunnaneiu nia
sunidusiazviadinsinluldfuussluems Wy Tdlunissunsifneen@induazldnsnnisnizn
1ndn wazdnin Mifleusunsedenldnsamsniin wdn 3n3n uazuearesdn wieldlunsauey
onslleulunsagestnuaznsaiuuledn (Cunha et al,, 2002; Viljakainen et al.,, 2002) 910518914
naldnszpavestonulumensadunidvaneyin (Vijakainen et al, 2002) AXEIAYVRINTA
dunidlunaldfoUsslovisogunan  lnansndunidlusssumfsvinasienmuanvuzdelsvamduda
vaanalil (Silva et al., 2002) Sd'ssﬂums%’ﬂmammwLLazﬂmﬂ'wmﬂmmmssuaqmaiﬁ (Daood et al.,
1994) Tugmamnssuensaduvsdgninuildlunsiluansiueendindu asouenens  1dluns
Ufunsn uagldlunisuudsseilviamnsodiunsgeduldaty

INNTIASIENUTUIUNTABUNTE toA oxalic acid, tataric acid, malic acid, ascorbic
acid, lactic acid, acetic acid, citric acid 4ag benzoic acid lunaniauanaIeRuga1g 9 8
aneug LA wAssIrdun 60 U3THY 60 yuns 113 Wedlnd Winanes munswau waglsintuga
Ienafauandlunmil 44 uaznwdl 4.5 azilfimieunniudidnvazvesUiinauazaiinnga
duUNIGmlauny Imenwuln ascorbic acid Lﬂuﬂsmauw%ﬁwumnﬁqm 5998911A® benzoic acid,
malic acid way tataric acid audWy Tudnudmlewiuglimiuga fusuassedin 60 us

s

Weadlny wagnusuisue 60 TUSUN  ascorbic acid Winfu 23.40 + 2.32, 22.26 + 2.03, 21.18 +

39

a

2.19 uay 19.86 + 1.62 mg/g Wminan Jafivsunadinnaiu uanfivsunauginiviouiugouesad

o

v o

udAgyneadd  (p<0.05) sewmeunAovalauRugiwnaay (17.65 + 1.00 mg/g Umtnan) Wug

o

a

s (16,72 + 1.40 mg/g tniingn) fusfinavies (13.68 + 141 me/g Yntinan) waziugan
(10.63 + 1.17 mg/g duiinan) Usunauiinuaenndesiunuiteves Gundogdu wazamy (2011) 7
sreulIiwandeaum (Morus nigra L.) viaulas (Morus rubra L.) Wazsiauv1y (Morus alba L.)
fiUsuney ascorbic acid WU 11.302 + 0.241, 16.166 + 0.521 uay 24.422 + 0.067 me/e Umin
an ANAINU LURENAUTIBUYEY Ozgen WavAug (2009) WU ascorbic acid Tuwausieusn
(Morus nigra L) $1uu 14 aewug wagvleuuns Morus rubra L) $1uiu 4 anewug 1dee
Tugae 3-10 me/100 ml  waginuludrafeaiuiurnandousn (Morus nigra L) ﬁﬂ@ﬂmqmﬂ
nzfuseniduunilovesezulade Usemansh el d1uau 14 @esiug ascorbic acid 1dg 15.10-
18.70 mg/100 ml (Ercisli and Orhan, 2008) uaﬂmﬂﬁé’ﬂaaﬂﬂa”aqﬁ'mu%’aﬁuq PAfuinounth

‘fj (Koyuncu, 2004)
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Oxalic acid

T

mg/g Unlnan
O, =P NNLW
O U1 O U1 O U1 O Ll
| I [ I S |

Tartaric acid

0o
1

1%
o

YINLNER

mg/g
OOD N nY (@)

Malic acid

(@)
1

YNUUNER
iy
1

=

1
o

mg/g
N

(@)

T
Ascorbic acid

T

N
O
1

—
O
1

(%
o

1NUUNER
N
(@)
1

mg/g
)

(G5
1

>

Lactic acid

me/g Untinan
SO =, N W B U O
1 1 1 1 1

@

a a Ls a IS 1 a o 1o
UATINYEAUN 60 UI34Y 60 YUNT M \Weslud NABNDI NLNILLEY limqua

T T
v 6 1
Wugvaleu

AN 4.4 USUunsndunsguila oxalic acid, tartaric acid, malic acid, ascorbic acid wag

lactic acid Mwulunaiau
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UINLNER

mg/g

YNUUNAR

mg/g

1NVLINER

mg/g

YUNUUNER

mg/g

NN N

oONROONPONLOD

N e)

N R~ O

- m =

Acetic acid

i
o

T
Citric acid

Benzoic acid

T

Y

W83

@

UATIIYAN 60 UITUG 60 s 13 Wl

Wugvieu

finanes muwnanau  1siuga

AN 4.5 USunaunsadunsguiia acetic acid, citric acid, benzoic acid LaYNATINATABUNIINNU

Tunavsiau
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'
a = =

nsn benzoic acid LHunsdunIsinuaNNTesaIn ascorbic acd AdlasfiAndueny
sssumAeznuluguieglusudassuazdufuasuseneudug wuannlufivvanesin dndvgwuann
Tunalsinszgatesivszanas 0.05% lasiamzedndslunalign 1wy uesuuedd Jaweds 4
benzoic acid Baszagusvanal 0.03-0.13% wenanidmuldlunevidefifinannssnsuresdos
NNHaNTIeTEandun il 4.5 wuHamsiouRTIINy benzoic acid Basituiu Taswuin

1 v ¢

nilpunug el (15.10 + 1.40 mg/g Uminan) sugand (15.02 + 2.00 me/g Umtinan) waziug

9

Y a

lsiduga (13.40 + 1.50 mg/g Wwiinan) HUsuadliunnsnaiu udfasndivaouiiug dueeadl

o w

udAgyneadd  (p<0.05) sesasunAevalauRugiwnay (9.17 + 0.82 me/g Uminan) Wug

o ]

a 3

UATIIVENT 60 (8.15 + 0.16 mg/g drmiinan) WUGUISUY 60 (7.62 + 1.14 mg/g duidnan) wagiug
finanea (7.12 + 2.60 mg/g tmtinan) fugguwsnsaalany

nendunFgdug Anulutiinauilndifesiuresieuudazius tartaric acid wilurag 3.55
+ 0.86 mg/e Hwndn (Wuglsriuga) 89 7.10 + 0.42 mg/g dhoninan (Mugedlugd) Ysuna
tartaric acid ﬁwuqaﬂdﬂmmwmu%’aﬁum Gundoedu wavmmiz (2011) fisneauliimandeus
(Morus nigra L.) wiauwas (Morus rubra L.) wagudauw (Morus alba L.) 3USu1u tartaric acid
WwasWIAU 1.23 + 0.02, 3.36 + 0.01 way 2.23 + 0.01 mg/e druifnan snuddu vauedl malic acid
wulutag 3.07 + 0.30 me/g Ymidnan (MugUATTIVENT 60) G 6.70 = 0.12 meg/g Yaiinan (Wug
Fedlval) JeUsunm malic acid nusninfinulusieauves Gundogdu wagansy (2011) Ais1891u
TS navialous walouuag wazmlouafiusuia malic acid W@aBWINAU 13.23 + 0.01, 44.67 + 5.25
way 30.95 + 0.01 mg/s dhondnan muddu lactic acid wulugas 1.18 + 0.01 me/g Yminan

[y

(Wuga) f9 507 + 1.02 me/g dmidnan (fusyums) Ui lactic acid fmugsnindndenide
\Wisuieufuseauwes Gundogdu wavmmz (2011) fiseauliimandeus mleuwas uazmlieu
amiivsunas lactic acid wiswihifu 0.49 + 0.00, 0.74 + 0.01 war 0.74 + 0.01 mg/s Hwiinan
AENRU BauEd acetic acid wulutag 0.23 + 0.01 mg/g Yivtinan (Wuga1?) 89 1.68 + 0.05 mg/g
thwiinan (WuYLNT) (il 4.4) U3 acetic acid ﬁwugqmﬁLﬁﬂﬁaaLﬁam%mﬁauﬁ’uswmm
999 Gundogdu warmmz (2011) fisreauliimandous louuas wazmleuwniiusua acetic
acid @AW 0.19 + 0.00, 0.15 + 0.01 uaz 0.08 + 0.01 mg/e dminan audsu uay citric
acid wulughe 1.23 + 0.63 me/e vninan (Wugyuns) 99 7.85 + 0.63 me/g vmitnan (g
funauay) USuna citric acid finudenndeatiuanuddeves Gundogdu wazamy (2011) fisteauls
NHanioua1 (Morus niera L.) #iiaulas (Morus rubra L.) wagudeauuna (Morus alba L.) fiUTunu
citric acid AU 10.84 + 0.03, 7.62 + 0.02 Way 3.93 + 0.02 mg/s dninan audsu ogls
AenuuSunes citric acid Awusnitlusiesuues Ercisli way Orhan (2008) finuiwandeus 5 3l

Indfivsuna citric acid wagegluiig 21-41 me/g Uwmilinan LoNasanAHaTINYEINIABUNSE
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(%
Yo a U

asasesdiunUinaadlumlanall Wugideddud (55.03 + 2.42 mg/g Umiinan) waviugls

]

[y

Miuga (52.21 + 3.02 me/g Wmtinan) > Wugiunawau (47.74 + 2.10 mg/g drantinan) UGS

3

S 60 (45.91 + 2.46 me/g miinan) wAzIUgUATIIYELN 60 (44.31 + 2.38 my/g dudnan) >

WugITd (39.63 + 2.17 mg/g dminan) waz WugNnanes (38.98 + 2.07 me/g Umtinan) > Wug
YNNG (33.53 + 3.60 mg/g duidnan) (nnd 4.5) nsmduviasinulunalsilailginaduauesnanie
Fansadunddwariiazissnisiineendlaglunszuiunisiualudda Frunsadunidivanisadu

[ Y

psRUsznoundAgluems (Schobinger, 1988) nindunidaziuiulansutinilulassadsngdudou

a ¢ o o

Yretesiunisiinoanaaty (Balc, 1996) uonanidndueansadunasfutnaadinulunalssad

nasesamivesalidnde  wennielauarUuiunsadunislunaliidinunmuemwalsd

a 6 a a A J a [ L2
ﬂi@@uVliEJ‘UNGU‘UﬂlITWEJ\‘]’]U’J’]?LINﬁIG’I‘EJG]NG]E)ﬂWiﬂ’JU@Mﬂmﬂ’]‘wsﬂ’e}ﬂmaﬁ]ﬂm% (Ozkaya, 1988)

nsaaszsvdanazUsunuasusenauilludnlnewaila High Performance Liquid
Chromatography (HPLC)

HPLC JuAsatenldunnlumstinseiansuseneuiludnlugas 20 U filuan ilesann
asaunenansusenauiiludniinauiusglifvudlomiuiumedialasilvns oy anansaladeyas

AN azUSunanuuglunsin e i sasen
nsatasziUsuunanlaueun

MnMsAnwangimnganlunsuenatsinsgunatlaesd WuUEnsaLiy
Uﬁsﬁ‘m%ﬂwwmiLLEJﬂI@Eﬂ%iwumiLLsmLLUULmiLﬁsuﬁ%Q%’u (gradient elution) Asld@viNazaly
apawiafiflanmaudialividy  exdlalulasuazinduivhazanedldfuilulunssuiunsee
Sasernansiedraiionwansusznouratliuess  nnsneaesinandiifiundiin davh
azangaeswiaiiiaumnzaulunsldfumandouil (mobile phase) Lissanansauenaisus
avvineonantudnaulasldfiniifaenadosiumsveas®es  Amiot uasaz  (1995) uas
Lﬁawm'jwé’ﬂwmmaﬂmaa%ﬂmLaqa LLaz@mamﬁ’amq%mwwﬁﬂa”ﬂsmﬁaﬁ’umaamsﬂsmauﬂmh
vossilrdauendunlunisuen fuiulunisneassisddinisfunsaveanadsn 0.2% e
3BMsU8s Wang way Huang (2004) Iuﬁw‘hazmmﬁamuauﬁa% warnsuanddulessuvas
mylansenda trevhlinisusnansldfibedy Shadmesivhasaedléiudsunuamulusunsuds

LAASIUAISIIN 4.3
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'
v

Msni 4.3 Tsunsuildlussuunssedsuuwnaiiewidgiu

navithanien asazany A d@15azany B #nI1NITLna
(u19) (%) (%) (Haddnssioul)
0 80 20 0.6
9 71 29 0.4
13 67 33 0.6
30 50 50 0.6
35 40 60 0.6
40 80 20 0.6
55 80 20 0.6
mAU

400- 3 PDA M 1
| § |

300 g =&
‘ -

200 5] 8

100- g . N
| g | 3 a8

P ¥ | SB
0 2 4 \ O L' LS 1AV

0 10 20 30 40 50

Amd 4.6 Tasunlnunsuvesansusenounaauess (8.79) (+)-catechin: (10.26)
(-)-epicatechin; (12.64) rutin; (14.14) procyanidin B1; (18.05)
procyanidin B2; (21.52) myricetin; (24.50) tran-resveratrol;

(26.62) luteolin; (27.10) quercetin; (31.12) naringenin &
(32.28) kaempferol
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N136319NTMUINTZU (calibration curves)

NNMITATEasesgIuatuesdfemaiia HPLC vilinsuszozsnanfiaindeud
yednaansinegsumansdl  (retention time) uazdnwailasuilnsunsuvesansuinsgiunaly
ued  Lilemensidwinadsndusgdaidedinaiunsmiassuiaildlagnisdnas
ipsgrulsazaiainsuandudu Iinavesmsusznourianluesdduanslunisei 4.4 uasniw
7l a6 awsﬁ'gﬂmLL&Jﬂaaﬂm’ﬁmﬂaé’mﬂdau A (+)-catechin, (-)-epicatechin, rutin, procyanidin
B1, procyanidin B2, myricetin, tran-resveratol, luteolin, quercetin, naringenin Ay
kaempferol famiawidenrinfu 8.79, 10.26, 12.64, 14.14, 18.05, 21.52, 24.50, 26.62, 27.10,
3112 waw 32.28 WAl Auddy 9nasstsmuiaBnsifimuanBenlunsinasilasgan

A1 limit of detection (LOD) %Qagﬂusﬁ’gﬂ 0.05-10 mg/L wag coefficient of determination (R)

M15297 4.4 YseAnBn1nnIsiAIeiansunsgIunailiuessaie HPLC

Phenolic compounds  Retention time  Calibration curve Coefficient of
(min) determination (R)
(+)-catechin 8.79 Y = 089.0X - 4882.7 0.9998
(-)-epicatechin 10.26 Y = 5949.9X - 568.19 0.9996
rutin 12.64 Y = 52454X - 6272.2 0.9993
procyanidin Bl 14.14 Y = 21316X - 1005.7 0.9999
procyanidin B2 18.05 Y = 21953X - 989.91 0.9996
myricetin 21.52 Y = 62581X - 32510 0.9989
trans-resveratrol 24.50 Y =30173X - 75411 0.9984
luteolin 26.62 Y = 93464X + 4295.8 0.9999
quercetin 27.10 Y = 4395.1X - 2307 0.9986
naringenin 31.22 Y = 2244.5X + 2023.7 0.9995
kaempferol 32.28 Y = 92563X - 19808 0.9991

Usurauasnalause s lunaniou

Yagdiuansnueendindusssuniidniuuansnmasinsunnulisnuinnitansiueendindu

AUATIEY  LD9INENTANUDDNTATUFBATIEILNWADINNNNY  AETIIUNITANBINUINEITWING
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aaa

neliAnugiSaludelidin (Karpinska et al,, 2000) Msesasaueendiatusssud wu nlaiisea
6 a a a a 6 a aa = I~ 2
NSALRAADSTUN NIATHSN NSALNAN NIANISNSN waleavfiraladu Wudu (Basu et al, 1999)
& o a ) aa | | & a a aa vy X '
uanNlansiueenBindusssnvAnnudulngiduasusenouiluaninvas1eu LU
a1susznaualiueen 1 1nesdRu naesen wavluSiwiu (Bilyk and Sapers, 1986) uagAun3y
Wudu waznseilludn wu nsaea1dn (Dhiraj and Kalidas, 2003; Jack, 2004) nsaauiidn (Exner,
2000) n3WAN wagnsawlegdn (Ghosh et al,, 2006) Wusiu Inganstusssuyandnmuaudfily
ansiueendndudiulrylinnuaunsatunisiilalasiauveany OH Tuansuseznauiludn
mmmmsﬂumaé’fvé’fﬂmnﬁmaﬂ%mﬁmaqmﬁuagj TUATLLIALS LLa3ﬁwuaumaquyﬂamaﬂ%asmﬁq
lA59a39du vedlwana (0w 4.7) egeuautandAyvesansUssianil sihlvidninetaans
NYNYIUAUAINILAAIVDIATANUDDNTATULY WY BN WaluAUSInANwULUTEdN UI9anwuiad
535UNFDUY et NANALAEUTEYNALUUNERN S UNA199 Aok
nanaugaulumMeasinueanatudiuiuiin lnglangegrdnsiunguralivess
quercetin 3-(6-malonylglucoside) Fanuindauaudilunisiuesntiadugs (Butt et al,, 2008)
U‘%mmmaﬂaﬂauaaﬁ‘ﬁ%memﬁulﬂgﬁuagjﬁ’uﬂa%’whm louA Wugnssy anmwinden ilenie
Wnsunzdan wazanmidu Juiu TunesziuesnidewniievestsamealveinisUgnuteunans
% 4 ¥ 1 =) a v = 1 1 Q‘ % = 1
aneug taun uATIIYENN 60 USSue 60 Aailn Uew wazidedluil lnglanizegdameiugideddng
1 %} e‘n’lj a d' o % dy o 1 ¥ a 1
wisuameiusiuenanagliluluvsinangsdmsumsdesdnanad ganunlinandnuanyauly
USunauiigase “Lm'ﬁmsiﬂEmummmm’mwawﬁmqqﬁﬂ 1,000 Alansu/ls/d (dum, 2546) 910
ANYANVDINANUDUAINAD ﬁﬂlmﬁmsﬁﬂmmiﬁﬂwamiaulﬂufdsgﬂLﬂuwémﬁmsﬁ INFIYIUNUIN
1 ) I3 a [ [ 1 I ' %’ v
wavideuanaunsatluudssuilundndaeilussivgnaivnssusneg winane wu 1l diwald wew
wad weanald in vnalydl wavdouuwaUya Navdiouwtdy gneunaviou WavdousuwY AN
913 dwlsznevluasanniusiu ansaldlugeaivnssuen uwazomsdnd WWusiu
o 1 - & 1 o %} 6 ¥ 1 = =K
INMINanteuananeiuga1eg WU 8 atenug laun uasIwdnn 60 Uy 60
g 113 Wedlvd  finavies  Mumwau waglinnduga udesendsinaaslunguralivesn
wunansngurlaliuesannulunanteudn 1o (+)-catechin, (-)-epicatechin, rutin, procyanidin
B1, procyanidin B2, myricetin, trans-resveratrol, luteolin, quercetin, naringenin, WLa¥
kaempferol  &adunalwesaniignslunisiueyyadasvas  asnaluesdvianulunaniou
U3unugede (+)-catechin, procyanidin Bl uag quercetin nguiinuUSinaiunans fe (-
epicatechin, rutin wag trans-resveratrol kagnguiinul3unam Ao procyanidin B2, myricetin,

luteolin, naringenin W& kaempferol (mwﬁ 4.8, 4.9 uay 4.10)
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OH
(+)-Catechin (-)>-Epicatechin

Rutin Myricetin trans-Resveratrol

OH
o _‘,‘,\~©/HO
OH O OH O
Naringenin Kaempferol .,

OH

procyanidin B1 procyanidin B2
m‘wﬁ 4.7 laseas1eusenauluanuie (+)-catechin, (-)-epicatechin, rutin, myricetin,

trans-resveratrol, procyanidin B1, procyanidin B2, quercetin, naringenin La¥

kaempferol
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(+)-Catechin \Juasusznoumaaiivianisvesindituead (Polyphenols) A3dnAudly
wawesnuily (Tannin) (@rhaauuusasiands) wumnhlunuwasldsuanuaulannidesannd
ﬂmamﬁaéf’lu antioxidative, antibacterial wag antiallergic activities (Yen and Chen, 1995;
Kumamoto and Sonda, 1998; Yang et al., 1998) ﬁﬂﬁu?jﬂﬁmiaﬁﬂ (+)-catechin a1ntuwn ulalu
geamnTsvaINvane W Tugnavinssudiens lagihans (+)-catechin uwanluniuiuwan &y
puouth wAnAsivhgi Tugnamnssuen wandusluguuatgadmiuthaguam  uarldly
Namﬁmﬁﬁguq WU antiflu, air purifier, antiflu masks, catechin candy wagewnsdnd Wudu
(Fennema et al., 2001) 9NNTIATIEINANLIOUAIE HPLC WUIFIeeanantounnatenugnsg
WU (+)-catechin Li‘]umiWaﬂ’maaﬁﬁwummﬁqmsluwamjauim8WUELW"N 70.05+5.87 mg/100 ¢
hwiinan vesmavaleuiuglitituge S 183.65£6.08 mg/100 g Hmiinan vesHaHeuWLEN
(il 4.8) uenanduleuiusuasIvEin 60 WugyIsus 60 uaziudyumsiiuuin (+)-catechin
guduiulaediuTunaniy 100 mg/100 g drondnan FelUinaihfu 158.78+3.65 me/100 ¢
doinan 121.42+4.85 mg/100 g dhoninan uay 109.89+4.80 mg/100 ¢ dondnan madeu
yaugiugiuaLay miouiudiTodnd swugfinanes wagiuslsmidugaiiusinauiniu 85.1542.79
mg/100 ¢ vvinan 82.21+4.98 me/100 ¢ wwitnan 75.45+3.45 me/100 ¢ uwinan uay
70.05+5.87 mg/100 ¢ vmihnan auddu  lusienunsiseiivina (+)-catechin inuluna
yaloudsaglutag 70.05-183.65 me/100 g thwitinan wuihiiUiinageniainmesuees Tsanova-
Savova uavmAmy (2005) ¥sesuusing (+)-catechin finulunaldvanesie tdun woudla (0.93
mg/100 ¢ Ynwtinan), anund (037 me/100 g wmiinan), gnilw (1.23 me/100 g Hmiinan),
pziAam (7.34 meg/100 g dminan), neu (3.31 mg/100 g Yrinan), wossuu (1.51 mg/100 g
duidnam), weisiU3en (0.30 me/100 g 1hntinan), S1awess (1.36 me/100 ¢ vuidnan), wude
\es3 (2.09 me/100 g twiinan), @nsesiueds (3.11 me/100 ¢ vviinan), UgLuass (1.66 mg/100
g dminan), a4urn (10.83 mg/100 g dmiinan) uaz 94uY173 (5.89 mg/100 g doninan) wenanil
faganiineauluanddoves Mikes wazamy (2008) Jempauliinequiu  Graner Veltliner,
Hibernal, Malverina, Mduller Turgau, Rheinriesling, Welschriesling, Neuburger, Blauer
Burgunder, Lemberger ua¥ St. Laurent #USunal (+)-catechin agluyis 3.92-65.91 mg/100 g
thwiinan eg1slsfimutiina (+)-catechin AnulunavsioufiiiUimashniwalinsz garos3lual
%8 Lonicera laun Lonicera caerulea (298.3 mg/100 g 5mﬁfﬂam), Lonicera edulis (185 mg/100
g vwiinan), Lonicera boczkarnikowae (429 mg/100 ¢ vwiinan), Lonicera iliensis (122
mg/100 g Yhwiinam), Lonicera villosa (240 meg/100 g dniinan) waz Lonicera altaica (292.5

me/100 ¢ ﬁﬁ%ﬁfﬂﬂﬂ) (Jurikova et al., 2012)
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(--Epicatechin \Huaisusenaumaaiiviianisvesdwdiluead (Polyphenols) 1udnailn

