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2.3 Flavan-3-ols and flavonols synthesis. .......oooiivieieriroinriieiis i
2.4 Structure of VIDUEMN. ...ooir e
2.5 Schematic representation of the effects of alcoholand ...................ocooo.

phenolic compound on risk factors for CHD.

4.1  Alcoholic content of Exotic (a) and Shiraz (b) wine during ............o.coovvenvieeennn

4.2
43
4.4
4.5
4.6
4.7
4.8
49
4.10
5.1

52

5.3
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Alcoholic fermentation.

Changes of t-resveratrol during alcoholic fermentation of Exotic wine.

Changes of TPC during alcoholic fermentation of Exotic wine. ........................
Changes of epicatechin during alcoholic fermentation of Exotic wine. .....cevevoveen.
Changes of catechin during alcoholic fermentation of Exotic wine. .....................

Changes of quercetin during alcoholic fermentation of Exotic wine. ..................

Changes of syringic acid during alcoholic fermentation of Exotic wine.
Changes of gallic acid during alceholic fermentation of Exotic wine.
Changes of cinnamic acid during alcoholic fermentation of Exotic wine.

Changes of p-coumaric acid during alcoholic fermentation of Exotic wine.

Total phenolic content (TPC} in V. vinifera products, juice, .........coovuveeveneeneann..

pomace extract and wine, expressed as mg/l GAE.
Each sample was measured in triplicates. All values are mean + S.D.

Values with differing in small alphabets are significantly different (p << 0.01).

Total phenolic compounds absorbed in the mouse plasma after ..........coooooveeinnen.

oral administration of grape juice and pomace extract at different times.

DMSO was use as the vehicle. Data represents the mean + S.D. (n=3) and p <0.01.

Electrophoregram of standard trans-resveratrol (200 mg/1) showing ....................

the retention time of resveratrol (in vitro) at 12 minutes

analyzed by capillary electrophoresis, detection wavelength at 220 nm.

12
12
15

36

37
38
40
41

44
45
46
47
69

70

72
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54 CE electrophoregram of 16 mg/l resveratrol-spiked plasma (ex vivo) .....ooiiiin
showing the separation of resveratrol at the retention time, 12 minutes,
detection wavelength at 220 nm.
5.5 CE electrophoregram showing the separation of resVeratrol .........ccoooeriiiinieiiiiien
detection of plasma samples. A, plasma sample as a control.
B, resveratrol-spiked plasma (ex vivo). C, 20 mg/-resveratrol
spiked wine plasma (in vivo). Detection at 220 nm.
5.6 Transmission electron micrographs of liver cells of ..o
ICR mouse normal control at 2 and 6 months (A, B) and
6-month oral administration of 10% DMSO (C) and 12% ethanol (D).
Lys = lysosome, M = mitochondrium, N = nucleus, GER = granular
endoplasmic reticulum, AER = agranular endoplasmic reticulum,
Gly = glycogen granule, V = vesicle.
57 Transmission electron micrographs of liver cells of ..o
ICR mouse at 6-month administration of 0.5 ml/day grape juice (A),
0.15 g/kg grape pomace extract (B), 0.5 ml/day wine (C), and 20 mg/kg
resveratrol (D). M = mitochondrium, GER = rough endoplasmic
reticutum, AER = agranular endoplasmic reticulum, Gol = Golgi complex,
Gra = granule, Gly = glycogen granule, V = vesicle.
6.1 The two-chamber containner with a perforate divider. The smaller .......coooooromnnns
compartment was for brine shrimp egg hatching. The larger compartment
was for the nauplii, migrated toward the light.
6.2 Antiproliferation effects of grape pomace extract, grape WARE, s sssnessase
and resveratrol (0-1,000 [Lg/ml) on mouse myeloma cell line at
6, 12, and 24 hours. Control cells were maintained in the vehicle
for the indicated time periods. Data represent mean + $D (p <0.05)

of three independent experiments.
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7.1 Apoptotic morphology of myeloma cells induced by .......coooiiiiiiiiiiiiniienenen, 108
grape pomace extracts (GPE) and stained with Heochst 33258:
10 [lg/ml-treated cells at 6 h (A, D and G); 100 [lg/mi-treated cells at
12 h (B, E and H); and 1000 Jlg/ml-treated cells at 24 h (C, F, and I).
The arrows indicated the apoptotic cells. Bar = 100 [im.
7.2 Apoptotic morphology of myeloma cell induced by ......oooovvieiiiiiiiiinni 109
grape wine (GWI) and stained with Heochst 33258:
10 g/ml-treated celis at 6 h (A, D and G); 100 flg/ml-treated cells at
12 b (B, E and H); and 1000 plg/mi-treated cells at 24 h (C, F, and I).
The arrows indicated the apoptotic cells, Bar = 100 [im.
7.3 Apoptotic morphology of myeloma cell induced by ......oooooiiiiiiiiiiiniiinsieninan., 110
. 100 ug/ml resveratrol (RES) as positive control, stained with
Heochst 33258 for 6 hr, (B), 12 hr (C) and 24 hr (D). Panel A was untreated
myeloma cells as control. The arrows indicated the apoptotic cells. Bar = 100 Lm.
7.4  Comparision of mouse myeloma apoptosis induced by .........oocovieeiiiiniviiirinnnnn. 112
grape pomace extract (dash bars), grape wine {opened bars) and resveratrol
_ {filled bars) at 10-1000 ug/ml and 6, 12 and 24 hours. (mean + SD, n = 3, p < 0.05).
7.5 DNA fragmentation of myeloma cell line (P3X63, Ag8.653) eeoviviveivnieieeienann, 116
| induced by grape pomace extract (GPE) at various concentrations and
incubation times on 1.5% agarose gel. Panels: A, 6 h; B, 12 hand C, 24 h.
Lane 1, marker; lane 2, untreated cells; lane 3, resveratrol; lane 4, 10 ug/ml;
lane 5, 50 ug/mi; lane 6, 100 ug/ml; lane 7, 200 ug/ml GPE; lane 8, 500 ug/ml;
and lane 9, 1000 ug/ml.
7.6 DNA fragmentation of myeloma cell line (P3X63, Ag8.653) ..ovvoeeeeuieernneeinnnini 117
induced by grape \;vine (GWTI} at various concentrations and incubation times
on 1.5% agarose gel. Panels: A, 6 h; B, 12 h and C, 24 h. Lane 1, marker;

lane 2, untreated cells; lane 3, resveratrol; lane 4, 10 ug/mi; lane 5, 50 ug/mi;
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7.7

7.8

7.9
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lane 6, 100 ug/mi; lane 7, 200 ug/ml GWI; lane 8, 500 ug/ml; and lane 9, 1000 ug/ml.
Western blot analysis for apoptotic proteins in myeloma cells ..o
induced by 10 ug/ml resveratrol (RES), grape wine (GWE) and

grape pomace extract (GPE) at 0-24 h of incubations. The protein lysates were
separated on 12% SDS-PAGE and the electrotransferred blots were detected by
specific antibody probes and developed by HRP- TMB (Tetramethylbenzidine).
Western blot analysis for apoptotic proteins in myeloma cells ...
induced by 100 ug/ml resveratrol (RES), grape wine (GWE) and

grape pomace extract (GPE) at 0-24 h of incubations. The profein lysates were
eparated on 12% SDS-PAGE and the electrotransferred blots were detected by
specific antibody probes and developed by HRP- TMB (Tetramethylbenzidine).
Western blot analysis for apoptotic proteins in myeloma cells ..o
induced by 1000 ug/ml resveratrol (RES), grape wine (GWE) and

grape pomace extract (GPE) at 0-24 h of incubations. The protein lysates were
separated on 12% SDS-PAGE and the electrotransferred blots were detected by

specific antibody probes and developed by HRP- TMB (Tetramethylbenzidine).
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: aémﬂuwa‘lﬁﬁﬁmsﬂszﬂﬂu polyphenols ﬂ?mmqamﬂ ‘ﬁﬁﬂﬁﬁ1ﬁf§1€1’uﬁ phenolic acids,
flavonoids, anthacyanins 1A% proanthocyanidins ﬂ%qﬁu‘lé’ﬁmmﬁuhﬁiamsﬂsxﬂa‘u phenolic
.'(:ompounds fifluetrann zﬁ'mmﬂmsﬂszsﬂ%f:ﬁﬂixiﬂ‘vﬁﬁieqmﬂwwLﬂuaéw'ﬁ:& su'lAund]
‘sz@nsavuily antioxidant ﬁﬁ}ﬂﬁﬁ?ﬂnﬂu free radical scavengers uasé’ugaﬂmﬁﬂ oxidation
484 lipoprotein 1¢ Taninm1zSudsnsifia oxidation Vo4 low-density lipoprotein (LDL) &uihy
3_'ﬁﬁ;ﬂﬁgﬁﬂﬁnﬁﬂ‘hﬂﬁ’ 71918 Luand Foo (1999) T8fnusuunaislszney polyphenols lunin
'Ii%"f‘};l!.‘i/iﬁﬂ‘i]’lﬂﬂ'li ﬁﬁﬂﬂ]ﬂ@ﬂ\juﬁwﬁuﬁ’ Chardonnay A28 NMR spectroscopy WH@13 polyphenols
-_'ﬁy'mm 17 ¥1iA  HBNDINAGUUDI phenolic campounds fndauda falans phenolic Usztan
'étiibene luaéuuaz'hﬁ (Siemann and Creasy, 1992; Romero-Perez et al., 1999)
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:'.lrans~resveratrol Vlﬂﬂéaﬁ{id Lwiuhjq agtﬁvﬂ?mm cis-resveratrol  A9UN15 19 bentonite, gelatin,
;_Siiica, egg white L&Y diatomnaceous earth 'lﬁﬁwaﬁﬂﬁ’q ﬂg&%ﬂﬂ?ﬂ‘lm resveratrol
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{trans-Piceid) (cis-Piceid)