989815 (+)-catechin WULINIUTNTL 1NNITIATIERUIIIU (D-epicatechin Turantauny

(%

USias (-epicatechin - anunsaiiesaduannysanasiilugalanad

o

mMunaay < Ananes <

Fedlvad < quns < 13 < uasvdn 60 < yitue 60 < lsftfuga (il 4.8) Taedldwindy
1.70+£0.25, 1.92+0.31, 2.10+0.31, 2.27+0.44, 3.06+0.46, 3.57+0.35, 4.11+0.72 wag 6.62+0.71
mMg/100 g thuiinan eddu Tusunuivieuiuglidiugadiuiina ()-epicatechin gendvisleu
Tugduegaiifedfynsadia (p<0.05) Tusreaumsifeiiusuna O-epicatechin finulunavieu
%qagjiuﬁaq 1.70-6.62 mg/100 g vmthan wudiivsnalndidesiuansenuves  Tsanova-
Savova wavAn (2005) Mis1esuuSana ()-epicatechin nulunalivanesiin taur weuida (5.14
mg/100 ¢ Yhuednan), anuns (4.70 mg/100 ¢ drinan), aniiy (0.04 mg/100 g duinan),
oxfinen (8.26 me/100 g vniinan), waa (0.42 me/100 ¢ Wmtinan), lwossmnu (.75 me/100 g
dmitnan), weissen (0.68 me/100 g iinan), S1EUesT (3.67 me/100 ¢ Yniinan), wude
\e%3 (6.01 mg/100 g hwinan), ansesiuads (0.18 me/100 ¢ vvwinan), UgLUass (3.29 mg/100
g duidnan), a4uen (8.70 mg/100 g Yuidnan) wArauY (2.78 mg/100 g doninan) uenainil
falunalndifssiunesilunuidoves Mikes uavany (2008) Fasrssnliinoguiug  Graner
Veltliner, Hibernal, Malverina, Muller Turgau, Rheinriesling, Welschriesling, Neuburger, Blauer
Burgunder, Lemberger uag St. Laurent #U3una (-)-epicatechin asﬂwﬁm 4.72-21.52 mg/100 g
dominan

Rutin umalwesdndelaluddanisiduasgitulaefivduas wuluomns desia
iy fn uezkalivaneyile deaandilunisduesndinduge (Holasova and others. 2001;
Krkoskova and Mrazova, 2005; Park and others. 2000) anansatielidudendasudausduaud
Huwwanngwieidensendiie mnmsinyifigaiudaingfuansatiengneimsuinenduidens
Fadudyarusudueinsislsafeaiududondt Hwanauiiladin  (Abeywardena and
Head. 2001) rutin usnanazwululunieu (Zhishen, Mengcheng and Jianming, 1999) waagany

L3

Turavaiaume INNANITUATIZAALAASIUNINT 4.8 WUIMHATUDUATIINU  rutin WU WAy
= o o a . ° vo &4 au ° ’~ =~ !
anansaiiesaAuIINUsIna rutin nenlugalanall Yssue 60 < Munaiau < Ainanes < Wedlny

< qguns < lsmfuge < wAsTvdmn 60 < 913 leefivSunauindu 3.09+0.39, 3.31+0.44,
3.84+0.55, 3.97+0.39, 5.02+0.45, 5.22+0.70, 5.80+0.71 wag 6.42+0.76 mg/100 g ‘11;’1‘1/lﬁﬂﬁﬂ
iy Tudnwaudvidouiugnnd Wusuassedn 60 Wuglitiiuga wasiugyumsiiviina rutin
Twmnsineiu winfusnaaandmdeuiudyisue 60 Wugrumeuay Wugiinanas wagiudidedlnl
ag1lidudAgyMeEna (p<0.05) UTuad rutin Viwu’lumamauagﬂmm 3.09-6.42 mg/100 g Wmiin

an ﬂ'%mmﬁwuqaﬂdﬂusmmu'ﬁ%’mm Chu uwagAmy (2006) wuluwanuswvnAu 0.77 mg/100 ¢
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thwinude vefiviina rutin Tukansieuresnuideiwueglurisiisenuwes Song uavAmy
(2009) BsleAs1zsiviann rutin Tunavsieudiua 38 aeiug S1uau 8 aldd lulszimadu wui
fiUsinauadsoglurag 4.5 me/100g thmiinusis (Wug Sinan 2 hao) 81 195.7 me/100g twiinuiia
(Wug Da 10 (Shanghai) wenamniviinas rutin fiwdlunanieulunuidediduiuutesniily
wWasnvesaquiewweu (Pourouma cecropiifolia Martius) Fanuluy3unas 15.54 + 0.21 me/100g
thwtinan wifiiviinaganitludevesequiusifeduTinaminty 026 + 0.12 me/100g Yntinan
(Lopes-Lutz et al, 2010) LL(?iLﬁaLUQﬁ'SULﬁEJUﬁjuaiuﬁuﬁ:Gi’mg] lawn Gruner Veltliner, Hibernal,
Malverina, Mduller Turgau, Rheinriesling, Welschriesling, Neuburger, Blauer Burgunder,
Lemberger uay St. Laurent iugnlumslivesansnsnsgdn wuiiiviinalndifssiulneiviun
rutin WAy 2.07, 4.30, 4.01, 3.23, 4.45, 6.86, 3.28, 4.62, 1.05 Wwag 2.20 mg/100g vminan
fUa1aU (Mikes et al., 2008)

Procyanidins  §meglungy  proanthocyanidin Juansusznaunalivessadanis Tu
ﬁiimma‘wﬂugﬂ Oligomeric proanthocyanidin Filulassasadl catechin uae epicatechin Ju
Tuianades wusnnluwdauasidenvesedu wasdmulunalinszgauesinasiin fe 1we3 ugiue
3 Sawest uarwasuuedd Sovslumsinihifa Fudeqdundd Fuouyedasy (Hummer and
Schreier, 2008) nHaMTIATIEiRaandlunInd 4.8 waznmdl 4.9 wudmavsounTIINY
procyanidins dimer ﬁ’jﬂ procyanidin B1 Wa¥ procyanidin B2 TRgnUin procyanidin Bl Ju

a1suszneunalIueeaiUiNauINgAsesaIn  catechin laganunsalsesdaauanyuTunu

Y

procyanidin B1 mnmldadldded finaves < Bedlud < fumuau < guws < y3ue 60 <
uAssd 60 < 13 < l3ituga leeduSunauwvindu 11.62+0.35, 12.48+0.62, 19.31+2.49,
03.12+3.33, 27.19+3.46, 34.26+4.07, 35.95+4.41 UA 50.83+5.46 mg/100 g minan ARy
Famiouiuglitiugaiiviinannniign ganivslouiugduedieiifddymisada (p<0.05) Uil
procyanidins dimer i procyanidin B wa procyanidin B2 finulunavsleufifivsinalndidssiu
walﬁngawa%’%'?ﬁuﬂ T¥uA wudawess (27 me/100 ¢ vhninan) (Gu et al, 2004) uavifmuess
(12.48 meg/100 ¢ twiinan) (Wu et al,, 2004) ogslsfmuiinainulunandeufigaininivuluna
WUAALABSISUANUG Ben Lemond (3.56 mg/100 ¢ duiinan) qama%%’lﬂ’uﬁ: Lan cashine (2.80
me/100 g twinan) teanesiuesa (10.62 me/100 ¢ vniinan) LAZLIALADSLIUANUS Red Lake

(1.97 me/100 ¢ Wmtinan) (Wu et al, 2004)
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Resveratrol (trans—3,4',5—trihydro><ystilbene) Lﬂua’liﬂfju hydroxystilbenes wusnnlueg
vanuvila Loy agu uazmaleu (Golkar et al, 2007) TuthagiuldFumuailasgannidesanions
TunsiulsaneszuuUseam (Bastianetto et al, 2000; Wang et al, 2002) Yasiulsaiila
(Bradamante et al., 2003) wendniidsdigrdlunisiuenlesillsdiua (tyrosinase) vilvidaaduds
msasadindresionds  Fedusslenilunsdudrunailuedesdorafiosnweinsiidindinung
(Shin et al.,, 1998; Kim et al., 2002) ds1g91uinnsianulunansiou (Chen, 2006) 91NN1SIASIZN
U3y resveratrol  Tunanmlauiugeneg wuiwanseuiUSunaegluyis 0.42-3.80 mg/100 g
hwiinan (nmil 4.9) Tnenamieuiusyunsivsinageianyindy 3.8040.78 mg/100 ¢ Ynutinan

] I~ 1 v

gandmlswiugousdaiidedAgneada  (p<0.05)  sedasnAevslauiug il (2.43+0.30

s

thwiinan) Wugiinanes (2.16x0.30 mg/100g thwiinan) WugUIsue 60 (1.41+0.39 mg/100g

thwitinan) Wiugunsswdn 60 (1.35+0.32 mg/100g tmiinan) Wuslirtuga (0.95+0.32 me/100g

v
o

Wmtingn) waeugand (0.75+0.04 mg/100g Wwitinan) NdaunugAwnewauiiuTi resveratrol
Pigawiniu 0.42+0.05 mg/100g Wwtinan Falusunawnnimuleunugaus egrelidedfgymig

v

aa 1 [ a = 1 sz |a (A a v
d06 (p<0.05) ’e)EJ’NISﬂﬁ?ﬂﬂiﬂ’]ﬂﬂ]WUiﬂ‘ViN@‘HWUﬁqu LU UN U UNITIVYVD Song

¢ A

wazay (2009) luwavdeuduiu 38 aneiiug Nuanluussmedu dUTunn resveratrol aglugag

3

(%
=]

0.21-0.53 mg/100 ¢ tminan wenaniiusunas resveratrol TunamioulusmAdeiiganirinuly
auiugenag laun Graner Veltliner (0.01 mg/100g ‘131‘1/1‘1??1’5’1@), Hibernal (0.03 mg/100g dhmitn
an), Malverina (0.03 mg/100g 1hwiinan), Mller Turgau (0.03 mg/100g twiinan), Rheinriesling
(0.02 mg/100g droidnan), Welschriesling (0.05 mg/100g Yuifnan), Neuburger (0.15 mg/100g
ﬁmﬁfﬂaﬂ), Blauer Burgunder (0.05 mg/100g ﬁ;ﬂﬁﬁﬂam), Lemberger (0.03 mg/100g duidnan)
uaz St. Laurent (0.01 mg/100g tmtingn) ﬁﬂ’gﬂluwﬂqiﬁmaaa']ﬁﬂim%’gl,%ﬂ (Mikes et al., 2008)
Luteolin 1uansusznaunaliuessioglungumailiugd (flavones) nusnnludnvaneeiin
Wy w3nlne waseon nevaUa Bnd wasdinduane ﬁqwééﬁuqﬁuﬁ (anti-allergy) wagAUAITONLEY
(anti-inflammatory) Tawadaldainiivde Perilla frutescens %ﬂagﬂmﬂﬁ Labiatae (Ueda et al,
2002) luteolin 7-O-rutinoside fafinldanaruniefuves Mentha piperita s?iqas;jlmaﬁ Labiatae
figvSFiun1svidsans histamined1n rat peritonealmast cells (inoue et al., 2002) 3NN1FTATIEN
U3uay Luteolin Tunansiauiugeingg wudmwavdeutiusunaeglugie 0.24-1.44 mg/100 g e
an (il 4.9) Tnenamisuifugyunsiiviinagsigavintu 1.44£0.04 me/100 g thwiinan genn
miouiuguetaditoddynsaia (0<0.05) sesawnAonieuiusidodlvsl (1.09+0.04 mg/100g

WUntingn) NUGUATIIYENT 60 (1.03+0.04 mg/100g Umtinan) Wuginanes (0.92+0.02 mg/100g

Wmtingn) ugiwnasay (0.61+0.15 mg/100g Umitinan) wagiugand (0.31+0.05 mg/100g

]

[y o

Wmtinan) ydeuiugiusy3sue 60 Wuglsnuga (0.24+0.01 mg/100g Wwmitngn) HU3ua
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v o w a

luteolin ﬁwadmﬂauﬁuﬁjﬁuq ad1elitedAgyn1eedn  (0<0.05) Gunauiinuluwamiouidiivsuna
Tndostunalddu Toun U@JLU@%’% (0.8 mg/100g Yminuria) BjuLAY (1.4 me/100g dmednuire) d
(1.5 mg/100g thoinusia) wé (0.9 mg/100g thuiinusia) anserueisuazuAsuuesaiuSinamniy
0.03 mg/100g twitnua (Franke et al, 2004) eghslsfinmuusuna uteolin finulunaiowfid
U%mw‘i’m’jwalﬁngaLU@%%’Iua?J%é Lonicera l$un Lonicera caerulea (6.0 mg/100 g tmtin
an), Lonicera iliensis (13.60 mg/100 g vhuidnan) uay Lonicera villosa (4.70 mg/100 ¢ Yhmitn
@) UJurikova et al., 2012)

Naringin (4,5, 7-trihydroxyflavanone-7-rhamnoglucoside 739 naringenin-7-
rhamnoglucoside)  1uansusznaunaliusesiieglungumanluud (flavanones) wusnnludy
(Citrus paradisi) fnnds 10% dwdnuks dealvihduiisaon Ortufo et al, 1995) Sqndsu
12159 (Guthrie and Carroll, 1998) wazdnunzlviiuluidudeninUnf (Samman et al,, 1999) 270
NFIATIRNUSHI naringenin Tunansleuiuganeg wudwanisuiiUSunaegluyie  0.15-1.23
mg/100 ¢ tmiinan (n1wil 4.9) TasnavsouiuiTedliuunnugefigainty 1.23£0.07 me/100
¢ vwithan  gendwmouiusBuogaiidddmeedi  (p<0.05)  sesasAenouRusYLNT
(1.18+0.05 mg/100g thwiinan) Wugfinanas (0.77+0.03 mg/100g twiinan) Wuga1 (0.33x0.04
Mg/100 ¢ tmiinan) WusyFie 60 (0.29+0.03 me/100 g ywitnan) WufuasTwAL1 60
(0.26+0.04 mg/100 ¢ dhuiinan) Wuglsntuga (0.23+0.02 mg/100 g daninan) wagiug
ALnabkay (0.15+0.01 meg/100 ¢ dmidnan)

Waluead (flavonols) L?Juﬂa;umsvxlmhuaaﬁﬁﬁLmuiﬂiaa%wqL‘TQJu 3-hydroxyflavone
wWalueadnulaluinuagualsl mﬂumjwﬂﬁuﬁ myricetin, quercetin Way kaempeferol 27N
eewidenuiiigninisdiniwmateegne Wy dugiud dunmgluilududeniaund  fu
Sy fudogdunds dusondiadu uaztostulseviila (Manach et al., 2005)

myricetin wuinlUluemsnaneviin 1wy veu auulns oguuas wazwalinszgaiuess
myricetin figalunisduugids Funmsdniay fuummniu digsaues wagthyeila nsafenn
7 4.10 lunamiounsanuysina  myricetin sndalauessdu Tnensianulugng 0.10-0.30

mg/100 ¢ uwiinan @nsadesEduanUSinas myricetin ﬁms‘mﬂqﬂﬁé’aﬁ AUNILEY
(0.10+0.00 mg/100 g vhuidnan) < 13itiuga (0.15+0.01 mg/100 g droninan) < uass1wdn 60
(0.16+0.01 mg/100 g tmiinan) < 273 (0.18+0.01 mg/100 g ¥wtinan) < finanea (0.22+0.03
mg/100 ¢ vmihan) < Wedlwl (0.22+0.02 me/100 ¢ vwdnam) < U35ue 60 (0.28+0.02

mg/100 g dninan) < Yung (0.30£0.04 mg/100 g B
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NTEULeT Sultana WAz Anwar (2008) asrawuanzlunduuaraseueds wenaniuiuind
wufninfiseaulilunuddeves Mahmood uazaniy (2012) Fsldseauliimsaany myricetin
lunavdouaneniugeingg lowA M. laevigata (20.0+1.7 mg/100 g dminuse) M. macroura
(22.5+1.3 mg/100 g Uminusia) M. nigra (56.1+4.8 mg/100 g Yntinuiia) uas M. alba (88.4+4.8
mg/100 g twinusia)

quercetin  WuansrlaliuesafilusssumanulugUveserndelan  (ulassaireillinana
thanadueg) quercetin fuafiroguammansogng Wy Preuiudsssuumuieuladin anameides
AENISAANLISY  AIUNIEONEULAYINSUNANGY  quercetin wusnnludn  wavnaliivianavile
Taslonnzegsddlunalinszgauess anmsiinsesiviina quercetin Tunavsiouiugeineg wuin
navsiouiiUinaieglutag 0.77-15.26 mg/100 ¢ wmiinan (1wl 4.10) Tnenavsouiugyumsd
USinaugefigainfu 15.26+1.53 me/100 ¢ dwiinan gandwlouiugduesedideddymeada
(p<0.05) sovannFevaiouiugiTedlu (13.50+1.02 mg/100g thwitinan) Wugfinanes (10.84:0.80
mg/100g tmiinas) WusuAsIIwALT 60 (10.18+0.69 me/100 ¢ uwiinan) Wufy3¥ue 60
(2.85+0.46 mg/100 g uwinan) WugII (1.47+0.08 me/100 g dmitnan) Wuglsniuga
(0.80+0.03 mg/100 g druinan) wagiug A nakaw (0.77+0.02 mg/100 g doninan) Usinasiinu
TusmiAfededlutsiinlusemidoves  Mahmood uwazane (2012) Faldmenulihasany
quercetin Tunavseuaenugsineg lawn M. laevigata (145.7+8.4 mg/100 g draninuse M
macroura (21.7+1.3 mg/100 ¢ tminuie) M. nigra (11.7+0.8 mg/100 ¢ Wminuise) uaz M.
alba (0.7+0.1 meg/100 ¢ wwninui) uarlusiecddoves Chu wazamy (2006) wuluransieu
Wiy 1.52 mg/100 ¢ dmnueednslsinuaiiusmnamnitlusienuues Sultana uay Anwar
(2008) WuUSINEL quercetin lunavslewyinfu 35.94:0.72 mg/100 g vamednuws) wazHallinszna
Wesstualdd Lonicera loun Lonicera caerulea (298.3 mg/100 g vmidnan) way Lonicera
edulis (10.50 mg/100 ¢ Ymiinam) Uurikova et al, 2012)

USas kaempeferol TunamisuiuTunamanssiuluusassiug Tnefiviinagsigaminiy
0.37+0.04 mg/100 g vuinan (Mdouiugyuns) LLﬁBﬁU%@J’]ﬂJ@%’]?j@LVi’]ﬁU 0.04+0.02 mg/100 g
thwiinan (mleuiusumauay) (nwil 4.10) Fedinaiinilndifestuimainlusandeouain
ATeves Chu wazaniz (2006) wulumamdewsiniu 0.25 me/100 ¢ mdnuis egnslsinu
Usinaufinusndilusiesures Sultana war Anwar (2008) léfnwiansusznaunaliueadiéiun
myricetin, quercetin waz kaempeferol Tuwaliiuiinmigg wuin kaempeferol Wmnﬂﬁfjﬂiuma
wilou (28.43 me/100 g W) Sesaunfoansoiuass (19.26 me/100 ¢ twiinusi) wazvuey
Ja (3.16 me/100 g twitinue) wazezfinen (0.58 me/100 ¢ Hmtnuie) wazaInNTIBUves

Mahmood uagaz (2012) l95189uli11n599mu kaempeferol luranmiouaneiiugaigg laun
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@ (+)<catechin
[ procyanidin B1
[] quercetin

[ rutin

B ()-epicatechin
tranresveratrol
[l procyanidin B2
[] luteolin

AN 4.11 wansdnaruvasalrussannulunantou

M. laevigata (56.1+3.9 mg/100 g ¥sinuike) M. macroura (8.140.4 mg/100 g tmtinuwe) M.
nigra (31.7+1.9 mg/100 g vminuse) waz M. alba (5.2+0.2 mg/100 ¢ Wminuia) Feilaany
wansseInTenuiissansenulumhedminuid wihlvivsinasnni pg1alsAnuAll
U'%mmqmdwwé’w’?faﬁﬂ%mm kaempeferol WU 0.07 mg/100 g drondnuie (Sultana and Anwar,
2008)

HaTINTesUTIUalueEAaNIANUT anansalsesdsiunysinaadlualacail

v N

WU§INT (233.08+8.28 mg/100 ¢ draniinan) waziuguATIINEL 60 (221.82+8.75 mg/100 g

]

s

wwitinan) > Augyans (163.46+6.07 mg/100 ¢ Uminan) wazugys

o

Ny 60 (161.83+7.60

v

mg/100 ¢ wmiinan) > Wuglstifuga (131.83+7.72 me/100 g vwinan) wawiugiesll

s

(120.36+5.42 mg/100 g dominan) > WUGAUNAEY (111.72+6.35 mg/100 g draninan) wagug
Wnanes (108.73+3.81 mg/100 g drandnan) (it 4.10) Faslefinnsandndiuvesatlaussdusay
villusnavsiouwudn  (+)-catechin  Sldndiugefianiniu  72% sesawnAe  procyanidin Bl
(17.15%), quercetin (4.17%), rutin (2.63%), (-)-epicatechin (2.02%), tran-resveratol (1.04%),
procyanidin B2 (0.51%), luteolin (0.48%), naringenin (0.35%), myricetin (0.13%), uag
kaempferol (0.11%) (nndl 4.11) uandlidiuinansiousinaliuesdndnfie (+)-catechin uaz

procyanidin B1
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A15ATIZRYSNnsaNluan

Pinmsinwannsiivinzadlunsuenaisnsaifliudn 11 wile  l6un  callic  acid,
protocatechuic acid, p-hydroxybenzoic acid, chlorogenic acid, vanillic acid, caffeic acid,
syringic acid, p-coumaric acid, ferulic acid, sinapinic acid iL&¢ cinnamic acid Wuiﬂmmmlﬂm
Uﬁzﬁ‘m%ﬂwwmiLLEJﬂI@Eﬂ%iswmiLLsmLLUULmiLﬁsJuﬁ%Q%’u (gradient elution) Asldfvinazaly
apawiln Ao NIMELdAN (acetic acid) warerdlaslulad (acetronitrile) MNNsNAABILLARSITHIL
W fhvavanedeswisidrnumnzadlunsiiifunandewd  (mobile phase)  iesan
A1UNTOUYNETUABETUADDNIINAUTALIU

dlodmszinsaifludnusazaiingas HPLC hlildssosnandiandoudivednsansimong
Wulansdl (retention time) wazdnwaelasulvsunsuvesansuinsgiunsniludnsauandlunmn
‘ﬁ 4.12 miﬁgﬂ%mwﬂaaﬂmmﬂﬂaé’mﬁﬁau R gallic acid, protocatechuic acid, p-
hydroxybenzoic acid, chlorogenic acid, vanillic acid, caffeic acid, syringic acid, p-coumaric
acid, ferulic acid, sinapinic acid Wa¥ cinnamic acid fnahandowshiu 8.07, 14.26, 22.42,
2584, 28.89, 29.74, 32.34, 42.05, 47.13, 47.81 way 53.18 YN AUAGU Lﬁamﬁmswﬁ@ﬁ
Uinansailudnlusegrdniuegnideiidestimsairansmumsgudsililnonisdaansumnsgu

1 a d‘ ¥ v ¥ = a L d‘
wiavvlannsiuanududu lonavesansiinsgiunsailudnaauanslunisnei 4.5

mAU
1000

PDA Multi 1

28.891
47.138

14.263

750

22.423
32.720
47.818

52.184

29.743
42.052

5004

8.074

25.845

250

min

A 412 Tasulnwnsuvesnsailludn (8.07) gallic acid; (14.26) protocatechuic acid;
(22.42) p-hydroxybenzoic acid; (25.84) chlorogenic acid; (28.89) vanillic
acid; (29.74) caffeic acid; (32.34) syringic acid; (42.05) p-coumaric acid,;
(47.13) ferulic acid; (47.81) sinapinic acid e (53.18) cinnamic acid
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M15997 4.5 YsgAnSInNITIATIeREnsuInsgIunNIailuanae HPLC

Phenolic compounds Retention time  Calibration curve Coefficient of
(min) determination (R)
gallic acid 8.07 Y = 64396X - 10515 0.9999
protocatechuic acid 14.26 Y = 39519X + 9836 0.9999
p-hydroxybenzoic acid 22.42 Y = 33704X + 25489 0.9999
chlorogenic acid 25.84 Y = 40666X - 27095 0.9997
vanillic acid 28.89 Y = 41509X - 45214 0.9999
caffeic acid 29.74 Y = 87715X- 80737 0.9993
syringic acid 32.34 Y =72701X + 64635 0.9997
p-coumaric acid 42.05 Y = 122053X + 138539 0.9975
ferulic acid 47.13 Y = 74831X - 32509 0.9997
sinapinic acid 47.81 Y = 52105X - 14928 0.9994
cinnamic acid 53.18 Y = 21271X - 222845 0.9994

Usuaunsanluanlunaviday

nnsAnwsinvesnsailudn laun gallic acid, protocatechuic acid, p-hydroxybenzoic

acid, chlorogenic acid, vanillic acid, caffeic acid, syringic acid, p-coumaric acid, ferulic acid,

v [

sinapinic acid 4@ cinnamic acid luranioudnuiu 8 aeiug laun WuduasTvaun 60 Wugys

9

£ 6

$ue 60 Wugyuns Wwgad WugTedlml Wugiinaves Wudiunsiay wasiuglsituga sl
TulsuyniuglianvarveslSuauasstiansailudnmiioudu lnenuinseilludnuia allic acid,
cinnamic acid, p-hydroxybenzoic acid, chlorogenic acid Wag caffeic acid Dunseluanudndi
wolunamleuaesiusildlunsiinu  (amil 4.13, 414 uaz 4.15) adenndefusuideves
Mahmood uazmmy (2012) finuimandeuiinsailudnuda p-coumaric acid, chlorogenic acid

e p-hydroxybenzoic acid Junseilludnudn anmanen i 4.13 Tunanseunsianulsunu

[
Yo a

gallic acid Tuw9 1.36-6.25 mg/100 ¢ Yoninan 'mzmmSmé’wﬁ’umﬂﬂ%mmﬁﬂﬂqﬂﬂmu
ALWaLkaY (1.36+0.25 mg/100 ¢ Yminan) < uAss1vEANN 60 (1.60+0.35 mg/100 g doninan) <
213 (2.71+0.35 me/100 g Wwitinan) < U35ue 60 (3.15+0.46 mg/100 g dminan) < lsitiuqa

(3.63+0.43 mg/100 g drminan) < WiNavnes (4.44+0.61 mg/100 g duidnan) < @eslm
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(4.80+0.79 mg/100 g dmitnan) < YUNS (6.25+1.02 mg/100 g duian) Usinadfinuidenades
fusnAdeves Memon waray (2010) finudnmieu 3 a3 1dun Morus alba L., Morus nigra L.
way Morus laevigata W. U3 gallic acid aBswiniu 3.57, 4.21 way 9.69 mg/100g dominan
auddy deieuiieutunaneulualTdaneg Idun M. laevigata W. (14.2+1.4 mg/100g
dandnuika), M. macroura (9.8+0.7 mg/100g Umiinusia) M. nigra (8.3+0.9 me/100g thmiinuria)
ez M. alba (8.1+0.5 mg/100g twiinuke) (Mahmood et al, 2012) WudndiUTIngenIluma
mipuvomAfeiidntos gdlsinuuiinu allic acid fAgindwalinszgaiesiviadu Idud

3

AUess (0.57+0.05 mg/100g) fAauesd (0.12+0.05 mg/100g) wuAaLABSUA (0.56+0.06
mg/1009) amsaluDsd (0.16+0.02 me/100g) uetida (0.01:0.00 mg/100g Hminam) ey
(0.02+0.00 me/100g) vauriingaaluinuludu (Russell et al, 2009)
vilouiudiodlniuagiuguunsiviinunseilludnuia p-hydroxybenzoic acd unfian
fieadewiu 7.13£1.02 me/100g Uinan uar  6.18x1.12 me/100g Ymiinan a1y

[y

sosaunfeusinanes (4.92+0.61 mg/100g twidnan) Wuslidiiuga (4.77+042 mg/100g

v 6 a o

dwinan) WuguasswEn 60 (4.14+0.30 mg/100g twitinan) WugId (2.98+0.26 me/100g

q

s

duinan) WugUSTUY 60 (2.89+1.10 mg/100g duiinan) wazuSAuNaa (1.77+0.13 mg/100g
dminan) Usinasinudenndesiunuiseves Memon wazamy (2010) inuinvou 3 aUTe loun
Morus alba L., Morus nigra L. Wwag Morus laevigata W. §UTunu p-hydroxybenzoic acid Wy
Winfu 5.21, 4.73 uaz 2.79 mg/100g MudAy uanvganiilensSsuiiisudunaliinszgauesivie
Suldun 1aUeds (3.330.65 me/100g) WUAMABSELS (0.43+0.09 me/100g) weUida (3.41+1.86
mg/100g) 8y (0.12+0.06 mg/100g) wawdy (1.74+0.63 mg/100g) BnLiuaRTeLUess (19.39+1.98
mg/100g) (Russell et al, 2009) uazwamioulualidengeg laun M. (aevigata W. (7.3+0.7
me/100g vminuie), M. macroura (26.1+1.8 mg/100g wwiinusia) waz M. alba (13.3+1.2
mg/100g twiinuke) vassdt M. niera msalainy (Mahmood et al, 2012) ﬁﬁﬂ%mmqmdﬂuma
mipulunuideilifintos wandliiftuinondougaslufensailuingidy uasiviinaguiledio
furaldioindun Sﬁaaﬂaﬁlé’%mf’;aaﬁfuawuﬁagaw‘[mmmiﬁﬁﬂ AQUDINAN DU

nsailludnuidn chlorogenic acid Judnuiandafinunlunandeu aenndesiunanis
naaosiiliannauideuess Ok wazamz (2006) uay Gundogdu kazany (2011) finuin chlorogenic
acid  wazlelwwesvensailuaniifunsailludnndniinulunamiou  Snvididenndosiunanis
VAADIURY lsabelle wavAniz (2008) fiwuin chlorogenic acid (3-caffeoylquinic acid uwag 5-
caffeoylquinic acid) Aensaflluaniinulunaniouvesaewus Guo-2 annafanInd 4.13 wamiey
wiagugiu3uae chlorogenic acid wansneiuseniy Tnewulugag 1.38 mg/100g vniinan (g

3518 60) B3 6.95 mg/100 g thwinan (Fuglsi1liuga) Usinm chlorogenic acid finulunamiou
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fiusunasnilunandeuainauideues Gundosdu uwaremz (2011) fisneauliiwanious
(Morus nigra L.) vlauuns (Morus rubra L.) uagnsiouwna (Morus alba L.) U311 chlorogenic
acid WU 310.6 + 0.4, 56.9 + 0.1 wag 11.9 + 0.1 mg/100g dhmihan audu wazsninde
\Wisuieutunamiouluadddeneg Wun M. laevigata W. (12.9+1.1 meg/100g vhominuse), M.
macroura (23.2+1.7 mg/100g drminuie) M, nigra (6.8+0.1 mg/100g drondnui) waz M. alba
(17.3+1.8 mg/100g 1winusia) (Mahmood et al, 2012) LLasﬁﬂﬂdﬂﬁwﬂuLﬂﬁaﬂLLazLﬁa%aqaéu
Unawugeu (Pourouma cecropiifolia Martius) FanuluuSunns 68.54 + 531 me/100g Yraninan
Wy 21.04 + 3.43 mg/100g dnidnan audg (Lopes-Lutz et al., 2010)

Caffeic acid (3,4-dihydroxycinnamic acid, CoHgOy) LﬂuaﬂinaaqzﬁﬁLﬁ@%uiuﬁiimﬁ@
%’mLi‘]uﬂimméuaﬂ%ﬂ%qm%sﬂugﬂﬂm5353%’%9%5141,%1@5%L:ua% viiedeusieansusznay
sunilusurosnglaled  uasioawes  HuasweluladiAstuluidimnenuosd  (Hund
weswosdmiuiiThduaseianiu  caffeic acd wulunald fn w3osnd waziA3asdn nsnaN
Sniliaeawmnes  (caffeic acid phenethyl ester, CAPE) MduUseleawiivneen Tneduansusenauiidl

s

grdsuasnausiss Aunmen1senay waslinuautRuiuiuglidui annsfineinudn caffeic

Y 9

= a

acid ansnsodueenBady aunsafdneyyadassuasinsadiedaatos venanddaldtumnm
aulasnnlupuaudinisiuesntinduveteyyaeendiaudasely  (Chen and Ho, 1997) a7
nsAnwigadudIansadestunisiinesndintuveinsndluadn  (linoleic acid) war low-
density lipoprotein (LDL) ﬂ@ﬂﬁmﬁlaL?JIE]LLaSaL’e)uL’le\]WﬂmiQﬂﬁWmEJﬁ’JSﬂﬁﬁ%m@@ﬂ%m%u (Meyer,
1997) 91nHaNsANKIFINM 4.14 WUl caffeic acid Wunseifludndnvdemdsinumnnlusamion

wuiy Inenuanfiastundeuiuglsituga (8.17+0.20 mg/100g Wwtingn) Usuiaugandivseu

A ! IS o w a

Wugduee 1 ltudAyn19aDa (p<0.05) JosRIABNNAUIUGUATIIVANT 60 (2.49+0.14 mg/100g

1
Ly a

thwiinan) Wusyums (2.57+0.26 mg/100g thwiinam) Wusfinanes (2.37+0.12 me/100g tuiinan)

(% s

Wugeslvy (1.88+0.06 mg/100g Yhuidnan) WugYITUe 60 (1.06+0.05 mg/100g drinan) uas

L% s

Wugnumawau (1.06+0.04 mg/100g dmiinan) mmzﬁwﬁauﬁuénﬁm’mhjwu S caffeic acid
FnvlunandeufiUSinasnindndoslunaniouaineuddeves Gundogdu uwazamy (2011) 4
sreulTIwantaum (Morus nigra L.) wiaulas (Morus rubra L.) waywiauv1 (Morus alba L.)
fiUsunas chlorogenic acid Winfu 13,1+ 0.1, 11.6+0.2 uay 13.30.0 mg/100g umiinan gy
ogslsfmuAiivSinuganinilenioudisuiunaliinszqaesiviadu 1éud s1awess (0.23+0.06
mg/100g) AalUasd (1.32+0.14 mg/100g) UUAALADSIUA (3.7320.04 mg/100g) 84U (0.70+0.10

mg/100g) uagdy (0.10+0.08 mg/100g) (Russell et al., 2009)
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p-coumaric acid

AN 414 Usunaunseluanyiia vanillic acid, caffeic acid, syringic acid Wa¥ p-coumaric acid

Tunansiau

153 “nis@nwiuieuiisudsnnaumialiuess uaggnssusendinduvemaniieuaeiugengg”

87



Protocatechuic acid wulutas 0.01 + 0.00 me/e Twiinan (Mugealn) 83 7.89 + 1.20
mg/100g tviinan (Wugfuneuan) vnzfivusyisug 60 waeiuslsdtuganmdliny (nwd
4.13) USunadinudenndasiuauideves Memon wazeaae (2010) finuitmdew 3 ad3s loun
Morus alba L. wag Morus laevieata W. iUSu1ad protocatechuic acid RS 2.69 uaz 1.67
me/100g wAvSinawnnddinulualde Morus nigra L. (2638 me/100g) eealsAnuyduna
protocatechuic acid ﬁwugaﬂ’jﬂmﬂiwmu%’waq Gundogdu wavmmy (2011) Aisneeuliinne
nuauA1 (Morus nigra L.) wiaueas (Morus rubra L) wagndauwn (Morus alba L.) HuUSued
protocatechuic acid WwABWAU 1.7 + 000, 1.2 + 0.06 uas 1.5 + 0.1 me/100g droninan
ANAIAU LLaswuqmdwLﬁam%wﬁwﬁumalﬁﬁuﬁmﬁuﬁ] IHun saweds (0.380.08 me/100g) e
\Wed3 (2.72+0.21 me/100g) WUBALABSLSLA (1.04+0.17 me/100g) d@nsaLuss (3.90+0.20 meg/100g)
n&e (0.02+0.02 mg/100g) waula (0.33+0.08 me/100g) 94w (0.16+0.06 mg/100g) Uazdy
(0.25+0.11 mg/100g) (Russell et al, 2009) mmLLmﬂsi'mLﬁaau'mﬂmaﬁuﬁ: ﬁuﬁﬂqﬂ
an1niInaeu gle1nie i’JiJVlz\iLVlﬂ‘ijﬂIum’i@JLLa%JﬂH’] Judu

[y

Vanillic acid wulugas 1.04 + 0.03 mg/100g wiinan (Wugy

AN ¢

3308 60) 9 2.36 + 0.15
mg/100g vminan (RUgrwnasaw) (AWl 4.14) FsU3unas vanillic acid finusniniinuluseny
483 Mernon wasAniz (2010) finuiivden 3 @38 Iéud Morus alba L. wae Morus laevigata W.
fiu3unas vanillic acid waswintu 3.70, 1.63 uaz 7.95 me/100g aedlsfimuusuas vanillic acid 7
WURlN&LAIRUTI8WITevee Gundogdu wasaniz (2011) fiseauliinaniaws Morus nigra
L) waleuuns (Morus rubra L.) wagvislonun1a (Morus alba L.) fusunas vanillic acid waswiniu 3.6
+£0.02, 2.4 + 0.9 uay 0.8 + 0.3 me/e twinan mudsu warnulndieadiowssuiiteuiunals
wilndue Hun auedd (2.45+0.63 me/100g) ﬁawa%’%’l (1.32£0.14 mg/100g) WUAALABIISUA
(1.50+0.25 mg/100g) @n3oLUS3 (9.84+0.37 me/100g) wazdy (0.48+0.13 mg/100g) (Russell et al.,
2009)

Syringic acid wulugag 0.32 + 0.02 me/100g Ymdnan (Wugrwmaua) fe 3.42 + 0.13
mg/100g thwingn (MugLdedln) (il 4.14) Ysunadinusinitlusieauddeves Memon was
Aty (2010) finudmsiou 3 aUTd léun Morus alba L. wae Morus laevieata W. USunay syringic
acid WALWINAU 8.48, 1.59 waz 7.78 me/100g wazUSiamnitansieauideues Gundogdu way
Az (2011) fiseeuliiuandeusn Morus nigra L) vidouuns (Morus rubra L) wasnsieuun?
(Morus alba L) fiU3unas syringic acid waewinfu 10.3 + 0.00, 8.3 + 0.1 waz 4.9 + 0.2 me/100g
duidnan suaeu wagnugenIlunalg (0.02+0.01 mg/100g) wouida (0.11+0.06 mg/100g) uax

wavdu (0.25+0.07 me/100g) uirNITuTaLUas3 (10.75+4.72 mg/1009) (Russell et al., 2009)
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= a A A @ a e Y a [ 1 1 9 a . .
nsawludnuiindus Anvludinailndifesiuvemdoudasiuglosfn p-coumaric acid

v

wulurrsimniinseiludnviaduq e 0.01 + 0.00 mg/100g Umiinan Giuglsftfuga Wusfina
199 Wagiugad) fa 0.13 + 0.03 me/100g Ynniinan (Fuguums) (M 1wl 4.14) wag ferulic acd Wy
1939 0.51 + 0.02 mg/100g Wwitinan (Wugnanes) s 1.48 + 0.04 mg/100g Unitinan (Hw§II)

YugPiugeslnaingialiny sinapinic acid wuluyie 0.36 + 0.11 mg/100g Umitinan (Wugyuws)

fi9 1.82 + 0.08 mg/100g Wwtinan (WugI3) VausNMUGUITUS 60 wasiiuglsnuugansivliny
waz cinnamic acid wuluwie 2.01 + 0.41 mg/100g Wwtinan (Wugmumauaw) f9 3.38 + 0.36

mMg/100g Hmiinan (usuns) (amdi 4.15)

v 1

a = a o i = o w a oV v & o
Naﬁ'ﬁlmaﬂﬂiﬂ']ﬁuﬂiﬂWIuaﬂ‘VNWﬂJ@WU'ﬂ a']ll'ﬁﬂLﬁﬂﬂaq@Uf\ﬂﬂﬂiu']ﬁuqul,ﬂmfﬂﬂﬂﬂu NUT

9

o

1simiuga (29.91+2.11 mg/100 g dmiinan) WUGYUNT (28.31+3.05 mg/100 g dminan) waziug

9

Foslml (25.1122.30 mg/100 g twinan) > Wuginanes (22.55+4.02 mg/100 g dhninan) >

WUSAUNILaY (17.91+1.42 mg/100 ¢ ﬁmﬁﬂam) NUSUATIIVANT 60 (16.99+2.41 mg/100 g

9 9

oe

v s

wwitinan) Wugand (15.37+2.51 me/100 g doiinan) uwasiusuIsue 60 (14.0122.42 me/100 ¢

9 9

oe

Y

midnan) (nnd 4.15) Fadlefinnsandndruvesnsailudnusazedalunaniounuin sallic acid 3
ﬁﬂdwqﬁqmﬁ’lﬁb 37% 99989U1A8 cinnamic acid (30%), p-hydroxybenzoic acid (10%),
chlorogenic acid (6%), caffeic acid (6%), vanillic acid (4%), syringic acid (3%), protocatechuic
acid (2%), ferulic acid (1%), sinapinic acid (1%) w8z p-coumaric acid (0%) (il 4.16) wandli
wWinIwandewiinsailludnuande gallic acid, cinnamic acid, p-hydroxybenzoic acid, chlorogenic

acid way caffeic acid

[0 gallic acid

[] cinnamic acid

B p-hydroxybenzoic acid
[] chlorogenic acid

[l caffeic acid

[ vanillic acid

[C] syringic acid

[] protocatechuic acid
B ferulic acid

MNA 4.16 wansdnaruvesnsaiiluaninulunasou
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A5AT1ZRUS LR ULS lsetiuae HPLC

nNsaEnwanziminzanlunsuenasunsguleulslueniv PUINEUITOLAL
Usgansnmnisueniagldssuunisueniuuunsiieudgty  (Gradient elution) Asldiinavane
loun oxdlaslulng (acetonitrile) wazasazarunsaweane3n (phosphoric acid) 3nA1sVAADS

Y @ Y v o a e Y & d' N .
uandliiulad  Mmivhezatvaesrieiiinnumnyanlunisladuamaoun  (mobile  phase)
WID9NNANNNSOMENANSARTTTADBNINAUTALIU BMI1E@IUVRIINATANeNLT VR LU AL
TUSWATUAILERIIUA1S197 4.5

'
Y o

d' e v = cal ° a ¢ a
M3 4.5 IﬂiLLﬂiﬂJmiﬂu53UUﬂqﬁsﬁgaqﬂLLUULLﬂiL@UUW@QGUua']ViU'JLﬂi']gVLLE)UIﬁ‘l"UU']uu

VAT asazany A asavany B dnsnslua
(U9) (%) (%) (Haddnssioud)
0 6 94 1
55 25 75 1
65 25 75 1
70 6 94 1

PnnMengiasnesseulslseniusemaia HPLC vilimsussssnaiandoud
Yedsansieg i ulansl  (retention time) uavdnwairlannlnsunsuvesasnsgLLeuls
lgendu iomFAnneideinalummeaswioluiedidusgsbeiidesdinisairansminnsguds
vhldlngnsdaansumsguisazeiafimsuanudutu Idnaduandunseil 4.6 uaznni 4.17
miﬁgﬂmLLEma’e)ﬂmmﬂﬂaﬁmﬂdau A9 kuromanin, keracynidin, malvin, delphinidin, cyanidin,
pelargonidin tag malvidin ﬁnmm'sqmﬁaumﬁu 26.00, 27.91, 28.65, 31.66, 38.11, 44.54 Lag

48.63 U ANUAIRU
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mAU
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1004
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25.003

31.665

27.810
38118

28.657
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PDA Multi 1

48.631

- ]