Figure 2.1 Structure of resveratrol and its glucoside

(Linus Pualing Institute’s Micronutrient Information Center)

b
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2 aentlszneuindivesaguuazlai

. 1 o' r Ao ' b . v
lnideasibsensuunni 500 %nﬂﬂn1%1ﬂ9§utlﬁ$1ﬂﬂ1ﬂ metabolic by-products 38H TN

sy

- maniin (Soleas et al, 1997a) panlsznovdnnnniilfuantes udutaviioniigaia 100 m

9 1

E]Qﬂﬂ‘i ﬂ@ﬁﬂﬂﬂ%ﬂ@%’)uﬂﬂ ethanol alcohol ‘iﬂllﬁ WIN 10— 14 % Wﬂﬁ?ﬂiﬁﬁ@ﬂ’limﬂi SRERTRT

<

uauﬂmmwmqﬂiwm'na’uwmaa"hu uaﬂﬂmuwflumima”mtmaﬂﬂ pigments L% tannins

TuswnRumzwineuszninemsndn (Van de Wiel, van de Golde, and Hart, 2001)

2.2.1 Acids

Y o = 9 qy LY ' ' o o & &4 ﬂ .
_ ﬂﬁﬂﬂuWEULﬂuﬁ1ﬁﬂi‘H3ﬁ£ﬂ553ﬂ”@§uilﬁ$1'ﬂu nNIRIUNI oY szInMAs avtiailu malic

':::"id.:ﬁiﬁmmtﬂumw“luaémsaz"hﬁ Uinansaezannuiiooduusiiui Tavavz ugaedil
mmﬁ?au meldanreimeulfinmnsafszasiiuasin iy a8y onnn Seims
cly ﬁaai:c acid E‘ﬂuﬂ‘ﬁuﬂﬂﬁuI,Wﬂﬂ’]ﬁuﬂ'smﬂmﬂﬂ’;} ASATHATDININING tartaric acid °h’~‘l;‘;Jﬂi§J1m
mn?uam ez mJ'5:umu,‘wuﬁJuiu"lmmﬂmsﬁamawmaaumUmwuﬂ {Jackson, 2000) A5A

gr_ﬂﬂ 'uﬂﬂlﬂuﬂﬁﬁiﬁﬁﬂTﬂﬂWiﬂN'lH“UEN !LUﬂﬂl'ﬁﬂiu?‘i'ﬁNﬂ?iﬁlﬁﬂiiUﬁ malolactic fermentation

(=3

: ﬂsﬂwwuﬂimmueu“lu"huﬂﬂwwmﬂa acetic acid MARTEHIN yeast fermentation 1317 <

300 mg/t nazthuduunduuazsafidudeuldsylnd ualudfuamnnssildgamniide

Ninzfindusan ldiduhveusuvesdfs Tnn (ackson, 2000)

2.2.2 Sugars

o

H <
HIA1A glucose 10T fructose Li'.‘luu'zmawaﬁlummm"hu iJSiI']ﬂJUWI'iﬁ?JN'IﬂH‘EJU‘UuﬂU

b

ﬁ'lEJW'H‘ﬁ W‘L!ﬁ ANUIUNDY !Lﬁ“"ﬁ‘Uﬂ'lW“UﬁNENu lﬂlﬂilﬂﬂﬂlﬂll‘ﬂ EN‘L! Viti vinifera NHWI']BENE]\?

= 4
20% wounadrtuniifuTue alcohol ge (dry wine) nummﬂ"lugnmﬂﬂsmmmﬂuav 9

e Hd ¥
mummﬂumma pentose 81Y1 arabinose, hamnose, mannose WA xylose agll e glucose

:%f'fructose Useuu1-2 g/l (Jackson, 2000)

2.2.3 Phenolic compounds and related polyphenols

Phenolic %50 polyphenol nuefemsisznouniiniilnsaadan &t aromatic ring Ung

£

- 1 =§ ) 3 o’: 4 c{ i =
Wi hydroxyl (-OH) ¥ My NIBUINAN Laass'mmm'sﬂgyaﬁumﬁm‘ﬁ’m 01N esters, methyl

3 3t
ers, glycosides 1A% By % (Harborne, 1989) dTu1m phenolic compound Y1441 (total phenolic
content, TPC) Tueguudazdan uazlylnilanuuandisiu Ty Waterhouse and Teissedre (1997)

wauine TpC Tulnikinii Califoria ftseana 1850 - 2200 me/t dmda Imiun uag 220
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- 250 mg/ dmsuIndvn ms wﬁﬁ"l:nﬁmwﬁﬂmmf'm\ju (free-run juices) finseanineaniii Iy
HUSu18t resveratrol 1@ phenolic  compound ?i'u 9 é"szjﬁaﬁum Uszinnang phenolic
compounds TwlniuidIdiu 2 ﬂﬁjuﬁi‘} flavonoids L@¥ non-flavonoids 131iuasiias flavonoid
Fomwa1 - 3 g uazlnfvnfsznm 02 g iy uammﬁmsnsjm non-flavonoid 1
Y5z 0.2 - 0.4 g/l (Waterhouse, 1995) Tasseriisveeans phenolic compounds FUAAN 7 A

UaRs 13 Table 2.1

= oy o 1 3 a 1 a o o o =
Fiavonoids § Iur mazwanvesodu nuthudnilsslufwazdrdu (Jackson, 2000) siiah
wumaiu‘huﬂlﬁ’ud ﬂiq"}d flavan-3-ols (catechin, epicatechin, tannins), flavonols (quercetin,
5
kaempferol, myricetin) UD¢ anthocyanins (cyanin) 114:{1! eIy H?E}ﬁ"ﬁﬂi%ﬂﬂﬁﬁl}ﬁmm‘iugﬂ
o & =3 5 ]
glycosides NMIAHUATIZH T phenolic iRl TaurIY shikimic acid pathway (Figure 2.2} 14
cinnamic acid 1482 coumaric acid WA IUAY acetyl CoA 71790 Krebs cycle Hatulaseads
Yy 3 + ]
KU flavan-3-ols 1A flavonols (Figure 2.3) M1l anthocyanins aflumﬁﬂﬁmnﬁqﬂiuaéu
(Yi, Meyer and Frankel, 1997}
r A T @ A . ¢ L= =4
IR flavan-3-ol ﬂWﬂﬂ’iﬂiu@%uMﬁL"‘l'}u f18 ctechin 8% epicatechin Mi]'!ﬂﬂluﬁlﬂﬂl!ﬁg
a 3 1 P s =1
Astuuazetawutieluegueou (ETS laboratories, 2006) Tu haviunafiszunn 10 - 50 mg/l
- = o N 2 =1 r R R &
nazo193igeda 200 mgA 1113114 (Singleton and Esau, 1969) ¥4018008 1431 dimeric 130
polymeric forms (proanthocyanins) n3o30f Ml condensed tannins (Fugelsang et al., 1995)
U = ] . ) :
QY flavonols mummmaguiugﬂ glycosidic forms mmmmﬁu glucose #151lsznoy
b » L4
fhﬁmjluﬂfguuvlﬁ'uﬂ kaempferol, quercetin UL myricetin  ¥i9U quercetin frutipefumsifono
MU UV DUAI04U (Price et al, 1995) NAL anthocyanins Hungualdduas siafinuly
aémmﬂﬁud malvidin-, delphinidin-, peonidin-, cyaniding- 0¥ petunidin-3-D-glucoside Taodl
-~ 1 o o
malvidin sﬂu‘mﬂwwumniuaguwuq V. vinifera
. LR d” Ao e o
Non-flavenoids msﬂssﬂauclu"l’mﬂquuﬁlu phenol MULINMIU T N L‘lﬂjuﬂhﬁwuﬁiﬂﬂ
3 ¥
hydroxycinnamic acid U0ig hydroxybenzoic acid 7013 ﬂqnﬁamﬂﬂmﬂms esterification AUNWND
- v cfcl é c; 1 & o = i
#1780 alcohol mﬂuﬂquuaﬂﬂszmwumwuc{uaguﬂa stilbenes 0%  stilbene glycosides
] w & . ] v
Stilbenes ﬁ‘]ummquwwuﬁ ethylene 2 phenol rings WHHIH A ﬁ‘l’il‘l, hydroxyt 2 ﬂiql}‘?l

4 ]

m-position YULHNUNIY B 1901 hydroxyl HaE methoxy unuan o-, m- LLA% p-position Tnodi

3
= Yoo o

A ar " . .
trans-resveratrol MILIUAWNUNTINAUNIN (Zoecklein et al., 1993) m%wu“iugﬂ dimer, trimer