30 40

50 60

min

Al 4.17 Tasuivunsuvesweulsleeniiu kuromanin (26.00); keracynidin (27.91); malvin

(28.65); delphinidin (31.66); cyanidin (38.11); pelargonidin (44.54) uag

malvidin (48.63) iioAAs1E¥iea8 HPLC

M13297 4.6 UsgAnSnmnisinssransiinsgiuieulsleeniiuaig HPLC

Anthocyanin

Retention time

Calibration curve

Coefficient of

Compounds (min) determination (R)
Kuromanin 26.00 Y= 222.5X+ 5160.56 0.9943
Keracynidin 27.91 Y= 8364.8X+6948.26 0.9997
Malvin 28.65 Y= 16545X+3962.59 0.9938
Delphinidin 31.66 Y= 1125.4X+653.024 0.9996
Cyanidin 38.11 Y= 1705.2X+794.172 0.9933
Pelargonidin 44.54 Y= 15284X+10000 0.9952
Malvidin 48.63 Y= 4780.2X+16607.4 0.9982
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Usunauuaulslaefiulunansiou

woulnlesfududusetagiiozanedild  dnoglundurtanlouess  Huanslida
sssunf Inedveseulnlseniursdsuunlatiuamuanneanndunsaig  weulnleeiiiud
Tassadafunuy C-C-C, Budulnalalesivas 2-phenylbenzopyrylium %38 flavylium cation 7%
meiunaneviln  usiley 6 siawiduiinutes l6un  pelargonidin, cyanidin, delphinidin,
peonidin, petunidin ay malvidin LLaqulsamﬁuﬁ@mauﬁaLmﬂﬁmﬁ’uﬁwmﬂé’ﬁwmLLaz%ﬁmm
LU Lﬂuaﬂsaaﬂqm‘émq%amw (biological activity) ﬂiaaéjﬂuag;ﬂaﬁaiz (antioxidant) @1415080
91M159iau  (antiinflammatory) ieUnilosviasniden anrairawmesealuden anaAadsies
Tsmuzifauazsulifa winnandRsuiigauesueulnlseiufe Ussdvsamlunmsiueyuadaszlng
woulnlgetuiivszansamlunisiueuyadasegenininiuiuazdte 2 Wi YSunawesweulnly

a A L3 a 14 ~ A a a o - = | vaa ‘:l' ¢ IS = !
EJWUUVI@JHHEJ@W&J’]?OU?IJW@VL@LQ@E’J%QE‘jﬂﬁ@ 200 UaanIuNDIY SZI\‘]‘W‘U'J'WQV]U‘EJQJG]@JI’JULLG’IQ@JW]’]&JLﬁEJ\‘]G]’e]

]
=

madulsaneiuiileanas hlunsdeldteingauludeansiueyyadassmusssumfuniigauila

q

aaa

wlallosanlubiiunsll  superoxide radical scavenging  iUszANSAlun1sEUTIURATEN
20NTLATUYDY LDL (low density lipoprotein)

v v a s

| 2 Ay ] v 9 A aa [ ' <
navialoudunianiuadindunalinaaulumsueulsleeduiidonsdinmanuy - egalsh

s 1

pumedvesnariouusasiugidunndneiusenty wasfdinnlualddineriuusvgniuiiug

]

1 a

danmwindeu wagdsnisUgniiuandnsiuninadeviauarUsinaueulslaeniiuiie 91nnslnsien
\WWaUSunaumeulnleeiiunie High performance liquid chromatography (HPLC) 91uau 7 wiln
lauwA  kuromanin (cyanidin - 3-O-glucoside), keracyanidin  (cyanidin-3-rutinoside), malvin
(Malvidin  3,5-diglucoside), delphinidin, cyanidin, pelargonidin &g malvidin ‘Lumamiauqﬂ
o (% s ¥ 1 v s a v ¢ Ao v s [ a v & A [l [
U 8 Aeius lakn WuguATIIENN 60 WUGUITUY 60 Wugyuns Wugid NugWednyd Wug
finanes Wugmuneay wasiuslsimiuga nanismaaeuanslunmi 4.18 uaz 4.19 lngnuitieu
Wilwenduwiin kuromanin uaz keracyanidin useulvlgendundniinuaniigaluraniou Ysuio
kuromanin Tunansieunugeneg dusunaeglugig 97.16-125.94 mg/100 ¢ Umitinan (21l 4.18)
IngnantouiuguITuy 60 wagiuglsiiugaiiusunngaigawiiiu 125.94+4.18 uay 123.50+6.45
9°J v o U 1 1 o O“ﬁl ] a o o U aa =4 1
mg/100g U wilinan aua1du gandmeuiugdueteiidudfdaymeadia (0<0.05) sedasnfeniou
WugyuNg (118.45+8.37 mg/100g Wmtinan) WugUATIIWANT 60 (104.10+5.20 mg/100g HUmiin
an) Wugeslvial (97.16+4.22 Wwitinan) uasiuginanad (33.01+3.31 mg/100g WUninan) vaueHl
MiauLgINI wazmtowiugmundiaunsdvlinu kuromanin Usinadmulundeuiivsunaaenndas
Us180UNNTITEves Bae Way Suh (2007) Tuwavsdeudnwiu 5 aeug Nugnlulsemaniva

oA M-1 (84.71 meg/100g) M-2 (136.49 mg/100g) M-3 (109.16 mg/100¢) M-4 (107.73 mg/100g)
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]
(Y 1

wag M-5 (9.32 mg/100g) uananiiu3unas kuromanin Tunandeulunuideifganianulunawes
3111 (0.88 mg/100g) s3USE (6.99 mg/100g) LaLSATIAUBsS (15.21 mg/100g) (Jakobek et
al,, 2009) nleunugedlny (97.16 mg/100g Wmtinan) fiusunawihfufuiinulunauudaess

(97.65 mg/100g) (Jakobek et al, 2009) wavslouwusAinavewiuuias kuromanin fnvlou

99

a

ﬁuﬁﬁu (33.01 mg/100g winan) pgslitivd1AgNISeiA (p<0.05) ashﬂsﬁmmﬂ'%mmﬁé’aqm’hﬁ
wulunauudainesiSudiugineg Idun Ben Alder (28.56 mg/100g 1miinam) Ben Nevis (21.26
mg/100g Ymiinan) Ben Lomond (26.76 me/100g thwiinam) Ben Tirran (22.18 me/100g twtin
an) Titania (12.48 mg/100g 1wtinan) uaz Ukraine (12.50 mg/100g thwiingn) (Wu et al, 2004)

wolslwenfluwdin cyanidin-3-rutinoside e keracyanidin \uueulsleenfuwdinniid
qviyatanmannine leun Ffunmsnaneiug wagdiuaninousids (Wenzel et al, 2000) Seqw’
dndlugiinananauifinisiuesndndy woulslusfusindnumnnlunalifiiddulasomsets
fawaliimszgaiues nwadanmil 4.18 lusavsloussiawuuina  keracyanidin §459997n

1%
Yo a

kuromanin WUlue2s 6.92-30.05 me/100 ¢ Wwtinan mmmL‘%&Nﬁﬂﬁumﬂﬂ‘%mmﬁﬂﬂgﬂmmu
AUTLAY (6.92+0.24 mg/100 g Yniinan) < 2173 (13.26+0.42 me/100 ¢ tviinen) < Y35ug 60
(14.50£0.42 mg/100 g Ywtinan) < wums (21.15+2.28 mg/100 g twiinan) < uAssEL 60
(21.42+3.87 mg/100 ¢ dminan) < Wnanes (22.18+3.28 mg/100 ¢ dwitihan) < Fedwl

(24.00+4.19 mg/100 ¢ twiinan) < ldfuqa (30.05+3.24 meg/100 g Hmiinam) U3uel

keracyanidin AnulunanisudUsuiasnndesiusIgIunsIveves Bae wag Suh (2007) Tuwa

L% [

nauTIMIY 5 aeiug ﬁﬂgﬂiuﬂszmmmmﬁ 1AlA M-1 (25.93 mg/100g) M-2 (48.67 mg/100g) M-
3 (34.77 mg/100g) M-4 (42.05 mg/100g) Wag M-5 (3.06 mg/100g) usnanLUINI kuromanin
iumawﬂaﬂumu%ﬁaﬁﬁqqﬂ’jwﬁwﬂumalfua%mm (0.88 me/1009) warlndfesfunaesImny

s

(25.12 mg/100g) (Jakobek et al, 2009) agndlsfinusanaufmninfinulunauudainesiusdiug
sinaq TduA Ben Alder (134.94 mg/100g ¥uiinan) Ben Nevis (138.83 mg/100g tmiinan) Ben
Lomond (136.69 mg/100g thwitinan) Ben Tirran (113.11 mg/100g vwiinan) Titania (73.38
mg/100g vonidnan) uaz Ukraine (70.44 meg/100g drandnan) (Wu et al, 2004) wazsniiluna
wUAAUBIMUS Bristol, Jewel uay MacBlack Bsugnluiiuiisingg vesiglelele andgeusm nu

USnaeglugae 111-320 mg/100g (Ozen et al., 2008)
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Kuromanin

Wugnilou

T
Keracyanidin
: ._l
Malvin
T I
T T
Delphinidin
_ ._I T
T T T
UATIIBEN 60 UITUE 60 YuNS M3 Weddvd finavies munswau lsintduga

Usunaeulstsefiuviia kuromanin, keracyanidin, malvin kag delphinidin Tu

NaniDY



Malvin  (malvidin-3,5-diglucoside) Huansueulsloondusianisiiintunasssusa
dlngnulugdlangleled  pnmenunuiiduseulslsadusiausniiietulussniensanyes
aquiLg ‘Cabemet” (Bockian et al, 1995) wuinnlunauotilin ansewuedd odu wudawesd ug
wedd wodi uATuUedi uazuudanedifud 9nmMFleTIEEUTINAL malvin Tukamdeuiudingg
wudtalauiiusunaegluyie 1.35-15.84 mg/100 g drondnan (nwdl 4.18) lnenavdounugls
ftugafiuiinagafianvinidy 15804130 meg/100 ¢ tntinan gendwouiusduegreiiteddny
yeadf  (p<0.05)  sesawnAovdeuiuirans  (1207+127 dwinan)  wleuiudidednsl
(11.82+0.93 thwitinan) Wugfinanes (9.2560.56 me/100g uwiinas) Wuguasswdn 60
(8.26+0.65 mg/100g unmInan) Wugad  (5.20+0.83 mg/100g drninan) Wugyssue 60
(1.35:0.38 mg/100g twitnan) mmzﬁmauﬁuﬁ:ﬁwLLWQLLaumthWU Usuauiinusninluna
Jambolao (Syzygium cumini) Budunaliviesduvesunda TUsuer malvin waswihdu 166
mg/100g thmtinuss (Brito et al, 2007)

Delphinidin 1Huueulsleeniudnviavilsiinafdequamannyie phytonutrient #1113
Jostulsavala waglsadug Mfeafuiilald  delphinidin FAunulud ae. 1938 Tne Albert Szent-
Gyoreyi  fhausnideinluisiuieSenin  “Gendu P agnlsimunendmuinduasnay
asUsznaurlanlauesd InTeaidenuin delphinidin figuslunisiuoon@ndugs Fuamznis
Sniau Jestulsmduidendontilofius dosiulsrunds wardosiulsamila woulslebuiluviail
wumﬂuwalﬁmsqamaﬁ' Wy Jawedd (161.93 mg/1009) UQLUQ% (47.4 mg/100g) HAzlLATU
\ess (7.66 me/1009) uenaniifamuludn wu das (11.98 mg/100g) Hakline (94.6 me/100g)

I~ 1

U (13.76 mg/100g) 3NNFIATIEYUIUIM delphinidin Tunansiouiiugsngg 911 8 @

s o A s =

UG A9INT 4.18 ATINULTEY 6 aneus JUSunanadueglugig 2.37-20.47 mg/100 ¢ Uminan

9 El

&

Tngnansipuiuglimdugalivsinngeigauindu 20.471.69 me/100 ¢ Uwilinan gendnvdounug

o

o

aupgeiitydAyM19Ein (p<0.05) sosaAendaU LI (18.77+1.81 mg/100g Umiinan) Wu

o oo

Ly

UATTIVANT 60 (10.62+1.75 mg/100g Umitinan) valsuiugdedluy (8.51+1.92 Wwtinan)

=
=
n

o

o

yuws (7.94+1.44 whwiinan) wazusiumauay (2.3740.25 mg/100g Umiinan) vaziivaiouius

{60 uaziudfinanesnsialiny Ui delphinidin nulunamioufivSinuaenadosiy
$1897UN153T0vea Franke wavamy (2004) Tunaldivfining liun ansewusdd (2.6 me/100g) ugLues
3 (23.8 mg/100g) winfiuanaigenintunauzaa (0.03 me/100g) NAWATUIUBTS (0.1 Me/100g) 94U
wAs (1.7 mg/100g) (Franke et al., 2004) asmliﬁmmﬂ%mmﬁwuﬁwﬂdﬂumaugwa% (404.75

mg/100¢) (Ribera et al., 2010)
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Cyanidin 1Juansusznauduvsdnguueulsloenduiiatuewmiusssusd uansiddnwy
wntunalindduas Toun ogu Tawuess wudmuess wess uAsUIUSS LwaWBsuesS laneuusss

wagsauess avdidasuuwdadlumuiitonlnenuingn pH < 3 wliduns  pH 7-8 Agiiding uay

1%
aa o a

pH > 11 a¢iidiu cyanidin fiqudgdunsfueendiniuveseyyadass Tesfumadanmshans
voseyyadasy annrmndssionadulsadudonilefiuiy werands wennidudiniaie
Ty 15A9Iu wazdueniay (Sasaki et al,, 2007) anMsAnwlureslfuRnisnuinoyius
nglalesves cyanidin dunumddlunissnunlsauese (Carmela et al, 2005; Pei-Ni et al,

2006; Artemio et al., 2008) IANAAHININT 4.19 NARLBUATIINU cyanidin Mettuiulaediusune

[
v a

agluyie 0.82-4.67 mg/100 g vminan mamaL'%mﬁwéﬁ’umﬂﬂ%mmﬁwlﬂgﬂé’mu ALNLLEY
(0.82+0.15 mg/100 g 1mtinan) < uASTIVANN 60 (2.18+0.38 mg/100 g Yuiinan) < U35ue 60
(2.68+0.41 mg/100 g witinan) < 217 (2.74x0.35 mg/100 g tmiinan) < finaves (2.80+0.34
me/100 ¢ Yviinan) < YUNT (3.99+0.50 mg/100 g droninan) < Jodlmi (4.67+0.34 meg/100 g

dhuiinan) < 1sitiuga (4.530.51 mg/100 g dmitnan) Usunas cyanidin inulumansleuiivsun
denAdeItUTBIUNITITre Franke wavaniz (2004) lunaliafiasne dud amsewess (1.4
mg/100g) aduuAs (1.6 mg/100g) woUidauns (2.2 mg/100g) uarwauduAs (3.1 me/100g) wifdl
USunasgandnlumauzsag (0.1 mg/100g) LATHALATULUOSS (0.6 Me/100g) (Franke et al., 2004)
agslsfmuuSunaiinusnitlunandudi (6.4 me/1009) T1awess (22.6 me/100g) LAZHAUY
\a$3 (25.6 mg/100g) (Franke et al., 2004) LLazmaLLUé‘muaﬁﬁuﬁ}iwm lAwn Caingangue, Brazos,
Tupy, Guarani uag Selecdo 97 Viﬂqﬂiuﬂizmmiﬁ %ﬁﬁﬂ'%mmag”lmm (91-157 me/100 ¢ twtin
an) (Hassimotto et al., 2008) agwiulainusuin cyaniding lunalduiinsngg viseudumdunalsl
yiadeafuusnuaiusAdssalviduTunaseiumne uasnalimfaiduesiviinags

Pelagonidin 1uweulsleefiuvianiannueulsloeniu 16 vl Anvveslusssund
Aunfiy Tadu numnlunagnvesauess anseluesd ugiuess wudaluess wdu uazuasuluedd &
AanURluN1sAUBENTATY 31NNITIATIEYUTIIN pelagonidin Tumantiauiugrngg wulwe
nilpuiiUSuaegluyig 0.35-5.46 mg/100 g thwiinan (nwdl 4.19) Taenavsioutuglsiifugauay
ﬁuiﬁmmﬁﬂ%mmqﬁqmmﬁ’u 5.46+0.60 mg/100 g minan uay 4.73+0.64 mg/100 ¢ wwein
an suadu gendnvaleusiusdusslioddynieadi (0<0.05) sesRwmnAevouTLgITadlvsl
(3.07+0.55 twiinan) Wugfinavies (2.73+0.38 me/100g twiinan) Wugand (2.26+0.40 mg/100g

=

uwdnan) WuguATIIWEIN 60 (2.24+0.43 mg/100g W wiinam) Wugiuwakaw (1.70+0.25

s

mg/100g dhuidnan) WuguIsae 60 (0.35+0.02 mg/100g drmiinan) Uiy pelagonidin 7inuluna

99

ilpuiivsuagandwalduingieg 9n3189un15378ve4 Franke wazany (2004) louA ansoluass
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oduuns uoudauns wduALAY uxhy uaTwUDSE WALAM worugesd dwlivinasihind 003
me/100g snviulunasavessidiusunadndifestu (1.6 me/100g) (Franke et al., 2004)

Malvidin (Juasnguueulslesniiusiin O-methylated anthocyanidin LWuuewlslseniiui
Ifaundiy wuannlusssumilugundeleles Indunadleedluanmnsaussiidhiudlosgluanineg
wuldlulniues 1o wasnald@isiddy 1wy oguuns uasuUess vgesd MnmsAnwluwesiiu
wuhiinsgeadusnieuilnaliiunwietheduiiil malvidin-3-glucoside 1l (Bub et al, 2001)
NnnsAnfigalliifiuudnin  malvidin - fladalsnndndiiaaduiiviewadimileluiywd
(Hyun and Chung, 2004) fianuidudu 40 ppm 9nMTRATIERITIIA malvidin Turavsiouiug
#1199 TudSunaes TaediuSunaegluyie 2.83-8.92 mg/100 g dudnan (nwdl 4.19) Tnenavaiou

g3 udyuns uasiusWedniiivSinugeigawiiiu 8.92+0.55, 8.43+0.62 Uay 8.10+0.59

o w

mg/100 g dmnan audwy gendmeuiugduegditudfymeadii (p<0.05) ew@NFe

v 6 =

yalouiusuATIIVENT 60 (6.51£0.40 mg/100g twiinam) Wuslsrtuga (5.09£0.49 thutinan)

Wugnaned (4.44+0.37 me/100g Umitinan) Wugriwnauay (3.89+0.24 mg/100g Wwitinan) wag
TuSU35uY 60 (2.83+0.23 me/100g thwtinan) Usinas malvidin Anulusamsiouiiusuasiniily

NAUQIUBSS (45.38 mg/100g) (Ribera et al,, 2010)

@ kuromanin

587, 0% 2[)5% [ keracyanidin
712% [] delphinidin
[ malvin
12.91% o
[l malvidin
66.10% [ cyanidin

[l pelargonidin

AN 4.20 hansdnaiuvewaulslaendunnulunanou

nasamvesUSinaueulsloentiu 7 vl lAwn  kuromanin (cyanidin 3-O-glucoside),

keracyanidin (cyanidin-3-rutinoside), malvin (Malvidin 3,5-diglucoside), delphinidin, cyanidin,
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Y v o U

pelargonidin wag malvidin luravdeu wuiranunsaiesdauanUsunagslumlanad wuglsidu

]

98 (204.93+5.07 mg/100 ¢ thwiinan) > Wugyuns (176.77+5.43 mg/100 g truiinan) wus
odlval (157.37+4.07 mg/100 g thmilnan) fusuassnwdin 60 (155.33+3.90 mg/100 g tmiln

[y

an) uaziugyIsue 60 (147.64+6.82 mg/100 g Wwmtinan) > wugiinanas (74.40+4.57 mg/100 g

thwiinan) > Wugand (51.155.58 mg/100 ¢ twitinan) > Wugfunauau (15.71+2.59 mg/100 g
dondnan) (it 4.19) Fadlefansandadruvesnsailludnusazeialunavaieunuin kuromanin 3
dndrugafigauviniu 66.10% se9a%Ae keracyanidin (12.91%), delphinidin (7.12%), malvin
(5.87%), malvidin (4.05%), cyanidin (2.05%) Wag pelargonidin (1.90%) aua1AU (n il 4.20)
wandliiiiuinueulnlserfiuvda kuromanin wag keracyanidin Wuneulvlagndundnitnusniian

Tunansiou
q‘ 1% a 4 1
andAusanTntulunantiou

oyyadasEiiintuannssuunmaineendindulusumenyudivatesin  1Hud  singlet
oxygen (10,), superoxide anion radical (02 *), hydroxyl radical (OH*), nitric oxide radical (NO*)
uay alkyl peroxyl (ROO?) lagsnunwasiinalnnislesiulaeteulwivaglmiiu (Seified et al,
2007)  eglsfimusnaniefdesnsaissueenndudildannnisiuusemudiludsdiulugnuann
luin weznaldl FoilWluigtuipuiunaulassesngyitanmansssumfundstu iesn
asauRINTATUdLATIEMYU butylated hydroxytoluene (BHT) wag butylated hydroxyanisole
(BHA) Teildunsne waziiadnades (Seeram et al, 2006) luthgtufimsnwiAafuviauas
USnamesansUsznouiiludn waganuannsalunmsiusendnduvestasiou 1eaanilseaui
navsloudlaudilunistesiunisifialsalumniu  (antidiabetic)  Jesiunisiinufisensendintu
eafunissniau Tudl 2006 Oki wazAme (2006) Anwinsiasuulasandinnsiussndinduuas
psAUsznoUvemanaumoiugineg  lulszmadulusewinmaasydule wuHavlouts 8
aneiug  dnsailudnuasueulsleeniuluesdlsznoy  wazanunsowansauifnisiueuyadase
DPPH Inefiawtinssnuoentinduogsswing 2.5-203 Tadluaauyaves Trolox fenfumesiniin
an Bnvia Bae uax Suh (2007) Fieaudimanien Morus alba L) Tulssmmnimdansouans
autfnsiueenBnduliinzduaudAnisdueyyadase  DPPH  audfinisdueuyalansenda
autimsiuoyyatuiesoonludueulessu uazmnuannsalunsiig Wudu Feendinnsdiu
sondiedumaniiiunauanansuseneuiludniiflunamloy venanidludifenty  Ercisli uaw
Orhan (2006) AnwiesAusznaumaaliveanantow 3 alTd laun nleuwy (Morus alba) vileu