QG
] r

ey polymeric stilbenes M3 H58A31 viniferin (polydatin) ﬁ\igﬂﬁ 2.4 (Gorham, 1980)
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_t_;le 2.1 Principal phenolic compounds in grapes and wines’

General structure Examples

% b
Major source

R=H,¥=Y1,R*=H: Epicatechin

R=H,Y=Y2 R'=H: Catechin

R=0H,R’=H : Quercetin
=R’'=H : Kaempfercl
R=R'=0H : Myricetin

H

Anthqcyanins s R=R’=0CH, : Malvidin
j' o O O R=R’=OH : Delphinidin
5 H R=0CH,,R’=H : Paeonidin

R=0H,R’=H : Cyanidin

Yimereen
R
OH
o
"
-

3 I 0. Q
(2]
(2]
Q
o

R=0CH,,R’=0H : Petunidin

Non-flavonoids

R R=R’=H : p-Hydroxybenzoic acid
H(__)@ COOH R=0OH,R’=H : Protocatechuic acid
R R=0CH,,R’=H : Vanillic acid

R=R’'=0H : Gallic acid
R=R’=0CH, : Syringic acid
R RS R=R’=0H : p-Coumaric acid
rdroxycinnamic “U‘@I R=0OH,R’=H : Caffeic acid
R’ R=0OCH,,R’=H : Ferulic acid
R=R’=QCH, : Sinapic acid
O ™ R=R'=OH : trans-Resveratrol
“ O = R=0-Gle,R*=0H : trans-Piceid

O o o o

:éta adapted from Amarine and Ough (1980)

3= Grape, O = Qak
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Glucose

Shikimic acid pathway

v
Phenylalanine

]

Amonia

Cinnamic acid and Coumaric acid

Figure 2.2 Shikimic pathway (Balentin, 1992)

Glucose Cinnamic acid or

Coumaric acid

Acetyl l Malonyl _\l
o
Co-Enzyme A CoA

Chalcones
Dihydroflavonols
0 O OH O
(1] CLJ
OH
o \ ©
Flavan-3-ols Flavonols

Figure 2.3 Flavan-3-ols and flavonols synthesis (Balentine, 1992)

Figure 2.4 Structure of viniferin (Gorham, 1980)
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5 EN'I‘MW‘U’J'I mamummwmw 0.69 — 14,47 mg/l °1f<1i)1%1"lumum&1ummmn’; %umﬂ'smm

LWEJ\‘I 1.44 mg/l (Romero-Perez et al, 1999) ASEUIUMSHASR 9 FeHINMTUULACANAT
. . “ 5 Vet | a w  dy e 9
i (prcssing 1Y skin color extraction procedures) pradnam il lundasusiareiula

Y g oot o o o gt o w o
ANUVUVUYUUDY  resveratrol ‘luul'ﬁ.ll]‘ij%%U‘H‘ﬁ'}ﬂﬂi3ﬂ1§1’ltﬂﬂ?‘lj'€l\1ﬂﬁ’]ﬂm 217N NI

E"ﬂam mﬂwummmu UAZNIZUIUMSHAR 191 Lamuela-Raventos and Waterhouse (1999) uag

.Goldberg et al, (1995) wmﬂ%umﬂ‘wuﬁ Pinot noir nﬂsmma’a‘nﬁﬂ WUREIAUIT VUV

_'____McMunrey (1997) “HQiJiJ'lﬂﬂ’ﬂ 2 % n1iu 'Iaumuwu‘q Cabernet Sauvignon 1182 Merlot 11NN
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Sy i o 4 Aa oo B [T ¥
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Botritis ag UV-light (Soles et al., 1997a)
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T S amy ' - . v, il i A 4 o4
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:: i -
L

ar Ed FI q’: e . . . a o
Aniunsnidn lni lao19oduviai (skin contact fermentation 138 maceration) 9711 18 1A%

:resveratrol mﬂ'ﬂ’m Mattivi and Nicolini {1993) ﬂﬂﬂuﬂ"huamamaﬂaluwtm Trentmo region
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S o N ¥ed o a wa “a P a o oW
;_ViiE]ctuﬂ»&]luiﬂﬂﬂﬁﬂnm‘iqmulﬁﬂ resveratrol [H49UARNTITANAZNOH NITODWATU HAZMT



14

=3 S = ' 5 . .
@,ﬂﬂdﬁnﬂlﬂﬂﬁiﬂﬂ ms 14 clarifying agents 071 199717 diatomaceous earth, bentonite 1D gelatin
o = ¥ [} o
wilvgaude resveratrol tiwaaniios (Vrhovsek et al., 1997) uams Wiwiunsesenavi ldqady

resveratrol ‘lﬁﬁ’w l!,ﬁimﬂ% 211 charcoal %zﬁﬂﬁqaﬁmmﬂ (Soleas et al., 1995)
¢ ¢
2.3 hirlnazilszlovinoguammn

o A 2 5 2 a1 ¢ 1 £
Indidinnsosduilszinn alcoholic beverage filinatlszTusiaaguain mafinyl
=1 n,:’ t § Ca] 4
wWhinsausn ey St Leger, Cochrane, and Moore (1979) wuhnisan laigsaamsaioiionn
o % o J &
ﬂTﬁLﬂuTiﬂﬁﬂﬂﬂiﬁﬂﬂQﬂﬂu (coronary heart disease, CHD)} T4 1na17 “Franch Paradox” 4
2 ar £t & o ¥ a a = A o
‘H3J'3£!QQ%'I'JPJ?Qiﬂﬁﬂﬂ’ﬁﬁ?muﬂﬂﬁﬂﬂ CHD ﬂ']1}'1ﬂim3]3llﬂ1iﬂiiﬂﬂq‘ﬁNHNWﬂLW‘ﬂ%'}JﬂﬁﬂNnh‘Ll
o % < a o .é’ 34 4 a o .
Sutsesr uazmsaulalmldiuSiim go  geiulAiiosniszGnBn MY phenolic
o ¢ YU o oa 4 A
compounds {Gronbaek et al., 1995) VeI usnnuoanagaandi laideliesmlsznsudu q
e 2 a & s v o A '
sz ToniluFagunm Feeadisznoumaniu Aa a131/5en0Y polyphenols Taummwizoud
< ¢ < J : o . . 5.3 : _
galulniuas %Q\lﬁuﬂ phenolic acids (p-coumaric, cinnamic, caffeic, gentisic, ferulic URE vanillic
acids), trihydroxyslilbenes (resveratrol (8% polydatin) LR flavonoids (catechin, epicatechin LR
. L a;-:s o = @ . Ao LY
quercetin) ri'fiuﬂu fﬁiﬂ‘i%ﬂﬁl‘ﬁ‘nyﬂi'i?ﬁlﬂu’]ﬂﬂ’qﬂklﬂuﬂ resveratrol LB quercetin NUFMUTULR
1714 antioxidant NS 2ANTATHUIANN O-tocopherol %50 vitamin E
s
Resveratrol 1102 polydatin AVTOHUHINITHSHUUDY cholesterol LAY triglyceride Tudiy
YNy (rats LA mice) UazranUTuIMUDY triglyceride U@y LDL (low-density lipoprotein) 11
A £ = st o a ] a o . 3
o mmmﬂummq‘lwﬂmnumsmﬂmmaumaﬂummmwmm% (Arichi et al., 1983)
o o = Y ar
uaeluwraany HepG2 (human hepatocarcinoma) NWIZAES (Goldberg et al., 1995) Wangu
o ar : o = ar Y w 1
m‘sﬁﬂmqmﬁmsfmms’m(ﬂaﬂﬂmﬂaumauﬂamﬁaﬂtjﬂé’z’umﬂuﬂg Chung et al. (1992) uag
b
' @ ar ar o
Shan (1988) 91171 resveratrol mmmﬂumminuﬂumﬂmnaummmamﬁaﬂ (platelet) 919
t o i _ w n’j ar
nszato'ld ey Soleas et al. (1997b) ANUIY resveratrol 1A quercetin BUHINITIIMAU
Fl ¥
ANAZNENTDA platelet 10aAH 1A 3 1184 cthanol  uA ivUENBIFUTININ wine phenolics 1Az
g a o ] =]
dietary antioxidants BU 7 Gehm (1997) WUATIENWUIT resveratrol 1tlu phytoestrogen wiodu
' = & g o =
agonist 919 estrogen receptor NNINLNY estradiol 1111805 iy estrogen VINTITUTIA A
A = a o o o 9 ]
sm:ﬁflu'nmmmw estrogen ﬁuu’dqumsﬁ}imﬁﬂawaﬁuzammun U@ estrogen DIVTIUTIN
ar o -] 9 1 3 [l o 1
Asasumsiialsarlsdumanld athelsPam Lu and Serrero (1999) WU resveratrol iy
] as n’:’ = [ o a
antagonist A9 estrogen I@]UU‘UU%MSLﬁ)iﬂlﬁl@@i“ﬁﬁﬁh&i&&ﬁ?ﬂﬂ (MCF-7) ludnumz dose-

dependent fashion
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. o'=f s & 'y o F4 N
Phenolic compounds Tnitlilse@nsmnintes cells BRI DATUMTNTAAIUBUYDBTTY