WA (Morus rubra) wagniaum (Morus nigra) wuin wisusdiusunuasUsznaviludnuagiaila
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uaaﬁﬁwmmﬂﬁqm lgdusunawindu 1,422 fadnsuauyavensaunadnde 100 nfaminan
uay 276 fadniuauyavesaedfiuse 100 nfuutnan uaz Lin way Tang (2007) TIB41UINA
sioufiviinamsUszneuiludniomn  wasUTinalalussdimnnniigndleiiouiiuiuna
anseluasd ndu winlne (To1 wides uazuns) dnvu neuilng waou uazdngn Tasiiiuna
ansUsznauiTuanianuayiniy 1,515.9 fadnfuauyaveinsaunadnse 100 nfhwiinan wagdl
Unamlalaussdiemuawiiiu 250.1 Jaaniuauyavesmnediufe 100 n$umnan

IINNSANYINTNAFBUNIIUERNTATUYRIANTANAIINNAYEEY 8 a@lediug  lawn
UATIIYE 60 U3TUY 60 Yuns 13 Wedlvid finanes Munawau wagmiuga NAsIERAInTsy
NSATURBNTTUAIYIDNI5AI9Y 3 3D Lo DPPH radical scavenging activity, Ferric reducing
antioxidant power (FRAP) ez ABTS (2,2-azinobis [ethylbenzothiazoline-6-sulphonate]) assay
Ienasauandlunnsed 4.7

'3

A5 4.7 QVIzFTUERNTATUYBINAVIEBUAETUEHN9Y

%aﬁua:mjau DPPH assay FRAP assay ABTS™
(ECso, Lg/mU) (mg Fe(ll)/g) (mg TEAC/9)

TUTUATINYEN 60 201.83 + 13.55 a 39.74 + 230 a 421 +0.17 a
Fugy3sug 60 269.01 + 18.33 b 23.52 £ 2.44 b 3.04 +0.19 d
Vugyuns 503.69 + 15.02 d 17.07 £ 1.53 ¢ 3.42 +0.24 a
g 312.96 + 18.15 c 21.96 + 2.85b 4.19 + 0.18 ab
Wugigesln 1060.86 + 14.42 g 1201+ 1.25d 295+0.11b
fugiinanes 594.30 + 10.12 f 16.17 + 1.12 ¢ 3.42+0.10
WUSAunIKaY 1194.67 + 10.06 h 11.71 + 1.46 d 210+ 0.14d
uglsmiiuga 544.76 + 13.07 e 42.28 +3.04 a 384 +0.13b

MNee  nd Ao #5I9kNy

wanaAntugUAnade + AdeauuinggIu (n = 3)

A1 ECso PaUSinaiansanafianunsaananudutuisuduveseyyadaseiatios DPPH asld
AN
fones (a-e) NenenuluneduilifgriulansndnuLanasiunEda (p < 0.05) o

W3guwiguaeaelneis DMRT

NINAFBUNITAUBRNTATUAIY DPPH assay wanadlugy ECs, (effective concentration) Aaf#l

wananUdLdUYesEnsNanIsaanANUtuYeteyyadaseiatis DPPH adldasmila nandfeds
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8aA1 ECs,  Mfwansineganuiifanssunmssimueandinduganuliie  wudinanssunisiu

(%
v A o

ponTintuveIravtouaNnTasesEInuIINAawsl Munsay < Weddnd < Ainanes < 13

Miuga < guns < 913 < Y350 60 < uAsIvEN 60 aedlA1 ECs, wiriu 1194.67 + 10.06,

H+

1060.86 + 14.42, 594.30 + 10.12, 544.76 + 13.07, 503.69 + 15.02, 312.96 + 18.15, 269.01

1833 uay 241.83 + 13.55 Pg/ml muadu ludnnullansainainuieuiuguassivdun 60 &
Nanssumsmueendintugenitiuguediitedfyneats (p<0.05) uagdsh 2 NNIINAaeUY

NanssumMsmuean@iatu Ferric reducing antioxidant power (FRAP) wuinanewugiuseavsnm

(%
o

nsenueandnduaunsaliesafuIInlugetell Munsway < Wedvd < Ainanes < guns <
13 < Y3suy 60 < uas3vdun 60 < lsiduga lawdlan FRAP wiriu 11.71 + 1.46, 12.01 + 1.25,

16.17 + 1.12, 17.07 = 1.53, 21.96 + 2.85, 23.52 + 2.44, 39.74 + 2.30 way 42.28 + 3.04 Ug/ml
a1y aziuladnauansalunsinusendntunnsaingeds  FRAP  Tinalulufianig
a v o aa A a av v i | v &1 w wa
Wediuiuis DPPH  uwavkilofiansannan1svaaesiilanuimandowaienuginsivasiansaudiingg
FusanBndusntiueenil @eandaddu  Bae way Suh (2007) #iseaulidnaeiugidnsnase
autinisiueenntuvaaniou lunaslunuaudflunisdnueyyadasy DPPH wioeyyalans

a [ £ k1 1 Ly 1o W v ¢ a =] £
anda 1Judu NN snaaestinavdowiuglsiiuganasiusunsssdun 60 dauausaluniseiu

a % ! ] o el 1 a v o w aa og.Jl Q’lj = ] gj v Al A
panBindugenimdewiuidusglileddgmnieada (p<0.05) Msiliilasnnvdouna 2 WugiuTuiu
a1sUsznouilludngeniniugduy  Feansuseneviludnanunsanansaudiinisinueendiaduves
ayyadaszld  lesannsalidianaseunsolalasiauezneuunoyyadasy  Liedudslilieuyadase
Anufisesiald (Green, 2007) sstiudloUsunsansussnauilludngeiazdiautAnssueandindu
Yosouladasyamulume

NNFIATITRENEURUSIENINENTUsENaUNaIuen waznsaluanu1astniugnsnis

iusenTnduasUlilunised 4.8 aznuldidenuduiusiugunnseninuinaeasdssnounan
Tueeauaznsailudnuiadadugnslunisiuesn@iady Usuia (+)-catechin  TAnuduiusias
vanAulTualudnnaus wazUSinavailiuesnisvuneg1aiidedAgydmnsada (0.01<p<0.001)
waglamuduRusITsaUiuAT ECs, (ALAT1%1A8 DPPH assay) nanafededusune (+)-catechin 11n

2

gatlgnslumsiueendintuaswulisig  waslinuduiusiBauiniuianssunisiueenBadud

o w

ATIENMILID ABTS agnditiudAgdnsaia (0.01<p<0.001) Usua rutin dAnuduiusiasuan

°o aa

Audsuailludnyianun wazUSunamailuesavisrunegeiidudAgynisana (0.05<p<0.01)
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[

M9 4.8 ANuduRUSIZINgVsaueanTTuRuNal U AkaznIaNluaNUNSHn Lag

s 1

ANUENTUSIEMINNgEAMUeN B TUAUUSIN AU TuANTIaURALas UTI

(%

WaluouanIvun
Waluesn nsaludn
(+)-catechin rutin procyanidin B1  quercetin gallicacid  p-hydroxybenzoic acid
TPC 0.849*** 0.551 0.721** 0.318 0.854%** 0.808**
TFC 0.925%** 0.811** 0.756** 0.343 0.743%* 0.711*
DPPH -0.759%* 0.299 -0.426 -0.592 -0.796** -0.540
FRAP 0.705 0.557 0.874*** 0.351 0.589 0.881%**
ABTS 0.875%** 0.548 0.437 0.705 0.569 0.460

e TPC Aa total phenolic content, TFC f® total flavonoid content, DPPH A& DPPH
radical scavenging activity, FRAP @8 Ferric reducing antioxidant power (FRAP) uag
ABTS fa ABTS (2,2-azinobis [ethylbenzothiazoline-6-sulphonate]) assay
seautudAgy: *, p < 0.05; **, 0.05 < p < 0.01; kag ***, 0.01 < p < 0.001

WuReaiuiu  (+)-catechin  ualdfanudunusiuianssunisauesndndy  vagiuTune
procyanidin - Bl fianuduiudidsuanduusunailudnyamuauaz Usununaliuseavisvun ol

v o W

ToddnyBmeada (0.01<p<0.001) wagdanuduiudiduinduianssunsiueendwduiifns e
§e35 FRAP egnalifuddnyBomeadn (0.01<p<0.001) walifianuduiusiuen ECy, wavliny
muduiusvesliina  quercetin  fudiinadfudntauauarUsinamlalusesivaamie
ANUFURUSTUAN ECso, FRAP %58 ABTS d@wmsunsailuanifianuduiusidauiniuusunaiilugn
WavuauazUSnaman e s AR e AMLEIRUEAUAN ECs, wuisfunatliuees  Usina -
hydroxybenzoic  acid  finnuduiusiBauanfuusinailudnamauazrUsinamailiuesdan

'
o w aada Y]

pg sl AYNISERAT  0.05<p<0.01 uag p<0.05 MUEINU LardAuduiusFsuIniuianssy
Msfueendwduitieseidiels  FRAP  egnalifuddnBonsadi  (0.01<p<0.001)  usilid
ANUFUNUSAUAN ECs,

AanssumsiueendndunuindauduiusdaduiuusinaiTudnomn Oktay lazAuy
(2003) iﬂaaﬁuﬁdﬁﬁmmﬁ’mﬁuéaﬂNqﬁwdwﬂ%mmmuaﬂf:’fwmLLazﬁf\miimmiﬁmaaﬂ%m%’u%ﬂ
wuluflovaneatdd fegrefinu Wy fn wald Seund wazayulns Jusu (Shan et al, 2005;
Wong et al., 2006) wazdisigausninarsusznevilluaniuisnatsviindanuduiusegsitvdAey
sadRfuaNanselunsiueenBwdY A el 421 wanspuduiussewinsUSnadludn
WeaLarAanssunsiueendnduresansatnaintantey mnuduiuissuinshanssunsiu

DONTLATU
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4.50

4.00 ~
3.50 A
3.00 A
2.50 ~
2.00 ~
1.50 A
1.00 A
0.50 ~

DPPH (1/EC50, mg/ml)"

y=0.0286x - 2.1723
R*=0.8125

0.00 \
50

AT 4.21 waRIAMUANNUSITLE U0 NEAURDNT

PI99AUA (AU X) YDINaRUeU

100 150

v a

200
Total phenolic content (mg GAE/100g fw)

250

WU (1/ECso) (wne Y) AuUSunauilugn

4.50
4.00 - g
. L
~ 350 -
£ 300 |
g
S 2.50 -
2 2.00 - o
= ¢
= 1.50 A
A
a 1.00 - *% y=10.0178x +0.2023
0.50 R*=0.5612
0.00 ‘ ‘ ‘ ‘
0 50 100 150 200 250
Total flavonoid content (mg CE/100g fw)
AN 4.22 WaRIANFUTUSITLEUTDIgVEAUBDNTATY (1/ECs) (N1 Y) AuUSunamailiusen

PI99UUA (AU X) YDINaRLOU
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(WAT1E1AY DPPH assay) wnu Y wazUsunailuganiiasvun (nu X) danuduiusidudulaedaunis

¥ A (3

unsafe ¥ = 0.0286X - 2.1723 lngilaudiudidaduodisgs (7 = 0.8125) ez

o w

adanuln JanuduiusIBsuINAUUSIN U TuA N MLAKaL AN TUNISAURBNTTUREN9lte d ARy

o

[
=

neatia (0.01<p<0.001) TpedlAmdudseanSanduniusgs (=0.902) AANTsUMIAUBDNTIATUEY

Y

YasasannanNandauinuduNuSAUNTarauveIa1susenauiludn  asdusandmduiiduans

nAgivvaiaudmulaluiemily - uiesdivsina  wavguslunisiueendnduveseuyadasy

'
=

1 U a 1 U o a 174 2 v
unnenauly (Elzaawely et al., 2007) dWeRasananaanudusiusidadu (R = 0.8125) aziuls
I A A a i~ a X a2, yaa v a o 1Y 1% Y]
Tuilefivsinaansuseneuilludnglundmaliiifanssunisiueendinduganulume aenndesiu
NUIBYe Cai wagAuy (2004), Shan wazAmy (2005) WAy Wong wavAmg (2006) Wandliliuin
asuszneuiludndungunanfidawanagnilunisiuesndintuveinansiou

ANALNUSTEMINAINTIUNIIUBONTATUY (A1 1/ECs) whl Y uazUSuiunailiueun

(%
Y

Nave (wny X) Sanuduiusiadulaefigunisidunsdio Y = 0.0178X + 0.2023 lnefiniudunus
Fadu (R = 05612) (il 4.22) FennindleSeuiisusuanuduiusseninedSuailuan
FruaLarAInsIuMsEueendwdy Walnszimsadanuinfinuduiudiduindulsnamails
uaaﬁﬁwmLLazﬁaﬂisumiéhuaaﬂ%m%’uasmﬁﬁfaﬁwﬁaumwaﬁﬁ (P<0.05)  lneflenduusyans
anduiusgs (r=0.750)

AW 4.23 wansnnuduiussewinsUSnailudntmunuar fanssunisiueendndunes
asafinnHanlouTiATILidaeds FRAP assay (Wi Y) wavUSunailudndiovan (woy X) 3
anwdstusidadulaeilaunisidunssie ¥ = 0.2503X - 15.967 lnsflanudusiusidaduodisgs (R
- 0.6856) WioTnzimaianuiiruduiuiidaunfulnailudnimuauayianssunisdu

a o 1 a v o L aa
NVAVUBYNNUULFAIAYNINEOR (0.05 < p <

0.01) lneirduuseansanduiudgs (r=0.828)
AUAUNUS T NNINTTUNTAUBNTLATUNIATIZIAILID FRAP assay (AU Y) wazUSuiaman

(%

TuUsgANIALA (AU X) JAnudunusiBadulaefaunis@unssde Y = 0.1935X + 0.3820 laedl
v o A v 2 = A a aa | YR a )
ANMUAUNUSITNEY (BT = 0.7299) (AN 4.24) WEalAIEinINananuIndanudunusidauIniy

YsunavlahussansnuatazanssunisaueendinduoesiltdedAgnieada (0.01 < p < 0.001)

Inedlenduysyansanduiusas (r=0.854)
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L
40 - *
35 y=0.2503x - 15.967
on
= 30 - R*=0.6856
= 25 |
an
£ 20 -
[a )
;5 15
=) L )
10 -
5 _
0 T T T T
0 50 100 150 200 250

Total phenolic content (mg GAE/100g fw)

AT 4.23 WAIAMUFUNUSITAAUTDINSAURBNTATY (FRAP) (0w Y) Auusunamludnviavun

(U X) VBINANUDU

FRAP (mg Fe(Il)g)

10 | y=0.1935x + 0.382
R*=0.7299

0 T T T T
0 50 100 150 200 250

Total flavonoid content (mg CE/100g fw)

AN 4.24 LanInNFUNUSITLAUDIVEAUEDNTATY (FRAP) (wnu Y) AuuTunamaliuesa

anue (WU X) VoINanou

AN 4.25 LAAIAINUFUNUSTENINNUSU U TUANMUAKAZAINTTUNITANUDDNTATUVDY

ANTaNAINHANUOUNIATIZINETS ABTS assay (whu Y) wazUSunadludnisun (wau X) &

Y a v P o W a v | 2

ANuduTusLdulneilaunsidunsafie Y = 0.0126X + 1.3886 lagilanuduiusidaduagiegs (R
d‘ a 6 aa A % o & a U a = a 3 a ¥

= 0.6856) LIBWATITINADANUINAANMUAUNUSITIUINAUUSUI T URNTIMUA LA AN TTUNITAU

ponTintuagrailiudidgn1eadia (p < 0.05) neliAduussavsanduiiusas (r=0.721) Auduius

SEIINNAINTIUNTAUOBNTATUTIATIZYAIETE ABTS assay (WAu Y) dazUSuiaunatliusyn
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Pavum (WnU X) TANUdunusItLdulneldunIsi@unsafa Y = 0.0108X + 2.0951 taafianudunus

a % 2 d‘ d‘ a 'S aa I Al o Ly & a o a
Wadw (R = 0.6736) (MW 4.26) WEI9WASISUNINADANUINLANUFURUSITIUINAUUTLIUNa?

o

UDUATIMNALAZAINITUATAUDINT AT URENHTNA AN INEDR (0.05 < p < 0.01) leedan

'
a == a L% v ¢

SsyAvsanduiusas (=0.821) Seguduieniuadudsyavsanduiusuesds DPPH sistinisiien
avduiusszminsautfnisiueendinduveseyyadase DPPH uay ABTS fiAngailesunannnalnlu
mainuiizendunalniendu Aeidunisuaniudsudidnaseuden (single electron transfer (SET)
reaction) (Huang et al., 2005)

4.5

4 1 y=0.0126x+ 1.3886
35 | R*=0.5193

3 . S
25 -
2 L 2
15 -
1
0.5 -

0 T T T T
0 50 100 150 200 250

ABTS (mg TEAC/g)

Total phenolic content (mg GAE/100g fw)

%4 a

AT 4.25 kaRIAUFUNUSITAAUTDIONEAUBBNTATY (ABTS) (Wnu Y) AuUsunamludnnavus

(LAY X) VBINANLOU

w .
[V, I N}
L L L

ABTS (mg TEAC/g)
[\]
W

2 4 L 2
1.5 y=0.0108x + 2.0951
14 R*=0.6736
0.5 -
0 : : ‘ ‘
0 50 100 150 200 250

Total flavonoid content (mg CE/100g fw)

% a

NN 4.26 LEAIRMUFUNUSITIAUVDIGNEAUOBNTLATY (ABTS) (Wnu Y) AuvTunaailiussa

Manue (WU X) vasnanou
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spwuldianuansasalunisiueyyadasslumiousaeds FRAP uay TEAC feanuduius
fugnnnludsintuliinailudnimusuasrlalivessioun Jafululdinis 2 38 Ao FRAP
way  ABTS  @aanunsofiavhuihiflunisihueesndinduendenalnluniseengnilaenisdeinu
fidnnseumileutu  Wnansmsadnneinrwausasslumsiueyyadassldnaiiaenndesiu
Wlufianadendu dnfuansadenld s FRAP vdo ABTS Felaisuildlunsmsraliesed @
nansidelundaiaenndestunansifbves 15U uandlnua (2546), Jounys dsenestag (2550)
UHINg qwéum (2550), Ou tagane (2002), Javanmardi tagauy (2003), Luximon-Ramma ay
Ay (2003), Sangkittikomol (2003), Djeridane wazaniy (2006), Ana LazAny (2007) kag Jasna
wazamy  (2007) nmdeinuiwaniouusasiusiansusenouilludngefiasinuansiiduas
fusenTndugewuluie  egnlsiauinuiinandeunsaziugivsinaansussnauilludnuas
AMNANL1505UIUNNTANUDDNTATUAILIT DPPH, FRAP ey ABTS wansnaniy Lﬁaammﬂﬁuﬁ:maq
valoufiumnenefu aaudilunisinzugniiumnenefu eugeuanysal waziBnsquainu Jade

1 dyo v 1 Y 1 1 1 v Al A I a
mmumﬂmmazmamqmawuammazwuqmﬁmmmaﬂsmauﬂ‘[uam wazANNEINNTaTINIUNNT

(%
v aa

fusannduluusasiunuanaaiulusie (81 Sauduw, 2548; Tan TuseAud, 2549) W35
FRAP waz ABTS \Jumslimsgimanuansalunisiuljisereandwduiiinaneuyadase
Wntuageasinsinelunen 4-6 wi uwilunsiesiesiansirueandnduuesansusenauiluanain

=

iy NUNAINITAANAULAIN 595 wiluung einTudenaneld Asiumsinasafeanuiand
fivun e1alaldminuiisenauysal 35 FRAP fdeffeiluisniveldiaites Tuwne uaslidedld
4 A a Ny A aaa a Y ] , Y o
winsleiiay uiliverdufenalnvesufiseildlunsiieseilinertesiunalalusiney dwded
a o ! L] o aaa ! U ¥ a
Y9935 ABTS Aeviiie eyya ABTS  azvhujisensgnmmdaivansiueyyadassnieluia 30

= a v = ° PR, S o a a6 va I3
wiit Unfagldnaruszana 5 uiil eyga ABTS  azanglavisluthuazansiazanedunid 14hnsnzi
waNasalunsiuesndwduresasaine  luinsnluansiazansuseasiiazansluludu

| Y o a 2 ° ' Y a ~ ]
ddadeovedd TEAC fe ABTS  hiduanseusssuwdineliineyyaluwaduielusinie

Wuiendu Fe”'-TPTZ (lan1 Suseausd, 2549)
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uni 5

d3unan1Inaass

Y N 6

INNTIATILVANUYTUYDINAVIDUANWUTUATINVEL 60 WUFUTIUE 60 NugyuNs

a o 6 o v L]

UG NugPedluid Wugiinaves fugiunaway wasuglsituga wuindegmanteu

9 RN | El q
4 1

il

anfianutundvedlutng  7321-85.61%  lusiuauindeusiusiunsuaudautugsian
Wnailuanvounlunavsdeunulugag 17.38-50.93 mg GAE/100g dhwiinan  vausd]
Usinalaluesdiouanulugng 11.98-47.79 mg CE/100g tntinan Tnevaiauiiugani
ftuslfiugg wasiusuassiedin 60 SuiinaludnimuauasUTinuailussdioun
GR uaﬂmﬂf:mjauﬁgqmmﬂ’uﬁjﬁqﬁu%mmmﬁuLﬂIiﬁu (0.43, 0.70 waz 0.72 ug/e viinan
Auaeu) wazlalatu (0.57, 1.72 way 1.77 pg/g duidnan audsu) 6N

INNITIATIZAUTLIUNTABUNTE ton oxalic acid, tataric acid, malic acid,

ascorbic acid, lactic acid, acetic acid, citric acid 8z benzoic acid ‘Lumamauqﬂmaﬁuﬁ‘

]

v [

#1499 wuinmdeunniugidnyurvesTunauarvliansnduvsdmiliouiu lnewudn ascorbic

Ql =

acid 1Junsedun3dnnuunniign sesawunfe benzoic acid, malic acid uay tataric acid

puaau ludwudvdeuiuslsmiuga suduassvdun 60 WugWednil wasugussue
60 fUSuae ascorbic acid gandMugduYg n3n benzoic acid WunsnduvzdnuuInges
310 ascorbic acid FIASTIAATULBININTITUYIR WUINANLBUATIINU benzoic acid Base

wuiu Inevdouiugidedvi fugind uwasiuglsintuga SUsinasedewiiu 15.10, 15.02

o w a

WAz 13.40 mg/g Umiinan auawiu gandtmlsuiugdusteiitdudAgniata  (p<0.05)

o

Y

uenaniinsaduvssuy Anlutiinadlndifesiuresaioundasius  tartaric acid nu
Tugae 3.55-7.10 mg/g Ymidnan malic acid wulugas 3.07-6.70 me/e twiinan lactic
acid wulutas 1.18-5.07 me/e wwiinan acetic acid wulugas 0.23-1.68 me/g Ymidnan
vausd citric acid wulugae 1.23-7.85 me/e vvtinan Wefinnsandwasiuvesnsadunis