(free radicals) HONVIN resveratrol waadad phenolic compounds Yiadu 71 Goldberg et al. {1995)

SUNUNE flavonoids Su 1Ak quercetin, rutin, catechin, epicatechin upazgiallszansnm

;‘ﬂééﬂuﬂﬁlﬂﬂ oxidation ¥4 LDL ‘18 10 814 20 119049 vitamin E 1a% Frankel et al. (1993)
.;31&&’!’14’3'&71\3 resveratro} 8% quercetin uﬁsuﬁmmwm‘isﬂu antioxidant ¥1AAI vitamin E 11
_: ‘ti‘ﬂ@dﬂum'ﬂﬂﬁ oxidation 983 LDL QEENM‘L!‘HEF ‘Vl‘iJm'iﬂSwﬁuﬂ'JEJ copper (copper-catalyzed
.oxxdatlon) Belguendouz et al. (1997) 51847471 resveratrol ‘ﬂ'!?’ilﬂ“]’liﬂtitlﬂi A copper %Iﬂém‘Vi
;ﬂavonmds U (quercetin, epicatechin, catechin) 9% TU59UNY free radicals LAWLIT resveratrol 92

jbhlti@‘i'sllﬂ‘u ferrous  ions %ﬁﬂﬂﬂ resveratrol 114 antioxidant ﬂmmwmﬂmmumimu

f::_.i.:"'ldatlon w09 LDL usnie $ufin oxidation "lﬂﬂiﬂﬂﬂ'liﬂ‘iwﬂu‘?}?)d copper (Fremont et al.
:1999) e 1‘5?19‘111! Belguendouz et al. (1998) 5IIUN resveratrol 'VN 2 isomers H1N15091 free
dxcai ladwe 9 iU Chanvitayapong et al. (1997) AE1791 M3 antioxidant 14 cell membrane
_ﬂsm-. resveratrol  JUszANEN NG mmmﬂﬂmaumﬂ amphiphatic character Tasaadaaiins
hydrophllic 118 hydrophobic sites

" ®130gN anthocyanins Lﬂuaﬂﬂawuaﬂmmﬁwm scarvengin antioxidant nomwiziu

éil.ﬁ.‘tjlm\fl (Sainst-Cricq de Gaulejac et al., 1999) anthocyanins % IUOANITINA atherogenesis {101%
oxzdatlon Y99 LDL 571091471 anthocyanins L‘ﬂu antioxidant ‘ViiJﬁﬁ'ﬂﬂ’J'i vitamin C %59 BHT
(Mazza and Miniati, 1993) ﬂaum“ﬁ‘]uﬂﬂaumwm%mw mﬁmw alcohol ?JWﬁW@ﬂ'I'iﬂ’JUﬂ?J
:ﬁﬂ??gﬂfﬂ\ﬁ?ﬂﬂ?ﬂuﬁgﬁ’ﬁﬂf‘tll phenolic compounds °1u"l'.1uua$mﬂgm}z°n’mﬁmﬂu oxidation

93 LDL #9351 2.5 (Wollin and Jones, 2001)
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Abstract

The phenolic contents and antioxidative properties of selected wines, produced in the northeast of Thailand, were evaluated an
pared, particularly those produced at Suranaree University of Technology (SUT) Farm as a case study. Nine wine varieties were.
evaluate their total phenolic content (TPC) by Folin~Ciccalten method, free radical scavenging efficacy by DPPH method and redy
power by ferric reducing-antioxidant power (FRAP) method. The red wines had significantly higher {p < 0.05) amounts of total p|
flavonoids and antioxidant activities {AA) compared to white wines. Capillary electrophoresis (CE) was used as a powerfu} ang@
performing tool for analysis of principal phenolic compounds in the wines. r-Resveratrol was found in Shiraz, Zinfandel and bIé.ﬁ
wine varieties, (+)-Catechin was found in all wine varieties, except in Chasselar Dore. {t)-Catechin was present in wines at a high
than {-)-epicatechin. In red wine, gallic acid was the dominant phenolic acid found.
© 2007 Elsevier Lid. Al rights reserved.

Keywords: Wines; Antioxidant property; Capillary electrophoresis; Thailand

1. Introduction noids and non-flavonoids. The major flavonoids in ¥
include conjugates of the flavonols: quercetin and m
The phenolic antioxidants in red wines have been pro-  tin; the flavan-3-ols, (+)-catechin and (—)-epicat
posed as an explanation for the lower death rate from cor-  and anthocyanins. The non-flavonoids include the hy
onary heart disease in France referred to as “The French  ybenzoates: p-hydroxybenzoic acid and gallic aci
Paradox” (despite high fat intake, mortality from coronary  hydroxycinnamates: caffeic, caftaric, and p-coumaric
heart disease is lower in some regions of France thaninthe  and the stilbenes: trans (‘t)-resveratrol, cis {c)-resve
other developed countries due to regular wine consump-  and f-resveratrol ghucoside. ;
tion) (Kannel & Ellison, 1996; Renaud & de Lorgeril, The antioxidant activities of these phenolic compoul
1992; Wollin & Jones, 2001). Phenolic compounds in wine  in wines as well as their individual pure chemicals b
play an antioxidant role in both biological and food sys-  been investigated using many procedures such as the si2
tems. They have many favourable effects on human health, 1,1-diphenyl-2-picrylhydrazyl (DPPH)} radical m
such as inhibition of oxidation of low-density lipoprotein (Sanchez-Moreno, Larrauri, & Saura-Calixto, 1999
cholesterol, and inhibition of platelet aggregation (Frankel, ferric reducing-antioxidant power {(FRAP) method {
Waterhouse, & Kinsella, 1993; van de Wiel, van Golde, & inic, Milos, Modum, Musie, & Bodan, 2004). .
Hart, 2001), thereby decreasing heart disease risks. Pheno- Capillary electrophoresis (CE) is one of the useful t¢
lic compounds can be classified into two groups: the flavo- niques to evaluate phenolic constituents in wines. It
efficiency and capacity to resolve a complex of n

" Corresponding author. Tel.; +66 44 22 4265; fax: +66 44 22 4387, compounds were the reasons for choosing this technig
E-mail address: ikanok-orn@sut.ac.th (K.-O. Intarapichet). The successful application of CE for wine and polyp

0308-8146/% - see Mront matter © 2007 Elsevier Ltd, All rights reserved.
doi:10.1016/j.loodchem.2067,02.020
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tination has been demonstrated (Frankel, Water-
& Teissedre, 1995; Gu, Chu, O'Dwyer, & Zeece,
Minussi et al., 2003; Sadecka & Polonsky, 2000).
mounts of active polyphenols in wines are dependent
pe variety, geology, environment and wine processing
que (Frankel et al, 1995). Just more than 10 years
wine production in Thailand increased considerably;
ever: there is little knowledge of phenolic contents and
sxidative properties of wines produced in different regions
ailand. Therefore, the purposes of this study were to
tc_ the contents and antioxidant qualities of phenolic
unds in some selected wines produced from grapes
n in the northeast region of Thailand particularly those
 Suranaree University of Technology (SUT) Farm and
btain the phenolic profiles of such wines.

__3_t'é:'r'ials and methods

1-Diphenyl-2-picrythydrazyl (DPPH) was obtained from
Chemical Co. (St. Louis, MO, USA). Tripyridyl-s-tri-
¢ was obtained from Acros Organics (Morris Plain, NJ,
SA The polyphenol standards commonly found in wines
used for CE determination: resveratrol, {(+)-catechin,
picatechin, rutin, syringic acid, p-coumaric, acid, caffeic
“gallic acid, protocatechuic acid (Sigma Chemical Co.,
ouise, MO, USA), cinnamic acid, p-hydroxybenzoic
quercetin, gentisic acid (Acros Organics, Morris Plain,
USA) and salicylic acid (Asia Pacific Specialty Chemi-
d., Seven Hills, Australia). All other chemicals and
vent.s_ were reagent grade and purchased from Sigma
d Fisher Scientific, Inc. (Pittsburgh, PA, USA).

Sample colfection

Five red wines: Shiraz, Muscat Hamburg {China), Zinfan-
larbera (vintage year 2003 and 2004), and Muscat Ham-
£ (vintage year 2004); three white wines: Ttalia, Chasselar
- (year 2003), and Chenin Blanc (year 2004) obtained
.SUT farm; and a commercial blended wine (red wine;
ing Pa Ya Yen) purchased from a local food store in Na-
on Ratchasima Province, were used for this experiment.

Determination of phenolic compounds

" Total phenolic content

The total phenolic contents (TPC) were determined by
lin-Ciocalten method (Matthaus, 2002). Sample solu-
n'of 0.1 ml was introduced into a test tube and then
il of 2% of sodium carbonate were added. After incuba-
0 for 2 min, 0.1 ml of Folin-Ciocalteu’s reagent (Folin-
calteu: methanol, 1:1, v/v) was added. The absorbance
Smeasured at 750 nm after incubation for 3¢ min. Gallic
d was used as chemical standard for calibration. The
IPC content of the sample was expressed as mg of gallic

d equwa]ents per litre of sample (mgGAE/]).

2.3.2. Flavonoid content

The possible use of formaldehyde to precipitate the fla-
vonoid phenolic compounds has been proposed for wine
{Ough & Amcrinc, 1988). To 10 ml of wine sample, 5 ml
of HCLH,O (L:4, v/v) solution and 5 mi of 37% formalde-
hyde were added, left for 24 h and filtered through 0.45 um
polyethersulphon membrane (Supor®Acrodisc®, Pall Life
Sciences, Gelman Sciences Inc, Ann Arbor, MI, USA).
The amount of flavonoid was calculated as the differences
between total phenols and non-flavonoids in wine. The fla-
vonoid content was expressed in mgGAE/L

2.4. Determination of antioxidant activity

2.4.1. Free radical scavenging activity

The DPPH method (Sanchez-Moreno et al., 1999} was
used to determine free radical scavenging property. For each
solution, different concentrations were tested using gallic acid
as a standard for calibration, and expressed as mg gallic acid
equivalents per litre of sample (mgGAE/). Sample solution
of 0.1 ml was added to 3.9ml of a 2.5 x 1072 g/t methanolic
DPPH solution. The tube was kept for 45 min in the dark,
then the absorbance was measured at 515 nm. Antioxidant
activity of the sample was defined as the amount of antioxi-
dant necessary to reduce the initial DPPH concentration by
50% (Efficient concentration = EC50 mgGAE/l).

2.4.2. Ferric reducing-antioxidant power (FRAP)

Measurement of reducing ability of the antioxidative
property was performed using the FRAP method (Katali-
nic et al,, 2004). The working FRAP reagent was prepared
by mixing 10 volumes of 1.0 mol/] acetate buffer, pH 3.6
with 1 volume of 10 mmol/! TPTZ (2.4,6-tripyridyl-s-tri-
azine) in 40 mmol/l hydrochloric acid and with 1 volume
of 20 mmol/l ferric chloride.

In a reaction tube, sample solation of 50 pl and 150 pl of
deionized water were added into 1.5ml of the FRAP
reagent. Absorbance was measured after 8 min. A standard
curve was prepared using different concentrations {100-
1000 pmol/l) of FeSO, - TH,0. The antioxidant efficiency
of the sample solution was c'aléulatcd with reference to
the standard curve given by a Fe?* solution of known con-
centration. Ferric reducing power of the sample was
expressed in mmol Fe?¥/L.

2.5. Analysis of phenolic component

2.3.1. Sample preparation

For liquid/liquid extraction, 1 ml of wine was extracted
twice with 1ml of diethyl ether. The organic phase was
completely dried under nitrogen gas and re-suspended with
1 mi of ethanol (50%). Wine sample was filtered through
0.45 pm polyethersulphon membrane.

2.5.2. Capillary electrophoresis procedure
Capillary electrophoresis analyses were performed using
an Agilent Technologies (Santa Clara, CA, USA) model
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G1600AX, equipped with a diode-array detector. Amn
extended light path capillary tube of 50 pm i.d. {Agilent)
with effective and total lengths of 56 and 64.5 cm, respec-
tively, was used. Electrophoretic analyses were performed
at an applied voltage of 15 kV at 25 °C.

The sample was hydrodynamically injected at 5.10° Pa
pressure for 7s. Between analysis, the column was flushed
with 8.1 M sodium hydroxide for 1 min (1.75 pl), deionized
water for 2 min (3.5 pl) and electrophoretic buffer for 3 min
(5.25 ul). Electrophoretic buffer was a mixture of phosphate
25 mmol/l and borate 10 mmol/l, pH 8.5. Detectable wave-
lengths were from 190 to 400 nm. The wavelength for f-resve-
ratrol was at the maximum wavelength of 206 nm. The
wavelengths for other phenolic compounds were taken from
the work of Minussi et al. (2003). All CE analyses were per-
formed in duplicate. Before being used, ali solutions were fil-
tered through a 0.45 pm polyethersulphon membrane,

2.6. Statistical analysis

Two replicates of each wine variety were experimented.
Each replicate was chemically analyzed in duplicate sam-
ples. Statistical analysis was evaluated in a completely ran-
domized design (CRD) with Statistical Analysis System
{1993) and means comparison by Duncan’s Multiple
Range Tests (DMRT) were analyzed. A p <0.05 was con-
sidered statistically significant. .

3. Results and discussion
3.1, Total phenolic content and antioxidant activity of wines

The TPC contents of red and white wines ranged from
1498 to 2432 mgGAE/] and 306 to 846 mgGAE/l, respec-

tively (Table 1). The contents of phenolic compounds
similar to those presented by Waterhouse and Teis
(1997) who reported the variability in the levels of
phenolic content (TPC) ranging from 1850 to 2200
for red and 220 to 250 mg/l for white wines and ment;
that grape skins and seeds had long contact time d
fermentation process for red wines giving high am
of these compounds. Different vintage years gave'd
ences in phenolic composition. The average TPC of §
and Zinfandel wine produced in vintage year 2004 wer
nificantly higher than those wine varieties produced in
2003. However, Muscat Hamburg (China) red winein
tage year 2003 contained TPC twice as much of the
produced in year 2004. These were in agreement
Waterhouse and Teissedre (1997) that TPC and indivi
compounds varied depending on vintage year. The
wines had significantly higher amounts of total ph
and flavonoids compared to white wines, except in
white wine variety. The amounts of flavonoids ra
between 74.27% and 91.74% of TPC for red wines:a
29.35% and 67.46% for white wines, while the non-flay
noid phenols in wines ranged between 195 a
576 mgGAE/l for red wines and 159 and 275 mgGAE
for white wines. There was no significant differe
non-flavonoids between red and white wines.
The free radical scavenging activities, EC50s, " det
mined by DPPH method of red and white wines werer
significantly different, ranging from 3.1 to 6.8 mgG.
except in wine produced from Chasselar Dore with
EC50 of 13.8 mgGAE/l. Moreover, red wines also
higher ferric reducing-antioxidant power (FRAP):
white wines. Chasselar Dore variety had significantly
est antioxidant property (highest EC50 and lowest F
value) because of its low TPC and flavonoid content:

Table 1

Total phenolic content and antioxidant activity of selecled SUT wine :
Wine variety® TPC {mgGAE/) Flavonoid (mgGAE/) Non-flavoneid (mgGAE/l} DPPH (EC50) (mgGAE/) FRAP (mmol
Red wine .
Shiraz (03) 1687.5 4 109.6°° 12533 +£9.2°¢ 43424 92%0 4.6 4 0.1°4 1054254
Shiraz_ KIV (04) 2843.6 + 235.9" 2268.0 4 105.7** 575.6 4 341.6" 2.7 4 0.5¢ 19.5 + 0.2*°
Shiraz_ECl (04) 293824 571.9° 2647.1 £ 40.7° 291.1 £ 17.25¢ 4.1 £ 0.8%9 193 £3.0%°
Muscat {China) (03) 2365.9+ 19.6*° 2170.6 & 3.7 1953 £3.7°¢ 31x00° 17.1 & 0.725<
Muscat (China) (04)  1458.4 £ 382.1°%  1190.2 4 280.7%¢ 268.1 4 101,45 3.6 4 0.0 10.6 + 2,95
Muscat {04) 2184.4 £ 1295 19010 + 4.00< 283.4 £ 8.9 3.8 %035 15.6 4 1.5%bc
Zinfandel (03) 1856.3 £ 133.4%°  1516.4 £ 41.2°° 339.9 & 41,2 38 £ 0179 128 + 0185
Zinfandel (04) 2750.9 + 623.6" 24493 + 619.4* 301.6 4 4.2°¢ 3.3 4 1.5¢ 206472
Barbera (03} 2431,5 4 398.1%"  2077.4 4+ 15.8%° 354.1 & 15.8*0< 6.1 £ 0.0>¢ 16.4 4 3.8m0<"
Barbera (04} 2479.7 + 1029.2*>  2117.4 £ 999.9°° 3623 4 29,3%b" 4.8 40,39 15.9 4 6.20=
Blended (02) 1498.1 + 84.9°¢ 1184.0 + 7.4 314.1 -k 7.4%¢ 6.7 4 0.7°¢ 10.8 £ 0.0%¢
White wine

Halta (03) 845.7 4 9.5%° 570.5 & 35.4%° 275.2 4 35.4°° 57 £ 0,10 64 £0.1%
Chasselar Dore (03)  306.0 &+ 22.6° 89.8 £ 26.4° 216.2 12645 13.8 4 3.0° t94+00°
Chenin Blane (04) 3112407 1516 & 58.7° 159.6 & 68.4° 6.8 + 3.8° 22106 8

Each value is the mean + standard deviation, n=4.
SUT, Suranarce University of Technology.