1
Yo A o

ausasessrunUsinaaslumlanail Wugdesdud (55.03 £ 2.42 mg/g Umitingn) uag

Wuglsintuga (52.21 + 3.02 me/s Umitnan) > Wugiwwauay (47.74 + 2.10 mg/g

v ¢

Wwinan) Wugy3Tue 60 (45.91 + 2.46 me/g Uwmilinan) wagiuguAsTvdn 60 (44.31

3

-+

2.38 mg/g Umtinan) > g3 (39.63 + 2.17 me/g Wmtinan) waziuginanes (38.98

I+

2.07 mg/g dhuinan) > WUGYLNT (33.53 + 3.60 mg/g Yraniinan)
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PNNATIATIERUSINMEsUsEnauraTlaueen laun (+)-catechin, (-)-epicatechin,
rutin, procyanidin B1, procyanidin B2, myricetin, trans-resveratrol, luteolin, quercetin,
naringenin, way kaempferol WU (+)-catechin, procyanidin B1 wag quercetin 1uans
alueeafinuunlunanteu @ (--epicatechin, rutin wagz trans-resveratrol wulu
Usunadunans LLamajmﬁww%mmﬁﬂ Ao procyanidin B2, myricetin, luteolin,
naringenin wag kaempferol a@swatlausenviin (+)-catechin wummﬁqﬂiumamiauimwu
w23 70.05-183.65 mg/100 ¢ vmiinan avislowdlvgiusuna (+)-catechin gaiiu
100 mg/100 g drondnan vl (--epicatechin Judnulanilsvesans (+)-catechin U3una
(-)-epicatechin wugsanlumisuituslsiiiugalasiiviinamiiiu 1.70£0.25 mg/100 g
thviinan  gendwlouiuddy wavslownsiany rutin wufy  wazamnsndesdiduIn

USunausinlugeladiail U3sue 60 < Munaiau < finanes < W@adud < guns < lsdduga

< UATITENT 60 < 2173 Tmediusunauvinnu 3.09+0.39, 3.31+0.44, 3.84+0.55, 3.97+0.39,
5.02+0.45, 5.22+0.70, 5.80+0.71 wag 6.42+0.76 mg/100 g vwinan awdrsu Tusuaui

1 v 6 = v 6 ) v 1o o v 6 a A . 1 |
MiauRUEINT MUFUATTIVENT 60 Wuglsituga uwasiugyunsiivsinn rutin Luusnsing
[ A a ' ' v ¢ Ao v 6o v fa v ¢ a '
nu LLG}ﬂmﬂimm@m’muauwuﬁquiim 60 NUTNILNILLEFU NUTNNAND LLﬁSWUﬁqLGUENIWlI

o w a

DN LTyAAYN19EdA (p<0.05) NaNLBURTIANWU procyanidins dimer 719 procyanidin B1

way procyanidin B2 lpenuin procyanidin Bl 1uansuszneunaliuesandlusunumuin

] [
Y A

7140589910 catechin laganansailesdduany3una procyanidin B1 3nanlugalanail

D

a

finaves < Wedlvd < Munssay < guns < Y3suy 60 < uasswdun 60 < a3 < 1S
Mifuga IneliuTunauindu 11.62+0.35, 12.48+0.62, 19.31+2.49, 23.12+3.33, 27.19+3.46,
34.26+4.07, 35.95+4.41 way 50.83+5.46 mg/100 g Yrondnan augsu s‘z’imjauﬁusj”ts'
fthugaliuTunasnniign Ui tran-resveratrol lusiavislouiugeineg wueglurie 0.42-
3.80 mg/100 g dminan HavalauRugyunsiUSuNa  tran-resveratrol qqﬁ?j@whﬁu
3.80£0.78 mg/100 ¢ Uwitinan ganimouiusdu sesasmnfondouiugiBedl uagiiug
Wnaves vauzdl luteolin lunavdouiiusunaeglugig 0.24-1.44 mg/100 ¢ dmifnan wa
lpuugduslnaifiusunn naringin qqﬁqmwﬁﬁu 1.23+0.07 meg/100 ¢ Hwiin wawsleu
asanuUs myricetin andnatliueeddus Tnessaanulugae 0.10-0.30 me/100 g
thwitinan quercetin wuaglurag 0.77-15.26 mg/100 g tviinan Taskavaioutugeumsd

Y

USunaugeigamindu 15.2621.53 mg/100 g uwilnan genimsleuiugauegreiltedrfyna

o o

adif (p<0.05) sesasunAevslowiug Tl Wugiinanas WUGUATIIVENT 60 NUGYTIUEY 60
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o

Wugnd  duglsntuga wasugiumiway U3una kaempeferol lunavsioufiusuna

9 9

a

wanensnuluudaziiug lnelusuaeaanaasindu 0.37+0.04 mg/100 g Uwiinan (Miounug

Y

ung) wavduTinawngawiiiu 0.04+0.02 mg/100 ¢ Wwmtinan (MuouNUSAWNEL)

HaTnvesUSinamanlesanmaanud asnsasesdiuanUsinagalualaned Wugn

7 (233.08+8.28 mg/100 g Uwmtinam) WasiuduATIIvELN 60 (221.82+8.75 mg/100 ¢

o

Wwtinan) > Wugyans (163.46x6.07 mg/100 ¢ Wwmilinan) uaviugyIsue 60

o

(161.83+7.60 mg/100 g Uwiinan) > Wuglitiiuga (131.83+7.72 me/100 ¢ twitinen)

uaziusiedlml (120.36+5.42 me/100 ¢ dwitinan) > Wugtuwiuau (111.72+6.35
mg/100 ¢ Uwiinan) warWusinanes (108.73+3.81 me/100 ¢ twiinan) Inewalauesd
Y¥Un (+)-catechin, procyanidin B1, quercetin Wag rutin Wuuﬂﬂﬁqmiuwawﬂiau
PNTIATERUSIunsailudn loun callic acid, protocatechuic acid, p-
hydroxybenzoic acid, chlorogenic acid, vanillic acid, caffeic acid, syringic acid, p-
coumaric acid, ferulic acid, sinapinic acid ka¥ cinnamic acid Turavaiau wuFwdounn
WuglianwarvesUunauasyilansailudnuiioudu lngnuiinseilludnuile callic acid,
cinnamic acid, p-hydroxybenzoic acid, chlorogenic acid Wag caffeic acid Wunsaillu
Eﬂﬂé’ﬂﬁwﬂuwamaummaﬁué callic acid wulugas 1.36-6.25 me/100 ¢ Ymiinan
ylowiugidodlmiuaiugyumsiuiuunsailudnuin p-hydroxybenzoic acid 1nfign 3
Aadsintu 7.13+1.02 me/100g dninan way 6.18+1.12 mg/100g dhminan Ay

v

nsailudnyin chlorogenic acid 1udnwfianilsinumnnluraniou lnausaziiugiusuiu
chlorogenic acid wanseiueanty danulugie 1.38 me/100g Umiinan (Wusy3suy 60)
4 6,95 mg/100 ¢ Uwinan (Wuglsituga) wenanidwmsianunsailludnyin caffeic

. = & | a a a ~ A ! ! (% = ' @ !
acid  Falunsailudndnaliandsinuinnlunanieuauiy  Inenunniigalunisunugls
Miuga sesmeuAevalauRUgUATII¥ENT 60 WuYuNT Wugiinaves WugWedlusl Wugys
Suy 60 uaviugiuwnauay YadsmalauiuginIngialidny protocatechuic acid wuluwas

Y

0.01 + 0.00 mg/e Ymiinan (MugWealvyd) 89 7.89 + 1.20 me/100g Yrondnan (g
Aunaa) vatuguITug 60 wagiuslimiugansaalany vanilic acid wulumag 1.04 =
0.03 mg/100g vuiinan (Wugussud 60) fi9 2.36 + 0.15 mg/100g v (Wug
fumnauan) syringic acid wuludas 0.32 + 0.02 me/100g Twiinan (Wugmwnasaw) o
3.42 + 0.13 mg/100g U wiinan (MugLealny) usnaninsailuaninauq Anuluusuna

nlndPgiuvemslounsiagiuglneinsailudnulin - p-coumaric acid  wulwwisaing
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nsmilluanuiindug Ao 0.01-0.13 me/100g vwnan waznsailludnuila ferulic acid wu
Turs 0.51-1.48 mg/100g uwitinan nsailudnudla sinapinic acid wuluws 0.36-1.82
mg/100g Umiinan uaznialudnvila cinnamic acid wuluwas 2.01-3.38 mg/100g

wwinan  wasmveslsunsailudniauanudl - ansalsesdiuanysinaadlumla

(%
Y

1 uglsniuge (29.91+2.11 mg/100 ¢ Uwitinan) Wudyuns (28.31+3.05 mg/100 g

9

e

Wwiinan) wagiiugeslyal (25.11+2.30 mg/100 ¢ whwitinan) > Wudiinanes (22.55+4.02

mg/100 ¢ twiingn) > Wugiwnasay (17.91+1.42 mg/100 ¢ draniinan) WUFUATINVEL
60 (16.99+2.41 mg/100 g vuiinan) WugINd (15.37+2.51 mg/100 ¢ Yhuidnan) WagIug
U35ue 60 (14.01+2.42 mg/100 g Yuidnan) lngagunanisuinsailudnvdnae gallic

acid, cinnamic acid, p-hydroxybenzoic acid, chlorogenic acid wag caffeic acid law

Ly

nlpwiugliituga Wugyuns siugWednl uaziudiinanesdivsunansailudngs
nMeseivsinaueulnleeiy 7 wlia 1owA kuromanin (cyanidin 3-O-
glucoside), keracyanidin (cyanidin-3-rutinoside), malvin (malvidin 3,5-diglucoside),
delphinidin, cyanidin, pelargonidin &g malvidin Frewp3es HPLC Iumamauqﬂ WU
woulnleenfusin kuromanin wag keracyanidin iuneulnleendundniimumniigelusa

vileu U kuromanin Tusavsdouiuganeg dusunaegluyie 97.16-125.94 mg/100 g

uwtinan Inenavdeuiugussuy 60 wasnuglsniugalivsunugianyindu 125.94+4.18

WAz 123.50+6.45 mg/100g Umitinan mudiu genivseunugduee ity

)

AN RNGAG
(p<0.05) sot@wNAIVUEUILIYUNT uduATTIwENY 60 WugWedlvd waziudiinanas
YusTaunugInd  uasrlpuiudAumanaunsasliny  kuromanin - weulsliuyia

cyanidin-3-rutinoside 39 keracyanidin Wuﬂ%mmqﬁaqmﬂ kuromanin  Tagwulusag

[
Yo a

6.92-30.05 mg/100 g WnNan a@wnsaResaIdulIuIM keracyanidin mﬂﬁwiﬂqﬂﬂmu

Mungsan < 313 < Y3sue 60 < guns < wAsswdun 60 < finanes < Westlnl < 13
Miuga woulslwenfiuwlln malvin (malvidin-3,5-diglucoside) wuaglutis 1.35-15.84

mg/100 g Ymiinan wanieuuslsiiiugaiumageigaindy 1580+1.36 mg/100 g

a0

H v | 1 o el e e . < a a =~ aa
Wwidnan  genimieuiugdy  delphinidin Wukeulsleeniudnviianilsniinadseaunin

a & a e e . 1 v 61 o v 6 =1
ANNNITHATIENUIUNU delphinidin IUNaVlIEJUWUSQ@]N‘] NUIU 8 FIUNUT ATIINULNEN 6

Y

aeniug IUSunanaduegluyae 2.37-20.47 mg/100 ¢ Uwmiinan Inenaniowiuglinituga

fUSuugeianwiniu 20.47+1.69 me/100 ¢ Uwinan sedasunAevlauiugId Wug

]

[y

WATIIYENT 60 MeuRugFedIva WugyunT wagiugmunakay Yagnndouiugy3suy 60
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uaztusfinanewmsialiny uenanikaneusmmany cyanidin mewuiulaeivsuneg
lugas 0.82-4.67 me/100 ¢ Ymiinan vaedi pelagonidin fUsuneglutig 0.35-5.46
mg/100 g wminan Inenasleuiuslidituge  wesiusyunsTUIInAianwindy
5.46+0.40 mg/100 g druiinan uay 4.73+0.64 mg/100 g droninan audu gendmsleu
fiugau weulslueniuwiia malvidin fUsunueglutie 2.83-8.92 mg/100 g dmiinan Tag
wamlauiugnd Wudyuns waziudiBeslmifiviinugeiigawindu 892055, 8.430.62
WaE 8.10+0.59 mg/100 g umiinan aud iy HasmvesUsinaeulsleendy 7 via laun
kuromanin (cyanidin = 3-O-glucoside), keracyanidin (cyanidin-3-rutinoside), malvin
(Malvidin 3,5-diglucoside), delphinidin, cyanidin, pelargonidin wag malvidin Tunansiau
wuhannsadessfunnUnugdludlase Wuslitiiuga (204.93+5.07 me/100 g

wwidnan) > Wudyuns (176.77+5.43 mg/100 ¢ Wwinan) Wugidesluyd (157.37+4.07

v ¢ a

mg/100 g tmiinan) WusUATIIVAN 60 (15533+3.90 me/100 g tviinan) wazHuiy3

$up 60 (147.64+6.82 me/100 ¢ twitinan) > Wusfinanes (74.40+4.57 me/100 ¢ tmtin

9 9

an) > g (51.15+5.58 mg/100 g Umitinam) > Wugwnauay (15.71+2.59 mg/100 g
Uminan) weulnleerdusiia kuromanin way keracyanidin Huwoullgedundniinuuin

U = 3

fgelunavsion  Taevslousiuglstugaiiuiinanduneulnlviugsiign  sesaunfeius
YUNT

NNTANYINITNAADUNITATUDDNTLATUVDIA TARAINNAVNOUMEBITNITAGY 3
35 1auA DPPH radical scavenging activity, Ferric reducing antioxidant power (FRAP)

waz ABTS (2,2-azinobis [ethylbenzothiazoline-6-sulphonate]) assay WUIAANIIUNT

[

v a o Y aa ! a o w ° & o
AIUDDNYLATUAIYIS  DPPH ﬂ@ﬂmaﬂm@uaqﬂqﬁﬂLiENa’]ﬂUf\]’]ﬂGnvLUQQ@QU Abwakay <

Wealnd < Ainanes < lsmuga < guns <9717 < Y3Tuy 60 < uAsswENT 60 lnallen
FCso WiNU 1194.67 + 10.06, 1060.86 + 14.42, 594.30 + 10.12, 544.76 + 13.07, 503.69
+ 15.02, 312.96 + 18.15, 269.01 + 18.33 Uaz 241.83 + 13.55 Lg/ml auasu Tuinuiu
53'133ﬁmmﬂmjauﬁuﬁumsw%m 60  ianssunsinusendindugeniniusdueenadl

HodAneaia  (p<0.05) wayddl 2 INNTMAFBUAINTIUNITAIUDINTATY  Ferric

reducing antioxidant power (FRAP) wuinanewugnuseansninnisiueendaduaiunsa

o

Seadduaneluaeisll Munay < Wednl < finaves < guns < 113 < Y3ue 60

< upssdn 60 < lsiuga lnedlen FRAP windu 11.71 + 1.46, 12.01 = 1.25, 16.17 +
1.12, 17.07 + 1.53, 21.96 + 2.85, 23.52 + 2.44, 39.74 + 2.30 WAz 42.28 + 3.04 mg
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Fe(ll)/g mudsu azwiulainauanunsalunisiueendinduingiainmeds FRAP Tinald

v 6

lufienafenfufuis DPPH arnnsvaassikasouiuslirdugauasiusunsmadn 60
ﬁmmmamaiumiéf’maaﬂ%m%’ugqﬂdﬂﬁﬂauﬁuﬁfﬁuaﬂwﬁﬁaﬁwﬁ’zgmaaaa (p<0.05)
NMTIATIERaRENRLSIEINaITUsEnouNaluesn waznsailudnuiswilaiu
gvismsusendiaty  wuidawduiudiugannseieiinamsusznounailauoss
waznsailudnuieinfugrdlunisduoendied USina (+)-catechin finnuduiudids
vainfudsinadlluaninun warUsinamanlauessimumnesaditod @y ameada
(0.01<p<0.001) wagflauduiudideauiua ECy, Giasievisng DPPH assay) na1ifedsd
USias (+)-catechin snfidefigslunsinueendindugamuilufie uasiinrmdiniudids
winfufanssunsiueendnduiningziseis ABTS agnefifud Ay dmneadn
(0.01<p<0.001) U31au rutin fruduiudidauinfussiailuaniomn wazd3unaman

TueyavunegiidudAgnisana  (0.05<p<0.01) wagUTunad procyanidin Bl

2 '
& o 1 a

[ % & a % a a a :J/ a a v o
AMNANRLSITIUINAUUSITuanTuNe  wazUIunamanliussaisiuneg 19l Ay
N9adA  (0.01<p<0.001)  HazdAmudUNUSITIUINAUAINTIUNTATUDDNTLATUTIATIZ
AY3D FRAP ag1ditudAtyBeanieadia (0.01<p<0.001) wsliifinuduiusiuen ECs, wazlyl

U U s a . [ a2 = a gj a e’g
WUANUFUNUSVBIUTII quercetin AuUTINURludNTsuALazUSINaWa U uATIIiuA
MseANUAUNUSAUAT ECs, FRAP #58 ABTS dwisunsailudnifimnuduiusidauiniu
USiauluanianan  LagUSuamaliuesavanuansonnUdunusiual ECs, WwulRganu
wWalauewn  Usuad p-hydroxybenzoic acid fimuduiusitauinduusinailludniieun

[J

wazUsunamanliuesnisnuneg1eiiiedAyn1eaiagl  0.05<p<0.01 tag p<0.05 MUFIAY
UaZHAMNAUNUSLTIUINAUAINTINAITFIUDDNTATUNILATIZAIETS FRAP aeailtudnAsy
Ban9afid (0.01<p<0.001) ualifiauduiusiuan ECs,

USunaulludniiavus  wazUsunamanliueennanuailanudunusiduaunuianssy
nsaueanBiaty  na1AefaNIIuATINURENTIATUgUleasainIINNavdouiiUTIM
= a o a R = | ' U faa = a I
HludnnumuakasUSunamailiesanavings Jawavdeusdasiugniaisusenouiludnasi

=1 va « 4 a [ % 1 < 3 1 | 1 v fa
eilinaandiduasiueandndugemuluie aglsinuANUIHaLouLsaE UG
USunauansusenauiluanuwarmnuanusasiulunisauesndndunie3s DPPH, FRAP way
ABTS uansinafiu 1iesunanniuguasmseuiuanaieiy  anuitlunisimgugniuansiaiu
AugaNaNysel  wagdSnisquasnwr  Uadumdntvilviudaiiegananiouusiasiugll
USunauansusenauiludn  wazAuaiunsasiulunsiueendmtuluksas Nunnnanany

Tuane
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AANUIN N n’rz‘m’%&uﬁ’mmm@m‘lumﬁ LASIZH

1. mawssuasnsgvdmsuldlumsinsgiaisusenounailiuess nsniluan
uazuAlsuaLn
1.1 Wanlauees (flavonols)
mimmgmmﬂauaaﬁ%%@mmﬂ Sigma-Aldrich (Steinheim, Germany)
(-)-Epicatechin ﬁq%am'mﬂ Fluka AG (Buchs, Switzerland), Rutin 5&%@3{1%1?} Alexis

Biochemicals (Lausen, Switzerland) 1383 stock standard solutions LenAufiAIu
Wudu 500 Ug/ml Tnedasn 10 mg avaislu wsueal3uing 20 ml uasazaislag
NSWBLDY ansuasguiiunlgnundanududussning 0.01-100 pg/ml (100, 50, 25,

10, 2.5, 1, 0.5, 0.25, 0.1, 0.05 w@z 0.01 Mg/ml) w3ealaen15i3837 stock solution
Feisuen MnduiuimeessasAvasaraslaensududssenninluiese
1.2 nsaWludn (phenolic acids)
msmmgmmmmuaﬂﬁq%@mmﬂ Sigma-Aldrich (Steinheim, Germany),
luteolin gﬂ‘%@ﬂ?ﬁ]’]ﬂ Roth (Karlsruhe, Germany), caffeic acid ébﬂ%}ammﬂ Merck
(Darmstadt, Germany), ellagic acid élbﬂ‘?gjjammﬂ Fluka Chemie AG (Buchs, Switzerland)

wisuduasumspulagaranslumsiueasniiu  ellagic add Adesazanslu dimethyl
sulphoxide neuavarelulusiuea (1:4) vTeaNasTmsseglude 1-240 He/ml
LagaIN 10-80 Lg/ml dwiu qallic acid ieviinsmlumsgiu (Proestos et al., 2006)

‘1713& stock/working solutions duliludidiedl -18 °C
2. mMawsen 1,1-diphenyl-2-picrylhydrazyl (DPPH)

2.1 w38y stock solution ¥es DPPH #flmnudidu 10 pe/ml Taeds
a3asaneuInIgIy DPPH 11 1 mg azangluwsiuea 10 ml wdiusuusunsmes

weabild 100 ml wanlidwiledeniu Yadmensfduwaziumenszavnessiiioldli

a

gnuas dldiuneamall -20°C Wu stock solution

Y

2.2 \ilofiosns DPPH amududu 01 pe/ml USies 100 ml fth stock
solution ¥ FelAggaIn 1 ml ldluviauSuuiumsana 100 ml udUsulsuns
dowsuoaldld 100 ml sadlidudedenfuiouiluiuiisentuasadaidesnis
NAFRY

3. MSW3EUAITUINTFIUNIABUNSY
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WTHUATUINTEIUNTABUMIENAUTNTUTENIN 0.5-20 me/ml Taewmieulu
stock solution #1AMIINTU 50 mg/ml laadsnn 250 mg aralgmeuINauUITIFAIN
looau 5 ml Mnuudeaslidanududuaieg tawn 0.5, 1.0, 5.0, 10.0, 15.0 Wag 20.0

mg/ml

ABTS' reagent
1. ABTS' 7.4 mM wieslneds ABTS 31 0.0203 ¢ avanelutindu 5 ml
2. Potassium persulphate 2.6 mM wissalneds potassium persulphate 11
0.0035 ¢ lurthndu 5 ml