Numbers with different letters within the same column are significantly different (P £ 0.05).
A Muscat, Muscat Hamberg, (02), (03) and (04) mean vinlage year 2002, 2003, and 2004, respectively, K1V = KIVIi16 yeast strain, ECI = ECI

yeast strain.
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d }ecovery dala of 14 standard phenolic compounds by capillary electrophoresis

Regression equalion” Abs Correlation coefficient Recovery (%o)® Extraction recovery (%6)°
y=1531018x —~ 1.26761 206 0.9967% 162.27 90,81
y=13.75689x — 7.01988 206 0.99236 67.4 76.33
y= 18.1251x — 8.90925 206 0.99536 76.96 104.81
¥ = 4.2446x — 1.7062 206 0.95671 79.13 52.45
y=0.59337x — 3.6545 206 0.98815 74.03 9249
y=9.05151x - 0.6192 217 0.99916 85,53 98.46
y=T7.33965x — 2.17302 206 0.99751 88.74 95.81
y == 14.02428x — 3.15387 206 0.99041 99.34 113.52
y=12.68154x -+ 1.092}1 206 0.9984 96.36 93.72
¥ = 8.80158x -~ [.35929 206 0.99934 99.41 109.21
¥ == 22.40915x — 5.99405 206 §.95843 85.57 83.37
y=12.66657x — 4.3738 217 0.598 88.1 102.78
y = 17.80169x — B.85641 217 0.99568 85.09 96.53
» = 45.78436x — 13.50042 206 0.9982 82.62 9117

iration in mg/l and y is peak area.
ue to the performance of capillary electrophoresis instrument, # =7,

y
LE-]

T
10 23

ive phienolic component {mg/l} of the selected SUT wines

T
s

T +
o s

‘3

s

ec r'dphcrogram of 14 standard phenolic compounds, Deteclable wavelengths were from 196 to 400 nm; identification of peak numbers as in

t b

Phenolic composition of wine {(mg/1)

Resveratrol Epicatechin Catechin Rutin Quercetin
2,76+ 0.84* 2324016 3.56 4 0.04%¢ 5334027 ND

1.31 £0.75* 409 + 3.18*® 6.20 + 4.94>b=4 ND 2.42 + 0.62*°
1.53 + 0.50° 414+ 17120 9.29 + 1,330 Nb 3.74 4 2.47%
ND 3.93+0.13%P 13.17 &+ 0.09*° 2.50 + 0.05° ND

ND 1.44 +0.26™° 3.59 & 1.33°¢ ND 1.69 & 0490
ND 3.HE & 11400 9.97 & 4.79*b¢ ND 2.28 + 0.81%b<
ND 3.56 & 0.16%° 4,15+ 02504 ND ND

1.38 4 1.02° 6.84 & 5.50° 14.46 + 11.60° ND 2.07 £ 0.90%0°
ND ND 0.72 £ 0.10°¢ ND 0.52 + 0.08°¢
ND 3.59 4+ 29970 615+ 4.91%bed ND 1.28 + 0.28%=
1.21 £ 0.03" 2.69 + 027" 6.26 4 0.46>0= ND ND

ND ND 0.92 4 0.03%4 3.46 4 0.36° NP

ND ND ND ND ND

ND ND 1,70 + 0114 ND 252 4 010>

*uranaree University of Technology.
ith different letters within the same column are statistically different (P £ 0.05).

, Muscal Hamberg, (02), (03) and (04) mean vintage year 2002, 2003, and 2004, respectively, K1V = KIVIi16 yeast strain, ECl = EC1118
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3.2. Phenolic component of selected wines

Fourieen pure chemicals of individual phenolic com-
pounds were used as references to determine their presence
in selected wines from SUT Farm and that available
locally. The calibration and recovery data of 14 phenolic
compounds used for capillary electrophoresis {CE) analysis
are presented in Table 2 and electropherogram is shown in
Fig. 1. Except for rutin and {-)-cpicatechin, extraction
recoveries were higher than 80%.

t-Resveratrol was found only in Shiraz, Zinfandel and
blended wine ranging from 1.21 to 2.76 mg/l (Table 3).
These results were similar te those of Gu, Creasey, Kester,
and Zeece (1999) who reported low concentrations of f-res-
veratrol of 6.78 and 3.26 pM in Shiraz wine from Australia
and Zinfandel wine from California, respectively. In our
studies, Shiraz wine produced from vintage year 2003
had significantly higher amount of resveratrol than those
produced from year 2004. However, resveratrol contents
in Shiraz wines of the same vintage (2004) were not affected
by yeast strains, K1V1116 and EC1118. There was no res-
veratrol present in Muscat and Barbara wines. Resveratrol
is a phytoalexin produced by higher plants upon environ-
mental stress such as fungal infection, injury or UV light
exposure. Therefore, it is mostly located in the berry skin.
Fremont (2000) reported the large varations in ranges of
resveratrol concentrations of red wine originating from
various countries. The concentration was dependent on
grape variety, environmental conditions during cultivation,
wine processing technigues and alcohol contents. Soleas,
Diamandis, and Goldberg (1997} reported that grape vari-
eties, which have a thin skin renders them sensitive to trau-
matic damage, Botrytis infection and UV light; for example
Pinot Noir produced high resveratrol content. Thick skin
berries such as those from Cabernet Sauvignon could gen-
erate low amounts of this compound. In addition, it was
detected in low amounts in California wine in the range
of 0.4-2 mg/l {(Chu, O’'Dwyer, & Zeece, 1998), 0.99-1.9 yM
{Gu et al., 1999), 0.53-2.78 ppm (McMurtrey, 1997) and
lower than 0.09 mgfl (Lamuela-Raventos & Waterhouse,
1999}. Soleas et al. {1997) also reported that the concentra-
tion of resveratrol was climate dependent. In warm and dry
climates where fungal attack is low, resveratrol production
1s also low. The resveratrol content of SUT wines produced
from grapes grown in warm and dry climates, was also
detected in low concentration. Wine processing conditions
have much influence on the amount of resveratrol. Higher
resveratrol contents are usually present in red wines
in which there has been prolonged contact between the
must and skins, whereas lower contents or amounts below
the limit of detection are usually present in white wines,
which are not macerated with skins and seeds (Soleas
et al,, 1997). In addition, Seraini, Maiani, and Ferro-Luzzi
(1998} noted that alcohol was a natural stabilizing agent
for polyphenolic compounds. Resveratrol, is an amphipatic
molecule and requires sufficient of alcohol content to
dissolve,

Plienolic acids concentration {mg/l} of selected SUT wines

Wine variety®

Table 4

Cinnamic

Phenolic composition of wine {(mg/1)

Proto catechuic

Gallic

Calfleic

Gentisic

p-Coumaric

Syringic

Salicylic

p-Hydroxy benzoic

18.33 £ 027"
25904 0.51*
14.10 £ 5.06°

‘Red wine

15.38 & 1.31%¢ 0.89 4 0.2(%%

8.45+0,37°
9.83 4+ 1,280
13.74 + 0.43*

0.62 40,137

ND

1.82 4 0.95%°
1.12 & 0,154

0,96 &+ 0.85*
ND
ND

3.71 4: 0.04*

ND

7.32 40,03
6.58 & 0.69%°

Shiraz {03}

2.04 4 0.22°

14.44 + 0.49%°%<
20.99 4 2.94°

Shiraz K1V (04)
Shiraz_EC} {04)

313+£1.34°

1.30 + 0.38%

ND

1.99 + 1,10°

ND
2.16 + 0.50°
ND
ND

7.84 + 476
4.97 4 0,05

0.54 4+ 0.05%<

15.01 £ 0.28°4
10.56 & 1.73°
10.30 £ 0.15°

573 £032¢
13.28 £ 0.60°

139 & 0,054
.77 £ 0.115¢

0724£0.41°

ND

ND

1.72 £ 0.56%

Muscat {China) (03)

1,71 + 0.80%¢
2.10 +0.02°

ND

3,40+ 2.20%¢

ND

2.52 & 2,094

ND

Muscat {China) {04)

Muscat {04)

2.16 £0.01°

ND

0.85 = 0.08%%¢

0.84 & 0.01%¢¢

ND
ND
ND
ND

3.19 4+ 0.28%¢

1.36 4 0.29°
ND
ND

5.35 & 1.04%be

8.18 4 0.85° 13.93 £ 1,03%%¢ 0,58 + 0,089

0.63 £ 0.12%

Zinfande] (03)
Zinfande! (04)

Barbera (03)

1.54 & 0.262%¢
0.81 £ 0.56%%¢

17.48 £ 0.565¢
25.69 & 5.01°

20.92 & 1.19%

278 £ 0,137

0.85 & 0.09°*

1,18 £ 0.27%6¢

ND

4,76 + 1.16¢

517+ 1.6820<

0.57 £ 010>

0.91 - 0.03%

6.05 + 0.06%°°

1.58 + 0.33"¢
2.45 4 0.01°

ND

1.28 £ 0.324b

45740134

ND

5.50 4 2,105

217 £ 0.11°

0.76 £ 0017

ND

Barbera ((4)
Blended (02)

0.57 + 0.04%*

11.91 & [.46%

0.89 + 0.2¢¢ 320+ 192 060+0.18  0.51 +0.025¢

5.47 &+ (. 1420

White winre

ND

ND
ND

0.60 + 0.01°

ND

ND
ND

115 £ 0.37%
1.33  0.40%¢

ND

1.54 £ 0.27°
ND

049 £ 0.04°
4,

6.09 £ 1,327
4.27 + (.48%5¢

ltalia (03)

0.60 £0.05%¢

0.64 £ 04280

0.50 % 0.89%¢

ND

0,75 £0,12%¢

Chasselar Dore (03)
Chenin Blanc (04)

1.25 +0.33° 0.94 + 01359

428 4+ 1.17°

0,73 £ 0.04%4

ND

2.64 £ 0.28%5¢

Each value is the mean = standard deviation, n
SUT, Suranaree University of Technology.

Numbers with different letters within the same column are significantly different (P < 0,05).
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pzcatechm was found only in red wine and there
significant difference in its content. The amount
icatechin found ranged between none detected
_g/} in all red wines which was lower than the
atechin. This was in agreement with Minussi et al.
) who found higher amounts of catechin than epicat-
a Italian wines. Quercetin is a free form of flavonol
'd rutin is a glucoside of this compound. The
of quercetin ranged from 0.52 to 3.74 mg/l. Rutin
und in some wines in low amounts or was not
‘Due to its fairly high polar property, extraction
overy by extraction solvent (diethyl ether) and buf-
“for CE analysis were limited (Table 2). The
wine from a local food store was predominantly
-a mixture of other red grape varieties. There-
blended wine and Shiraz wine variety contained
la cémponents and amounts of phenohc compounds.
n; the white Chasselar Dore wine contained no
phenolic components (Table 3}, therefore, it
owest antioxidant activity with the highest EC50
 mgGAE/l and lowest FRAP value of 1.9 mmol
Table I).

olic acids contents were found in all wines at mod-
oncehtrat1ons {Table 4). These compounds have
‘to be the principal compounds constituted in
ts (Harborne, 1998). Cinnamic acid plays the key
¢ biosynthesis pathway of phenolic compounds
converted to p-coumaric acid, which is a substrate
_fqrmatmn of flavonoid and some of non-flavoneid
Soleas et al., 1997). In red wines, gallic acid was the
-0f the polyphenols presented while it was detected
w amount or not detected in white wines. The
high amounts of gallic acid in red wines would
pccted since this phenollc acid is pnnapally formed

nt in white wine due to lack of skin extractmn {Frankel
--i995) This finding was in agreement w:th the work

- (p.<0.05) than those of the white ones. There were
nificant differences in antioxidant activities of the red

d in the commercially blended wine in similar amount
> of Shiraz wine produced in year 2004 and Zinfan-
wine produced in the same year. Gallic acid was the
component in red wines, while it was absent in white
These investigations provided information on some
¢ potential health benefits of some selected wines pro-
_in the northeast region of Thailand particularly
from the SUT Farm dunng the vintage years of
and 2004, that the red wines had a better potential
1ealth benefit than white wines.

those
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ammonium sulfate (FAS) 1% 1-10-phenanthroline ferrous sulfate vflu indicator ﬁ"lﬂ’)ﬂéiﬂ’e)glﬂ}fuﬁ

Liﬂﬁﬂﬂﬂ@ﬁlﬁﬁ\?ﬁuﬂ'ﬁ
% Alconol by volurne = 25 —(25 x V/V")

4 =2 - o a ol [ o
e v = Usna ras Rlddmsu Tmmsadtegialnd

V' = dSim FAS Al¥dmsy lvunsa blank

4.3.6 m‘ﬁ!ﬂ‘iw‘t‘f total phenolic content iﬂﬂ!ﬂéﬂd spectrophotometer

1/5370 total phenolic content ”Euaéuuaz“hﬁ%mﬂzﬁ"lﬁiﬂﬁ% Folin-Ciocault (Matthaus,
2002) #1302 A18AI8U1 0.1 ml HEUAY 2% sodium carbonate 2 ml &01% 2 wift @umsasae

Folin-Ciocalteu (Folin:Methanol, 1:1) #&e9nily 30 wi#t Sadmsganduudshi 750 nm YSua

TPC swailumiae mg gallic acid equivalent (GAEYL of sample

4.3.7 MAIIzHYS phenelic compounds Iﬂﬂ!ﬂéﬂ& capillary electrophoresis

mseseNiIeg IBnsadaiimisaulasdniesriniTvoe Minussi et al. (2003) ain
Ta875 liquid/liquid extraction 14608191217 1 ml aad 1y diethyl ether 1 mi 7474 2 50U 524
#9 organic phase uazi IdudTaeldfeluTlanieuh nRernmuiazatelnilu 50%
ethanol 1 ml LAZAIBIHIU 0.45 pum polyethersulfon membrane (Supor Acrodisc, Pull Life

Sciences, Gelman Sciences Inc, USA)

F55mnzsilnanies capillary electrophoresis IN30431A5 199 Capillary electrohoresis ({11
Y99 Agilent Technologies, model G1600AX (Agilent Technologies Deutschland GmbH,
Waldbronn, Germany) ABAY diode-array detector 14 uncoated fused silica capillary yeduru
AUENATY 50 pm (Agilent) i) effective 1AL total length IRY 50 482 75 om MUBIFY In519
Tasl¥nszua vl 15 kv ﬁ 25 °C Electrophoretic buffer UsznovaIe phosphate 25 mmol/] 10

¥ L
borate 10 mmol/l pH 8.5 fAouldnnass Capillary 93A89 pre-rinsed A20311 1iluiaan 2 wifl uay
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'"'mumﬂ running buffer 3 um mammnmwﬁm‘lwmmﬂu 50 mBar 7 35U uszntiens

ﬂi’lw‘t’i A14 capillary ‘YIﬂﬂi&WJU 0.1 M NaOH 1 U m 2 1% nag running buffer 3 IR
malnneHiegn 2 d ﬂﬂmmﬁzwnﬂm& 100NN YHARBINTDIHIN 045 pm
Iyethersulfon membrane

rshinasgvesasdssnouusassiamion lasldansuSanisasnnududi 2 - 10

mg waeatuAuRlAfin Auaeslasldlysunsy chemstation Rev.A.09.01 (1206) (Agilent

L 3
chnologies 1990 - 2001) imsHas e 4 41 Tuudazanududy

4.3.8 mythsziiugamwmalszamauda

n:: ar o o Lot o [
Srog1eIniRa 2 aoRusuazmiind108aane 3 meus sadonmmg laiAwinTao 'l

£

wm trans-resveratrol (0 ppm) UAYIAY trans-resveratrol 10 ppm AOUATTHIN lW‘Elﬂ‘I'i’JLﬂS’I:ﬂ

n mwmdﬂsum“nﬁmﬁ mmsﬂswmuﬂmmwmaw quantitative descriptive analysis (QDA)

:.(Stone and Sidel, 1993) Elﬁmﬂ'ivmumani‘luwwummﬂumu meuﬂllﬂ"l'iﬂil‘lﬁu'ﬂmﬂuﬂﬁu%'l

5--:1“30111!@1 7 iU amumﬂwﬂwuum‘flumumwn 10 [UALLAS (unstructured scale) AZUHUIIN 0

;;_j(cz_ntma) 09 10 (vnile) ﬂmaﬂymmﬂs:muﬂsxﬂeuma & (color) NAY (aroma) 3AKIA (taste)

;__ﬂjmwmu (body) tiazM3uauTu A8 (overall acceptance) ﬁumamamswiwwﬂumu Hay

r*lwﬁswmuimmuuTﬂwﬂmumemﬂmn'mﬂumuﬂwu,mummnmmu Winsinszozuay

fuﬂmﬂuﬂ e

4.3.9 MTUATISHMITOA
B FamInaneaRanNn 2 1 Sinsermand 2 Frrosote uasdinszvnamslssiiunig
'i'ﬂ:%xmmﬁ'uﬁﬁ"im‘l%’%mmé’ﬂisLﬁuai‘]uﬁmauézmimaaq Fnsrzideyannadanieis
:i'i:::i;mpleteiy randomized design (CRD) 1% 151n5w Statistical Analysis {(SAS Institute, Inc., 1993}

i'ua nfSsunounundod167% Duncan’s Multiple Range Tests (DMRT) Warssniodhdafian p <

50 03 uaﬂﬁuewaﬂﬁmaamﬂum mean =+ standard deviation

::. a 's
:'4.4 HEaN1IMaaadlazIa it

4.4.1 9173 phenolic compounds 1‘1«!6\3‘1&
! Usnaiftuednianua uouTnlyoniuimun wazasHusdnurazsialusduiugidn
I“ﬁﬁmmw‘ﬁ‘ilﬁ HEAYAY Table 4.1 mmﬂaaﬂmmmum 2 ﬁwwumﬂimm total phenolic