3. wawanstude 1 uag 2 Tudhsndu 101 gaun 1 ml azanelulusiuea 25 ml

FRAP reagent

1. FeCly.6H,0 20 mM wienlneda FeCl, 6H,0 31 0.0270 g azangluringu 5 ml

2. Acetate buffer 300 mM pH 3.6 wisalaeds Sodium acetate 11 2.4609 g
avaneluth 100 ml U3 pH 19l¢ 3.6

3. HCL 40 mM w3eslasarans HCL Tudludsndau 1:1 9ntugaun 0.66 ml i
11 99.44 ml

4. TPTZ 10 mM wieulaeds TPTZ 11 0.0156 ¢ avarelu 40 mM HCL U3unas 5
ml

5. @A TPTZ 10 mM 31 2.5 ml waufiu FeCls.6H,0 20 mM U311ms 2.5 ml uag

naufu Acetate buffer 300 mM pH 3.6 U3u1%5 25 ml sy water bath 7

gl 37°C W 30 uil

Total phenolic reagent
1. Folin-Ciocalteua
2. Sodium carbonate anhydrous (Na,CO;) 7% Lo3eslasazany Na,COs 7 A3u

T 100 ml

3. Gallic acid wi3ewdl 1000 Leg/ml

Total flavonoid reagent
1. 5% NaNO, w3eulaeds NaNO, 1 5 ¢ azareluiindu 100 ml

2. 10% AlCL; widsilaeds ALCL 11 10 n3u Tuthndy 100 ml
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3. 1 M NaOH U315 200 ml w3ealaeds NaOH 11 8 g i 200 ml

4. Catechin 1000 g/ml

AANUIN ¥
nsasza1susenauInanusansuun (Tutal polyphenol contents)

nsnnrininuamsUszneuindiiuoatiounarliisinenules Ussiuduay
Yunild (2505) fndnnsfefaUSinueraduduresasussneuiomaiiivglansentaoglu
Tuana uarlimisdmdnlianavesansusznauindfiuoatug sedumsianesdlusuuuui
lsifinsszyvinvesmsUsznoulndiiueadifeoglusesn Fsnmsieeiifnduduufase
eindu-sendindu (reduction-oxidation) Inefiansuszneulndiusagneentladluaninzd
Jusing MntunEnSuTtiAnTuay UIdasUssnoudsdoutain-sealwluduin

(phosphotungstic-phosphomolibdic complex) landnda Wdpundduitutazaiuise

Y - v al P
Tarmsaanduuadlanaugniniu 760 wnluwns

1. asad
1.1 Folin-Ciocalteu (1:10 Tusrusiaainlessu)
1.2 ToRguasuaiun (Na, COs) MMty 7 wWasidus

1.3 @158a18nIALAAAN AUTNTU 10 mg/ml

2. myangiliuaesusznaulndilusaluiisgsansann

2.1 Uwwsegeansann Usuns 12.5 ul Tdluvduinan 96 wau

2.2 WWuansazany Folin-Ciocalteu Usumg 12.5 pl waztUsAanlooulIung
12.5 ul g@ﬁ@iﬁﬁqmm:ﬁﬁm 6 U9

2.3 Wuansavanglaifeuaisuoiun Anudndu 7 Wesidus Usuns 125 pl walsd
ity wazthusmnlonautiines 100 pl feiisliflgaumagiives 90 wil

2.4 SaAnmsganduuasiafiniueadu 760 uiluins

2.5 dm3u blank Iildihusranlessuwnusiedasatalude 2.1

2.6 EUFUNTMUINTFIUNIALNAEN FETUI9 5T IUTURAAMUTUTULNUFIDEND ¥

& o a1 & v
@qMGUUWQUWQWﬂaWQVLﬂULUaQWU
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0.35
0.3
0.25

©

~0.15

a

O 01
0.05

ABE19N1TATUI

y=10.0031x +0.1004
R2=0.9967

0.00

I I I

20.00 40.00 60.00 80.00

ANNWINT U1 KAAINTINUINTFIUNIAUNAEN

MegnasaindeinAinisgandusaslanauenaiiu 760 wiluwns Anviiu

0.319 thendilaluaunis y=0.0031x+0.1004 fiewen x (ArUsunansaunadnlufeda)

WaUSuuasananldwindu 0.0125 ml wazansananlaainaunis

L9990

v

a1

WSIERT U

U

01

y=0.0031x+0.1004
0.319=0.0031x+0.1004

X=70.52 pg/ml

A8 1 ml JUSuunsawnadn 70.52 ug
fogne 11 ml lauandaeens 1 nsu
feg1e 1 ml AUSunansauwnadn 70.52 pg
Feg1e 11 ml AUSuunsaLnadn 775.72 ug
Meg1e 1 g USIunsALNadn og 775.72 pg

Meg1e 100 g TUTUUNTALNAGTN BY 77572 pg 138 77.572 mg
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AANUIN A
N3AATIYANE TN luNNSTIANgeYYABHTY DPPH

NMyRTERANLansalun1saueyyadasy DPPH agldisnseaulag Murakami
wazay (2004) lngiindnnishe asaratevedsyyadasy DPPH auildae Faganduuadls
# 517 uiluwns Tunsdliegwansadniignslunisvimeeyyadaselan awhlvdiung

Yosa15a¥aNy DPPH Ansaslaunnindegsansasaneidignslunisviaivevyadasstioy

1. @l
1. DPPH wisuilnnuitudiu 45 pe/ml Tuwisuea
2. Ascorbic acid
2. WhATIN
2.1 Ywmsegeansain/asuinsgiudsuins 100 UL Tdluvau microplate wan

a v

Wansazans DPPH U3inas 100 W wuidlumsueauny daialiflgamafies
30 w1 Tudiile
2.2 Sadnmsganduuadiafinnueniadu 520 uiluwes Muianwasaluns
AUaULADATY
3. MIASEUNTMNINTFINETaza1e DPPH
wisswansazate DPPH tnglianududulaesinlunasavaasadu 45, 22.5, 11.25,
5.625, 1.8125, 1.41, 0.70 way 0.35 pg/ml thluinArnsgandunasiiniaueiadu 520 ulu

wns lengmlunsgiuvesansazane DPPH
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y = 0.015x + 0.0666
R%?=0.9974

0.8 ~

Absorbance 520 nm

0 T T T T 1
0 10 20 30 40 50

DPPH (ug/ml)

ANNWINT AL NTMUINTFINVRIENTALAY DPPH

4. FI9YNNTAUIN
4.1 a5719n31UINIFIUVeIETATA1Y DPPH lngllaunisidunsine

Y=0.015+0.0666 wagdn R~ =0.9974 flauandlugy

4.2 ﬁﬂﬂ'ﬂmi@mﬂﬁuLLaqﬁlﬁmﬂmﬁmi'wﬁéf'gasm WUATIUENNTS
Y=0.015+0.0666 LilovAinuidutuvesasazats DPPH ((DPPHI,)
4.3 thananududuresansazats DPPH (DPPHI,) fildainiseunamnunueily
qUN13

% DPPH #itide =[DPPHI; / [DPPH;_o X100
Tudl [DPPHI_, i A udaduvesansazane DPPH YaviaenAIuAL (control)

4.4 111 % DPPH fimdonnudenulieglumiionsu DPPH fimdediegna wu
NMsMaaes A DPPH 1Y Tneds DPPH 1 45 fadn3u snazane
lusuead3uns 889 dadans
fufu  ansavans DPPH 889 fiaddns &l DPPH ag 45 fadndu
a1sazany DPPH 714 100 L 31 DPPH g 5.06 X 10° fadn3u

1 a ! ! o ’3 a a g
uanslurasnnaasdl DPPH 2yLNINU 5.06 X 10 uaansd
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a o

swazinie % DPPH fiwmde X 5.06 X 10° fadn3uy
%1 % DPPH fwdewiniu 50 wedldud uansindl DPPH wideeglunaon
Wi 1(50/100) X 5.06 X 10} wiriu 2.53 X 10 fiadn3u
%39 0.0253 Laansu
1USH0Ye90819 Jadndy) was1ensmauduiusseninnsy
DPPH 7 denazUSnamesiods (lulasnda) Tneliegluwnu x
4.5 1hAndu DPPH fiwide wazanmnududuvesansatn @adnsu) fildainns

Avnludaunas1ans v

. 25000 -
£ y=-1.8231x + 20.717
2 20.000

= R2=0.9889

@ 15.000 -

=

§=

T 10.000 -

o

o

O 5000 -

0 2 4 6 8
USunaunandian  (mg/ml)

AMKWINT A2 NINUTUIU DPPH a0 ana@aunuNanlauiAuLuuTunIge

4.6 MuInAT ECoy 91naunisidunseiilaainnsinlude 4.5 dufe
Y=-1.8231x + 20.717 lagliian y=0.0253 fadnsu DPPH (iffesain
ansaindinuanusalunsiueyyadass DPPH ag 50 Wesidud
Waina313l DPPH ndeeaglunasn winiu 0.0253 Tadniy
MNAMEUINT A2 savsiouldaunns y= =-1.8231x + 20.717
LW‘S']%Q%&U 0.0253 = -1.8231x + 20.717

X = 11.35 4adn5u/4ada035
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AMELINT 91 n3MNInsgIUNaIlIueea A = (+)Epicatechin, B = Catechin, C =
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unlana

Rﬂg

7000000 - E 250000 -

[ ]
6000000 ¥ =-32510+62581x y=2023.7 + 2244.5x
R’ =0.9989 2000007 R'=09995
5000000
4000000 £ 150000
g
R
i
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50000
1000000
0 | — 0 T
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ANMMVTY (mg/) Yy
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y =-2307 +4395.1x y=-75411 + 30173x
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2
400000 1 B~ 00086 R’ =0.9984
2500000 -
= 300000 = 2000000
o o
— —
g g
2 200000 2 1500000
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0 T I 0 T T T T T I
0 20 40 60 80 100 120 0 20 40 60 80 100 120
AT (mg/) AT (mg/)

AUNWINT 92 ngmlesgiunanlauess E = Myricetin, F = Naringenin, G = Quercetin

ey H = Resveratol
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ANNWINT 93 n3mlesgiunanlauess | = Rutin, J = Procyanidin B1,

K = Procyanidin B2
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AMENT 94 nsEImsgunsaludn A = Caffeic acid, B = Ellagic acid, C = Ferrulic

acid way D = Gallic acid
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AMEWINT 96 NTMUINTFIUNTABUNSE A = Acetic acid, B = Ascorbic acid, C = Benzoic

acid way D = Luteolin
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AMEINT 97 N5MNINTFIUNTABUVSE A = Lactic acid, B = Malic acid, C = Oxalic acid

e D = Tartaric acid
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Summary

Eight major mulberry cultivars [Nakhonratchasima 60 (NS 60), Buriram 60 (BR 60),
Chumphon (CP), Wavee (WV), Chaingmai (CM), Pikultong (PT), Kamphaengsaen
(KS), and Kamnanchul (KI)] cultivated in Thailand were assessed for their flavonoids
and phenolic acids composition using HPLC, and tested for antioxidant potential by
DPPH assay. The total phenolic content (TPC) was found from 104,78 to 213.53 mg
GAE/100g, total flavonoid content (TFC) to vary from 69.58 to 211.01 mg CE/100g.

The mulberry fruit revealed the mainly presence of flavonoid compounds including
(+)-catechin (309.26-750.01 mg/100g), procyanidin Bl (62.59-224.41 mg/100g),
quercetin (5.36-38.42 mg/100g). rutin (18.73-26.90 mg/100g), and (-)-epicatechin
(8.47-29.21 mg/100g). Gallic acid, cinnamic acid, and p-hydroxybenzoic acid were
found to be the major phenolic acids in mulberry fruit cultivars. The range of gallic

acid and cinnamic acid content were 7.33-23.90 mg/100g and 11.64-15.05 mg/100g,
respectively. p-Hydroxybenzoic acid ranged from 1.77 mg/100g (cultivar PT) to 7.13

mg/100g (cultivar KIJ). Scavenging abilities on DPPH radicals were excellent for
ethanolic extract of NS 60 and ECs, values of NS 60 (241.83 pg/ml) was significantly
lower than those of the others (p<0.03). TPC and TFC of the mulberry fruit showed

positive correlated to the scavenging activity of DPPH radicals.

Key words: Morus alba, mulberry, flavonoids. phenolic acids, antioxidant activity

Introduction

Naturally occurring flavonoids and phenolic acids are phenolic compounds present in
a variety of fruits, vegetables, and seeds. Several epidemiological studies suggest that
a high intake of food rich in natural antioxidants increases the antioxidant capacity of
the plasma and reduces the risk of some, but not all, cancers, heart diseases, and
stroke. These properties are attributed to a variety of constituents, including vitamins,
minerals, fiber, and numerous phytochemicals, including flavonoids and phenolic

acids (Rice-Evans er al.. 1996: Hakkinen & Torronen. 2000). For instance. the so-

called “French paradox™ has been attributed in part to the routine consumption of red
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wine due to its abundant quantity of phenolics (Rice-Evans er al., 1996). Many studies
suggest that flavonoids, a family of compounds with a C¢-Cs-Cy skeleton structure,
exhibit several biological activities, including antioxidative, antiallergic, antiviral,
antitumor, and anti-inflammatory action and antioxidant activity, which depends
mainly on the number and position of hydroxyl groups within their structure (Kim et
al., 1998; Elattar & Virji, 2000).

Mulberry is a fast-growing deciduous plant and it grows under different climatic
conditions such as tropical, subtropical and temperate throughout world. There are
three types of mulberry fruits: red mulberry (Morus rubra L.), black mulberry (M.
nigra L.) and white mulberry (M. alba L.). White mulberry originated in Western
Asia, red mulberry in North and South America, and black mulberry in Southern
Russia. In most mulberry-growing countries, especially in China and India, their
production is focused on enhancing the foliage. The leaves, being the sole food source

of the silkworm (Bembyx mori L.), the cocoon of which is used to make silk, have a

big ecological and economical importance. In Europe, they are appreciated more for
their fruits than for the foliage (Gerasopoulos & Stavroulakis, 1997). In Thailand,
mulberry fruits are as important as the other tropical fruit species such as Maoluang
(Antidesma bunius L.), Java plum (Syzygiwm cwmini L.), Santol (Sandoricum koetjape
{(Burm.f.) Merr.), etc. Mulberry fruit is a delicious fruit with a sugary-sour taste and
refreshing flavour due to its aroma components. The berries of mulberry are
consumed as the fresh fruit or in the form of various confectionary products such as
jam, jelly, paste, marmalade, frozen desserts, pulp. juice, ice cream, and wine (Dairas-
Martin et al., 2003). Mulberry fruit is a traditional Chinese edible fruit that is used
effectively in folk medicines to treat fever, protect liver from damage, strengthen the
joints, facilitate discharge of urine and lower blood pressure, laxative, hypoglycaemic,
expectorant, anthelmintic, odontalgic, and emetic (Zhishen et al., 1999), Local people
traditionally believe that deep-coloured fruits, especially red and black mulberry
fruits, are healthier for the human body (Ercisli & Orhan, 2007). Recently, it has
gained an important position in the local soft drink market, although its biological and
pharmacological effects are still poorly defined. Important constituents of mulberry

fruits are the phenolics (Lin & Tang, 2007).

Previous phytochemical studies on the fruits of these Morus species showed the

presence of fats and fatty acids, vitamin C, minerals, phenolics, and flavonoids
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(Ercisli & Orhan, 2007) and, in the case of black mulberry fruits, some organic acids
(Koyuncu, 2004) and anthocyanins (Lee er al., 2004). M. nigra berries showed also a
high antioxidant activity in the S-carotene bleaching method and against liposome
oxidation (Hassimotto er al., 2005). Moreover, the identification and quantification of
anthocyanins and flavonoids of mulberry cultivars from China and Korea are
mentioned (Lee et al.. 2004). Particularly for the mulberry varieties cultivated in
Thailand, the flavonoids, phenolic acids contents and antioxidant capacity have not
been examined in detail. The aim of the present work was to evaluate the HPLC
flavonoids. phenolic acids composition and antioxidant capacity of eight different
white mulberry (Morus alba L.) cultivars in order to draw attention to these cultivars

and to contribute to the improvement of the potential value of these fruits as food.

Materials and methods

Reagents and chemicals

2.2-diphenyl-1-picryl hydrazyl hydrate (DPPH), 6-hydroxy-2,5,7,8-tetramethyl-
chroman-2-carboxylic acid) (trolox), and BHT were obtained from Fluka (Buchs,
Switzerland). Ethanol. acetonitrile and phosphoric acid were of HPLC grade from
Merck (Darmstadt, Germany). Deionized water was prepared by a Milli-QWater
Purification system (Millipore, MA, USA). (+)-Catechin, (-)-epicatechin, rutin, fran-
resveratrol, procvanidin B1, B2, myricetin, quercetin, naringenin, luteolin, and
kaempferol standards were purchased from Sigma company (St. Louis. MO, USA).
The standard phenolic acids, including gallic acid. protocatechuic acid. vanillic acid,
cinnamic acid, and caffeic acid, were purchased from Sigma-Aldrich (St. Louis, MO,
USA). Syringic acid, p-coumaric acid, p-hydroxybenzoic acid, chlorogenic acid,
ferulic acid and sinapinic acid were obtained from Acros (Geel, Belgium). Folin-
Ciocalteu phenol reagent and TPTZ (2.4.6-tripyridyls-triazine) were purchased from
Sigma Chemical Co., St. Louis, MO, USA. Standard stock solvents of phenolic
compounds were prepared in methanol at concentration of 0.50 g/l. All sample
solvents were filtered through 0.45 um membrane filter (Millipore), and injected

directly.
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Preparation of mulberry fruit extract

Mulberry fruits (Morus alba L.) of the cultivars, Nakhonratchasima 60 (NS 60), and
Buriram 60 (BR 60) were obtained from Silk Innovation Center, Mahasarakham
University, Thailand, Chumphon (CP), Wavee (WV), Chaingmai (CM), Pikultong
(PT), and Kamphaengsaen (KS) were obtained from Queen Sirikit Sericulture
Center’'s Udon Thani, Thailand, and Kamnanchul (KJ) was obtained from
Kamnanchul Farm, Phetchabun, Thailand (Table 1). Mulberry fruits were harvested in
full ripe stage, the skin colours of mulberry fruits were dark purple to black (April
2011). Healthy mulberries randomly harvested by hand in the early morning. Berries
of uniform in size were used. Fruit width and length of samples were 12.34-14.19 mm
and 25.16-30.13 mm, respectively. The collected berry samples were frozen
immediately after arrival and stored at -20°C until extraction time. Storage time was
less than 2 months. The frozen berries (75-100 g) were thawed in a microwave oven
and homogenized. According to Lee and Wicker (1991), mulberry fruit (50 g) was
homogenized and extracted in 100 ml of 70% ethanol for 4 h at room temperature.
Then the extracts were filtered throngh Whatman No. 1 paper under vacuum, and the
residue was repeatedly extracted with the same solvent until it was colourless and
centrifuged (10 min, 5000g). The two filtrates of ethanol were combined and

evaporated under vacuum at 50 mm Hg pressure and 50 °C to obtain dry extract. The

extracts were placed in a plastic bottle and then stored at -20°C until used.

Determination of total phenolic content (TPC)

The total phenolic contents of the extracts were determined using Folin-Ciocalteu
reagent as described by Singlaton and Rossi (1965). Briefly, 12.5 pl of the samples
were mixed thoroughly with 12.5 pl of distilled water and 12.5 ul of Folin-Ciocalteu
reagent (previously pre-diluted 10 times with distilled water). After 6 mins, 125 pl of
7% sodium carbonate (Na;COs) and 100 pl of distilled water were added and allowed
to react for 90 min. at room temperature. The absorbance was measured at 760 nm
using microplate reader spectrophotometers (Synergy HT. BiotTek instruments,

USA). Samples were measured in three replicates. A standard curve of gallic acid
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solution (6.25, 12.5, 25, 50, 100, 200 and 400 pg/ml) was prepared using the similar

procedure. The results were expressed as mg GAE/100 g.

Determination of total flavonoid content (TFC)

A colorimetric assay (Kim ef al., 2003) with some modifications was used to quantify
total flavonoid content. Briefly, 25 ul of the diluted sample or (+)-catechin was added
to 125 pl of ddH»0. Subsequently, 7.5 pul of NaNOs solution (5%) was added to the
mixture and allowed to stand for 5 min, 15 pl of AICl; (10%) was added. The mixture
was incubated at ambient temperature (25°C) for an additional 5 min. Following that
50 ul of 1 M NaOH solution was then added to the mixture. The mixture was
immediately diluted by the addition of 27.5 ul of ddH-O, thoroughly mixed, and the
absorbance of the mixture was determined at 510 nm against a blank prepared with

ddH->O using a microplate reader (Synergy HT, BiotTek instruments, USA). Total

flavonoids were expressed as milligram (+)-catechin equivalent 100g™" (mg CE/100g).
through the calibration curve of (+)-catechin. All samples were analyzed in three

replications.

Determination of free radical scavenging using DPPH method

The antioxidant activities of all extracts were evaluated through the free radical
scavenging effect on 2.2-diphenyl-1-picrylhydrazyl (DPPH) radical. The
determination was based on the method proposed by Akowuah er al. (2005). Briefly,
100 pl of 0.2mM DPPH methanolic solution was added to 100 ul of the sample
extracts. The mixture was thoroughly mixed and kept in the dark for 1 hr. The control
was prepared by mixing 100 pl of DPPH and 100 pl of methanol. The absorbance was
measured at 520 nm using microplate reader spectrophotometers (Synergy HT.
BiotTek instruments, USA). The capability of extracts to scavenge the DPPH radical

was calculated using the following equation:

DPPH scavenging effect (%) = ((Ag —A )/ Ag) x 100
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Where Ay was the absorbance of the control and A; was the absorbance in the
presence of the sample. The actual decrease in absorption induced by the test was
compared with the positive control. ECsy value was determined from the plotted graph
of scavenging activity versus the concentration of extracts, which is defined as the
amount of antioxidant necessary to decrease the initial DPPH radical concentration by
50% (17). Triplicate measurements were carried out and the ECy; value (ug/ml) was
determined for all the extracts. Ascorbic acid and BHT were used as the reference

compound (ECsy = 10 pg/ml and 90 pg/ml, respectively).

Determination of flavonoids by RP-HPLC-DAD

Determination of flavonoids was carried out as described in detail elsewhere (Butkhup
& Samappito, 2008) and 20 pl of the clear samples were analyzed by reversed-phase
HPLC with DAD. HPLC apparatus consisting of Shimadzu (Shimadzu Cooperation

Analytical & Measuring Instruments Division Kyoto, Japan) LC-20AD Series
pumping system, SIL-10AD Series Auto injector system and SPD-M20A Series

Diode array detector was used to record online UV spectra of the phenolic compounds
in the samples. The data were collected and analyzed with a Shimadzu computing
system. The column used was an Apollo Cig (Alltech Associates, Deerfield, IL, USA)
(¢ 4.6 mm x 250 mm, 5 pm) protected with guard column Inertsil ODS-3 (@ 4.0 mm x
10 mm, 5 pm; GL Science Inc., Tokyo, Japan). Twenty pl of each sample were
analyzed using an HPLC system. The mobile phase for phenolic compounds
determination was acetlonitrile/deionized water (2/97.8, v/v) containing 0.2%
phosphoric acid (solvent A) and acetonitrile/deionized water (97.8/2, v/v) containing
(0.2% phosphoric acid (solvent B) at a flow rate of (.6 ml/min and column temperature
was at 40 °C. The UV-Vis spectra were recorded from 190 to 400 nm, with detection
at 254 nm. The linear gradient started with 20% solvent B, 50% solvent B at 30 min,
60% solvent B at 35 min, 20% solvent B at 40 min at isocratic elution until 55 min.
Quantification was carried out by comparing the retention times and the spectra as
well as by the addition of standards. The concentrations of flavonoids were calculated

with the help of a corresponding external standard.
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HPLC analysis of phenolic acids

HPLC analysis was performed using Shimadzu system (Japan), including LC-20A
pumps, SPD-M20A with diode array detector and chromatographic separation were
performed on an Inertsil ODS-3 column (4.6mm x 250 mm, 5 pm) (GL Sciences,
Japan). Phenolic acids in mulberry fruit extracts were determined by reversed-phase
HPLC. All samples were filtrated through a 0.45 pm pore size syringe-driven filter
before injection. The mobile phase consisted of 1% phosphoric acid (solvent A) (pH
2.58) and acetonitrile (solvent B) at a flow rate of 0.8 mL/min. Gradient elution was
performed as follows: 0=5 min, linear gradient from 5% to 9% solvent B; 5-15 min
hold at 9% solvent B; 15-22 min, linear gradient from 9% tol1% solvent B; 22-38
min, linear gradient from 11% to 18% solvent B. 38-43 min, from 18% to 23%
solvent B, 43-45 min, from 23% to 30% solvent B. A washing period of 9 min with
80% solvent B and re-equilibration period of 15 min with 5% solvent B were used
between individual runs. Operating conditions were as follows: column temperature,
38 °C; injection volume, 20 pL; UV-diode array detection at 280 nm. Phenolic acids
in the samples were identified by comparing their relative retention times and UV

spectra with those of authentic compounds.

Statistical analyses

All the compounds and parameters reported below were evaluated in triplicate, in
each of the samples. The statistical analysis of the data was carried out by analysis of
the variance (ANOVA) and the DMRT (Duncan’s Multiple Rang test) to show
measurements which can be considered statistically different. p-value of <0.05 was

regarded as significant.

Results and discussion

Mulberry fruits are a good source of sugars, acids and anthocyanin pigments, which
are important constituents of juices, beverages and wines. Epidemiological and

experimental studies reveal a negative correlation between the consumption of diets

rich in fruits, and vegetables and the risks for chronic angiogenic diseases, such as
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cardiovascular diseases, arthritis, chronic inflammation and cancers, diabetes, stroke,
neurodegenerative diseases, including Parkinson's and Alzheimer’s diseases as well
as inflammation and problems caused by cell and cutaneous aging (Lin & Tang,
2007). antidiabetic (Asano et al., 2001), antioxidantive and antiinflammtory activities
(Kim et al., 1998) and antihyperlipidemic activities (Kim ef al., 2001). These
physiological functions of mulberry fruits may be partly attributed by their abundance
of phenolics. Mulberry fruits are good sources of phenolics, including flavonoids and
anthocyanins (Song-Hwan & Hyung-Joo, 2007). These antioxidant compounds can
delay or inhibit lipid oxidation, by inhibiting the initiation or propagation of oxidizing
chain reactions, and are also involved in scavenging free radicals (Kim er al., 1998;
Cai et al., 2004; Song-Hwan & Hyung-Joo, 2007).

Phenolic compounds are some of the most effective antioxidative constituents in
plant foods such as fruits, vegetables, and grains; thus it is important to quantify their

phenolic contents and to assess their contribution to antioxidant activitv, The total

polyphenolic contents (TPC) of mulberry fruits were evaluated by using Folin-
Cioacalten method which is a rapid and widely-used assay to investigate the TPC.
This method is based on reducing the power of phenolic hydroxyl groups; however, it
is known that different phenolic compounds have different responses to the Folin—
Cioacalteu reagent (Lin & Tang, 2007). TPC is expressed as mg of gallic acid
equivalents (mg GAE) per gram, which was determined from known concentrations
of gallic acid prepared similarly. The results showed that the TPC in the selected
mulberry fruit cultivars varied considerably. TPC from different mulberry fruit
cultivars ranged from 104.78 + 8.46 to 213.53 + 11.33 mg GAE/100 g (Table 2). This
study showed that TPC in the selected mulberry fruit cultivars as: NS 60 (213.53 =
11.33 mg GAE/100 g) > BR 60 (182.61+ 12.27 mg GAE/100 g), WV (180.27 + 8.07
mg GAE/100 g), KJ (178.93 + 11.89 mg GAE/100 g) > CP (151.93 + 11.94 mg
GAE/00 g) > PT 60 (120.81 + 10.08 mg GAE/100 g), KS (114.21 + 9.42 mg
GAE/100 g) > CM (104,78 + 8.46 mg GAE/100 g). The highest TPC was observed in
NS 60 cultivar and the lowest was observed in CM cultivar among the selected
mulberry fruit cultivars. The results agree well with those of Ercisli er al. (2010), who
reported TPC in different genotypes of black mulberry as gallic acid equivalent
ranging from 183.6 to 248.3 mg/100g. The TPC in different mulberries ranged from
150.0 to 257.0 mg/100g (Bae & Suh, 2007; Lin & Tang, 2007; Hojjatpanah et al.,
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2011). The average phenolic content in black mulberry accessions from all over
Turkey was 273.7 mg/100g GAE (Ozgen et al., 2009). The variation of phenolic
compounds in the fruits depends on many factors, such as degree of maturity at
harvest, genetic differences, and environmental conditions during fruit development.
Mulberry fruit has many physiological functions. Many phenolic compounds are
antioxidants. They are may contribute to reducing human diseases such as cancer,
arteriosclerosis, brain disorders and hearth diseases (Cano & Arnao, 2003).

This study showed that total flavonoid contents (TFC) in the selected mulberry
fruit cultivars as: NS 60 (211.01 £ 10.03 mg CE/100 g) > WV (161.98 + 9.14 mg
CE/N00 g), KJ (153.50 £9.42 mg CE/100 g) > BR 60 (101.04 + 5.18 mg CE/100 g) >
CP (90.01 + 5.08 mg CE/100 g), PT 60 (85.61 +4.19 mg CE/100 g) > KS (69.58 +
7.13 mg CE/100 g), CM (64.55 + 6.32 mg CE/100 g) (Table 2). Among the studied
mulberry fruit cultivars, NS 60 had the (p < 0.05) highest TFC with average value of
211.01 £ 10.03 mg CE/100 g. The TFC in selected mulberry fruit cultivars in this
study were higher than reported for five major mulberry [Pachungsipyung (M-1),
Whazosipmunja (M-2), Suwonnosang (M-3), Jasan (M-4) and Mocksang (M-5)]
cultivated in Korea ranging from (.56 to 6.54 mg/100g (Bae & Suh, 2007) and Morus
alba was 14.2 mg/100g (Lin & Tang, 2007). The results agree well with those of
Ercisli and Orhan (2007), who reported TFC in white (Morus alba L.), red (Morus
rubra L.) and black (Morus nigra L.) mulberry fruits grown in the East Anatolia
Region of Turkey ranging from 29 to 276 mg/100g. The TFC in different mulberries
ranged from 150.0 to 257.0 mg/100g (Baes & Suh, 2007; Lin & Tang, 2007;
Hojjatpanah er al., 2011). Differences in terms of phenolics and flavonoids content are
due to genetic derivation because all plants were of the same age and grown under the
same ecological conditions. It is reported that plant genotype (Scalzo et al., 2003) and
cultivation (Hakkinen & Torronen, 2000) affect total phenolic and flavonoid contents
in fruit.

In recent years, there has been a growing interest in obtaining biologically active
compounds from natural sources. The potential dangers of some synthetic
antioxidants, such as butylated hydroxytoluene (BHT) and butylated hydroxyanisole
(BHA), have been documented, and this has stimulated the substitution of synthetic

antioxidants by natural ones (Seeram et al., 2006). Table 2 shows the comparison of

the mean concentration for 50% free radical scavenging activity (ECsp) of ethanolic
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1

2

3 extracts of mulberry fruits against 50.62 pg/ml of DPPH radical. The ECsp of vitamin
g C and BHT were 0.01 mg/ml and 0.09 mg/ml respectively, which is stronger than
_? other ethanolic extracts of mulberry fruits. There were significant differences in terms
8 of ECsy of examined mulberry fruit cultivars in the present study. ECsp values in
?0 scavenging abilities on DPPH radicals were in a descending order of KS >CM > PT >
1; KJ > CP > WV > BR 60 > NS 60. Scavenging abilities on DPPH radicals were
13 excellent for ethanolic extract of NS 60 and ECsp values of NS 60 (241.83 ng/ml) was
15 significantly lower than those of the others (p<0.05).

1? Phenolics are the compounds allowing some chemical activities in vegetables and
j]g particularly in fruits such as taste, colour formation, and browning, and their positive
20 effects on human health are more emphasized in recent years (Kim er al., 2003; Cai et
g; al., 2004; Butkhup & Samappito, 2008). The results of previous studies (Elattar &
gi Virgi, 2000) showed that some of the phenolic components such as quercetin and (+)-
25 catechin had anticancer activities, and these components were able to inhibit cancer
g? cell growth. There were significant differences in terms of phenolic contents of
gg examined mulberry cultivars grown in the Northeast region of Thailand in the present

30 study (Table 3). The mulberry fruit extracted by ethanol revealed the presence of
g; many kinds of phenolics such as (+)-catechin, (-)-epicatechin, rutin, procyanidin B1

gi’ (epicatechin-(4p—8)-catechin),  procyanidin = B2  ((—)-epicatechin-(4p—8)-(-)-

35 epicatechin), quercetin, myricetin, frans-resveratrol, luteolin, naringenin, and

g? kaempferol. The main flavonoids present in mulberry fruit cultivars: NS 60, BR 60,

gg WV, KJ, CP, PT 60, KS, and CM, were (+)-catechin, procyanidin B1 and quercetin

40 obtained by DAD coupled to HPLC. The highest (+)-catechin was obtained for a WV

j; (750.01:18.02 mg/100g), followed by a NS 60 (726.02:11.80 mg/100g), KJ

ji (591.71:13.70 mg/100g), BR 60 (506.35:14.31 mg/100g). CP (410.20:12.66

jg mg/100g), PT (406.53:13.14 mg/100g), and CM (392.77:16.82 mg/100g); the lowest

47 (+)-catechin was obtained for a KS (309.26:18.34 mg/100g), The procyanidin B1 had

jg the highest content in the ethanolic extracted from KIJ (224.41£17.05 mg/100g),

g? followed by NS 60 (156.67+13.16 mg/100g), WV (150.75£13.06 mg/100g), BR 60

52 (113.38:10.20 mg/100g), KS (104.17=12.23 mg/100g), CP (86.31:6.14 mg/100g), PT

gi (62.59:2.35 mg/100g), and CM (59.64:2.10 mg/100g), respectively. The quercetin

gg had the highest content in PT (58.42:3.05 mg/100g). followed by CP (56.98:4.03

57 mg/100g), NS 60 (52.85£2.24 mg/100g), KJ (43.54£0.10 mg/100g), WV (36.18+£0.24

9

60

Institute of Food Science and Technology

159113 “msfnvidSeuidisulinamathiuesd uazgnsiueandinduveantiouaeiiugeng” 173



Woo~-Nd®m Ok W =

International Journal of Food Science & Technology

mg/100g), CM (34.68:3.44 mg/100g), and BR 60 (31.88:1.36 mg/100g). Pawlowska
et al. (2008) reported that quercetin 3-O-glucoside content in the white mulberry
(Morus alba L.) and black mulberry (Morus nigra L.) was in the amounts of 29 and
34 mg/100g, respectively. Similarly, the results of this study show that the quercetin
content in the CM and BR 60. In addition, Gundogdua et al. (2011) reported that the
quercetin was also present in the white mulberry (Morus alba L.), red mulberry
(Morus rubra L.), and black mulberry (Morus nigra L.) in the amounts of 1.50, 4.80,
and 11.30 mg/100g, respectively. Similarly, the results of this study show that the
quercetin content in the KS§ is 5.36 mg/100g. Rutin was present in the white in the
mulberry fruit cultivars: WV (26.90£2.26 mg/100g), NS 60 (26.51£2.30 mg/100g),
KJ (23.96+0.44 mg/100g), KS (23.03+2.18 mg/100g), PT (20.69£2.11 mg/100g), CM
(18.99:1.32 mg/100g), BR 60 (18.89+1.16 mg/100g), CP (18.7346.14 mg/100g).
These finding had higher content than those in a study by Zhang er al. (2008), they
reported that the quantification of nonanthocyanin phenolic was performed by HPLC-

DAD, which revealed that rutin (11.14 and 9.089 mg/100g FW) was the major

nonanthocyanin phenolics in the 2 mulberry cultivars. (-)-Epicatechin, procyanidin
B2, myricetin, fran-resveratol, luteolin, naringenin and kaempferol were also
presented. Among the flavonoids assayed, myricetin and kaempferol had found the
lowest level. However, these compounds analysed in this study were presented lower
than those of reported by Sultana and Anwar (2008), who reported that the
kaempferol contents of mulberry fruit were 28.43 mg/100g.

The content of phenolic acids in berries is affected by the degree of maturity at
harvest, genetic differences (cultivar), preharvest environmental conditions,
postharvest storage conditions, processing and cultivation (Hakkinen & Torronen,
2000; Scalzo er al., 2005). Phenolic acids constitute about one-third of the dietary
phenols, and they are present in plants in free and bound forms. Gallic acid and
cinnamic acid were found to be the major phenolic acids in mulberry fruit cultivars.
Gallic acid in cultivar BR 60 (23.03£2.18 mg/100g), NS 60 (23.34+2.68 mg/100g).
and WV (22.9441.20 mg/100g) had higher content than other cultivar; KJ
(16.04£1.34 mg/100g), PT (13.14£1.36 mg/100g), KS (11.38+1.05 mg/100g), CP
(9.4241.22 mg/100g), and CM (7.33:1.12 mg/100g) (Table 3). Cinnamic acid was the

second most abundant phenolic acid detected in the mulberry fruit cultivars

investigated in the present study. The range of cinnamic acid content was 11.64-15.05
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mg/100g. A high content of cinnamic acid was obtained in thecultivar PT with
average level of 15.05+1.53 mg/100g. p-Hydroxybenzoic acid ranged from 1.77
mg/100g (cultivar PT) to 7.13 mg/100g (cultivar KI). The ranking of mulberry fruit
cultivars on the basis of p-hydroxybenzoic acid contents in decreasing order is KJ
(7.132£1.02 mg/100g) > NS 60 (6.1821.12 mg/100g) > CP (4.924£0.61 mg/100g) > BR
60 (4.77£0.42 mg/100g) > WV (4.14+0.30 mg/100g) > KS (2.98+0.26 mg/100g) >
CM (2.89=1.10 mg/100g) > PT (1.77+0.13 mg/100g).

Univariate regression analysis between some flavonoids and phenolic acids and
antioxidant activity are summarized in Table 4. There were good correlations among
parameters measured for flavonoids and phenolic acids. (+)-Catechin content had the
highest positive correlations (0.01<p<0.001) with TPC, TFC, while it had the strong
negative correlations (0.05<p<0.01) with DPPH radical scavenging activity. Rutin
content gave strong positive correlations (0.05<p<0.01) with TFC. Procyanidin B1
content gave strong positive correlations (0.0 1<p<0.001) with TPC and TFC but no

correlation with DPPH. However, no correlation between those parameters and

quercetin content was observed in mulberry fruit. For phenolic acids, there were good
correlations between the TPC, TFC and antioxidant activities based on DPPH radical
scavenging and gallic acid content. In addition, TPC and TFC was positively
correlated with p-hydroxybenzoic acid content (0.05<p<0.01 and p<0.05,
respectively) but not with DPPH radical scavenging in the mulberry fruit.

Antioxidant activity is found to be linearly proporational with phenolic contents.
Oktay er al. (2003) reported a strong positive relationship between total phenolic
contents and antioxidant activity, which appears to be the trend in many plant species.
The relationships between TPC and antioxidant properties of many plants (e.g..
common vegetables, fruits, spices and medicinal herbs) were investigated in previous
studies (Shan er al., 2005; Wong et al., 2006), and reported that phenolic compounds
in many plants significantly contributed to their antioxidant properties. Fig. 1 shows
the correlation between TPC and DPPH assay of mulberry fruits. Correlation between
DPPH radical scavenging activity (¥) and TPC (X) was established as an equation (¥
= (.0286X — 2.1723), and a highly significant linear correlation (R* = 0.8125) was
obtained. Results shows a positive correlation coefficient between the TPC and DPPH
assay of mulberry fruits (r=0.902) which is high significant (0.01<p<0.001). The

increased DPPH activity of mulberry fruits is related to an increase and accumulation
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of phenolics in the fruits. Antioxidants are secondary metabolites produced by most of
plants but in different content to protect against oxidative damage by free radicals
(Elzaawely et al., 2007). Correlation between DPPH activity (¥) and TFC (X) was
established as an equation (Y = 0.0178X + 0.2023), and a high significant linear
correlation (R1 = (.5612) was obtained (Fig. 2), and the results also demonstrated
positive correlation coefficient between the TFC and the DPPH assay of the mulberry
fruits (r=0.750), that was high significant (P<0.05). Meanwhile, coefficient of
determination (Rl) was measured on how well the regression line represents the data
which shows the association between TPC and DPPH assay (R*=0.8125) in Fig. 1 and
between TFC and DPPH assay (R*=0.5612) in Fig. 2. In this study, it seemed that, the
higher TPC of mulberry fruits resulted in higher antioxidant activity as similarly
reported by Cai et al. (2004), Shan er al. (2005) and Wong et al. (2006). A significant
and linear relationship existed between the antioxidant activity and phenolic content
of mulberry fruit thus indicating that phenolic compounds are major contributors to

antioxidant activity.

Conclusion

The demand for fruit species containing flavonoids and phenolic acids has been
increasing due to the identification of flavonoids having anticarcinogenic effects in the
studies in recent years. Mulberry is also included in this fruit species. The antioxidant
capacities, TPC, TFC and phenolic contents of eight major mulberry cultivars widely
cultivated in Thailand were evaluated. The highest TPC and TFC were observed in
cultivar NS 60 among the selected mulberry fruit cultivars investigated. The mulberry
fruit extracted presence of many kinds of phenolics such as (+)-catechin, (-)-
epicatechin, rutin, procyanidin B1 (epicatechin-(4f—8)-catechin), procyanidin B2
((=)-epicatechin-(4f—8)-(-)-epicatechin), quercetin, myricetin, rrans-resveratrol,
luteolin, naringenin, and kaempferol. The main flavonoids present in mulberry fruit
cultivars were (+)-catechin, procyanidin B1 and quercetin. Gallic acid and cinnamic
acid were found to be the major phenolic acids in mulberry fruit cultivars. Mulberries
are a rich source of phenolics, with high levels in cultivar NS 60. This cultivar is the
most potent mulberry fruit cultivar (lowest ECsg value) and with highest TPC, TFC

and good phenolic contents. A significant correlation was obtained between
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antioxidant activity (DPPH assay) and TPC indicating that phenolic compounds
contribute significantly to antioxidant activity of the investigated mulberry fruit. The
results obtained demonstrated that the mulberry fruit with high antioxidant activity

exhibited relatively high TPC and TFC.
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Table 1 Mulberry cultivars used for phenolic composition and antioxidant trait assays

Cultivar name  Origin

NS 60 Silk Innovation Center, Mahasarakham University, Thailand
BR 60 Silk Innovation Center, Mahasarakham University, Thailand
CP Queen Sirikit Sericulture Center’s Udon Thani, Thailand

WV Queen Sirikit Sericulture Center’s Udon Thani, Thailand

WO~ EWwN =

11 CM Queen Sirikit Sericulture Center’s Udon Thani, Thailand
12 PT Queen Sirikit Sericulture Center’s Udon Thani, Thailand
14 KS Queen Sirikit Sericulture Center’s Udon Thani, Thailand

16 KI Kamnanchul Farm, Phetchabun, Thailand
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Table 2 Total phenolic content, total flavonoid content and antioxidant activity of methanolic

International Journal of Food Science & Technology

extracted from mulberry fruit

Cultivar name

TPC
(mg GAE/100g)

TFC
(mg CE/100g)

TFC/TPC

DPPH assay
(ECso, pg/ml)

NS 60
BR 60
CP
A%
CM
PT
KS
KI

21353+ 11.33a
182.61x12.27b
151.93 £ 1194 ¢
180.27 +8.07b
104.78 +8.46 ¢
120.81 +10.08 d
114.21 £9.42d
178.93+11.89b

211.01 £10.03 a
101.04 £5.18 ¢
90.01 £5.08d
161.98 +9.14 b
64.55+£6.32e
85.61£4.19d
6958 £7.13 e
153.50+9.42b

0.99
0.55
0.59
0.90
0.62
0.70
0.61
0.86

241.83£13.55a
269.01 £ 18.33b
503.69 £15.02d
31296 £ 18.15¢
1060.86 + 14.42 g
59430 £ 10.12 f
1194.67 + 10.06 h
54476 £ 13.07 e

All analyses were the mean of triplicate measurements + standard deviation. The ECs; value is
defined as the amount of extract necessary to decrease the initial DPPH radical concentration by 50%.

Values in the same column with different lower-case letters are significantly different at P < 0.05 as

measured by the DMRT.
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Table 4 Correlations among mulberry fruit antioxidant activities and some flavonoids and phenolic acids and

total phenolic content and total flavonoid content.

Flavonoids Phenolic acids
(+)-catechin rutin procyanidin B1 ~ quercetin gallicacid  p-hydroxybenzoic acid
TPC 0.849%**  (.551 Q721%* 0318 0.854 ¥%* 0.808**
TEC (925%% (. 8]1%* 0.756%* 0.343 0.743 %= 0:711%
DPPH  -0.759%* -0.299 -0.426 -0.592 -0.796%* -0.540

TPC: total phenolic content; TFC: total flavonoid content; DPPH: radical scavenging activity.

Significance: *, p < 0.05; **, 0.05 < p < 0.01; and ***, 0.01 < p < 0.001.
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Legends to Figures

Figure 1. Linear correlation of antioxidant activity (1/ECsp) (Y) versus the total phenolic

oo ~NoOU Pk wihN =

10 content (X) of mulberry fruit

14 Figure 2. Linear correlation of antioxidant activity (1/ECsp) (Y) versus the total flavonoid

16 content (X) of mulberry fruit
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Antioxidant activity (1/EC50, mg/ml)"
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