contents (TPC) mnﬂ'nmumﬂ\;u uazfanuhiequiiug Exctic HSua TPC w1nndiug
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* L
Shiraz @15RAY anthocyanins  1HU@15 polyphenol ndnfinulusjuiisansmoiug rans-
1 1 ' ar o ] .
resveratrol #UMWIz luaILUR9nv098{u (1.15 mg/l 1uo§uiug Exotic Uz 0.24 mg/l Tuagy-
e o " L 1 : 1 i [Y) = & .
Wuf Shiraz) i@ v ludanitequ wai ldaoandesiuauIToved Jeandet et al. (1991) Fa
t w o [ ' ' a’:, :
ST WU WUT rrans-resveratrol Tuaulfionaduyiniy
‘W‘l.i’c‘l’?‘iﬂfiil monomeric flavan-3-ols 15U epicatechin 10¥ catechin ﬂ?umﬁaﬂu@éuﬁq;
o d Pow o . = Vot V_oa o " -y
apeEeNu T uoguiug Shiraz #UUTMEIHAITNINATINYG Exotic TABIRNIE catechin .
= 1 = ! dyw 1 .:; [ ¥ ’ " -
wonnning 2 i1 Teedndas lunguiifneglugiisudwdungy iy epicatechin  gallate
procyanidin proanthocyanidin (Zoecklein et al., 1995) _
¥ 14 T
1 2 s L o & [ = ar .
#13nqU flavonoid mmol/L s WU quercetin walwhuazfen FendrodueiuiToves Bum _
& 3 o . o o . ;
et al. (2001) F4310011431 UT119 quercetin “1u@guwu§ Cabernet sauvignon Uag Merot wulu-
YSinatios uazdano91udni1 quercetin Iuoquduingsewulugl conjugated quercetin
! . . - . 3 v c’ ' n’; T
A13NQU hydroxybenzoic acid syringic wvm‘lumumua:Lﬂﬁaﬂagum'deawu1; ﬁl)’ﬁwui:’.“
a s Vo o ¥ ' ' B . . 5 . H
Shiraz NIJSM'ImiJWﬂﬂ’}’IWHIE Exotic UYssuine 2im a9y phenolic acid ﬁ‘lﬂ] LU gentisic p-
» » L .
hydroxybenzoic gallic LLDZ protocatechuic acid ‘lnwuwﬂumuﬁmazsﬂﬁaﬂmmaguﬁa 2
ar o
ug
td
2 . - . ¢ . . o 1 a2
#1730 hydroxycinnamic acid W) cinnamic LAY p-coumaric acid “lumuamﬂﬁaﬂaguwug ;
5 1 % e + oy I= 1 3 o ¢ & gt o s
Exotic #7U caffeic acid luwnluihwazi/donvesadui 2 awiug Sedeanaoanuauinyg

Aé 1 1 N N . = ]
494 Burn et al. (2001) 3951097471 WD p-coumaric g caffeic acid darys Tunnody
t:i. 1 o g
4.4.2 msilasundasssnheninueansass

) ¢
mswasumlasveslSinameanasoa
F ar 1 N o' ol - 1 n’a’ v o 4 ::g
send1enIndn ALE wuh iSuisieanesed u Inifnanninedung 2 mewunfiuiy
3 < ar : o 4 o . o’n’r‘ w & a
pe1e32a319udeTuR 2 veantIninuazneiinaeamsniin (Figure 4.1) BaaNe 3 MORUEHER
wenneaed 1a lutlSumindifuadiy
= 4 1 A = Q" : 1 T r'd
mananinilagliifn rans-resveratrol USgnsasTuiiedu WU trans-resveratrol Tu'lal

¥

o w o ds ] ' o . L4 a & 3
e 2 mousUTna lduand et (Figure 4.2a, 42b) Tuladmedug Exotic wu rans-

L4

resveratrol U3uanigagaluud 3 vasnsniin FafiSina 1.26 - 1.84 mg Tuberdie 3 GRENINS
Tyamef Infoewus Shirz wutSunageqn 0.92 - 1.68 mgl TuSudi 5 uaz 6 vesmsniin
J3i1 srans-resveratrol vl 1917 Exotic T/Sanmunndi v shirz eriffoenon Y5
resveratrol Tullffenvsseduaioiug Exotic fiunndt (1.15 Tueguiug Exotic iaz 0.24 mgh Tu

aéuﬁuﬁ Shiraz) {Table 4.1)
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: 1':3-4,1 Phenolic composition of juice and skin in grape berries

Phenolics

Exotic variety

Shiraz variety

juice skin extract juice skin extract
1.220.03 1031+ 056 0.98 1 0.06 6.82 £ 0.13
23271977 139136116221 17.75% 612  839.17 125547
12941399  12500E 1740 1413123 11060+ 24.72
ND 1.1510.74 ND 0.24 £ 0.05
ND 1.15 £ 0.30 2.00 £ 0.33 1.69 1 1.09
2111031 2.74 1+ 0.37 3.14 £ 0.66 4.70 £ 3.69
1.39 £ 0.01 1.30 £ 0.00 1.40 1 0.02 0.95 +0.00
2.15£0.56 2.81 1 1.06 405t 1.32 4.67 +3.33
ND ND ND ND
ND ND ND ND
ND 1.64 £ 0.51 ND ND
ND ND ND ND
ND ND ND ND
0.56 X 0.08 0.54 £ 0.11 0.47 1 0.00 ND
2.00 £ 0.68 0.98 1020 1.63 £ 0.06 ND
_ Caffeic acid” ND ND ND ND

n =4, a = expressed as g/l (for juice) and g/kg grape skin (for skin extract), b = expressed as

i:;..mg/i (for juice) and mg/kg grape skin (for skin extract).

mswaounan3aines srans-resveratrol
| msudaInIWug Exotic SIRUMIIAY pans-resveratrol USENS WurlSuraived rans-
:resveratroi qaqﬂ"lu'ﬁuﬁ 3 ﬁm%’u‘hﬁﬁuﬁu trans-resveratrol “U?EI'H%‘JS ppm wudSunw 259231
uaz 326 mgh o FBadouiug K1vilie, CY3079 uay EC1118 muddn dmduinificy
‘trans-resveratrol U?'cj'}’!fﬁ( 10 ppm WuUSNIM 458, 5.00 ez 4.48 mg/ aﬁaicj’fﬁﬁﬁawﬁuﬁ
'K1V1116, CY3079 unz EC1118 awddy  ethelsfau 1u'lad Shiraz TRy srans-resveratrol

= :\d . a 1 3 Af!’ o ﬂ'
U3gNe 5 ppm (Figure 4.2¢, 4.2f) WUUSUIU rrans-resveratrol WnWigaluiudi 5 vosmsniind
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anadudu 1.84,2.56 uay 2.58 mg/ dsulnifindanndadawiug K1viie, CY3079 unz
EC1118 gy au 1Ay rrans-resveratrol 10 ppm wodSunm 3.77, 3.73 ung 2.92 my/l

v
o 6 24

wu
awdiay linuanurana19ueTuIn rans-resveratrol athelitiod o 140advia 3 e
w o =, @ = o a a = &
Wug NISIAN rrans-resveratrol Y3 gnTaeTu must MIAANIT I rans-resveratrol BaseTunt.
uawuNszduiivuszianudududsoninSinafiduashl ernidumnzifansswdves
P . A 1 - @ '

a5 Tanana dimeric ¥30 polymeric Hilvunluajin wis iMamsgaduoguuidenvesedu
F=Y = d' = o 43 4
WS rrans-resveratrol USwiagaledSnaueanosenlulnite 938 - 11.26%

] ' » ]

senIeIUN 2 - 6 wBImsHUN (Figure 4.1) MIRVUUYDS trans-resveratrol B10410437191A
=, I = r.g o a4 a [ "
Wsmneansseanniniu lavtas deazfivanuaiwiso lumsaiaas phenolic danulin
¢ - ¢ . o oA o
1211 (Lamuela-Raventos et al., 1997) n3ndhumsizionland p-glucosidase Tubad Faauisoda -
picied (resveratrol glucoside) 18iu aglycon molecule (free resveratrol) Naﬁ‘lﬁﬁﬂe’%’mﬁ’v
o ] = 3 -:
MIANYIUDY Bum et al. (2001) 1t Lamuela-Raventos et al. (1997) %9WU3I1THI trans- .
4 i y ot - = ot n’)’
resveratrol H1NANEA U TN 6 as § voaminilin mud iy uazfTinuezanamdenindy a1
" v B
Wumsiziniiemsgnadaseninnnudenvesedu asiiengngadu lasninveddad uaz/
w50 gnoond lad lihifluas8u (Lamucla-Raventos et al, 1997) Wufithauled denininl
¥
5

o t:? o o q,)' 1::5
W ﬂﬁﬂ?ﬂ&’ﬁuﬂ’ﬂ'l 134 (ﬁl&’q{"lﬂﬁz‘ﬂ’luﬂ’lﬁﬂnﬂ) trans-resveratrol B},u‘l’!ﬂﬂ’l‘iﬂﬂﬂﬂﬁﬁjﬂﬁﬁﬁﬁﬂﬁ

3 moiugiTnlndifoeiu A 0.53 ~ 146 mg @il Exotic uaz 0.31 - 111 mgl

o ar o .
w51 Shiraz
T 16 $ 16
< 14 4 a ~ 14 A b
E 121 B 12
2 10 2 101
3 81 S 8-
5 61 5 67
S 41 s 4
S 2- 8 2-
< 0 T F T 3 T T “t 0 T ¥ ¥ T T 7
60 2 4 6 8 10 12 14 0 2 4 6 8 10 12 14
Fermentation time {Days) Fermentation time (Days)
—4—KIV —8—CY3 =—iECI ——KIV ——CY3 ——EC]

Figure 4.1 Alcoholic content of Exotic (a) and Shiraz (b) wine during Alcoholic fermentation.
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Amount (mg/L)

T

0 2 4 6 8§ 10 12 14 6 2 4 6 & 10 12 14

Fermentation time (day) Fermentation time (day)

i e — K1V —— CY3 —&— ECI —4—KIV —~8-(CY3 —&—EC}
g 6

-5 b &)
2 :
3 R T T T T T . 0 T T T T T T
0 2 4 6 8 10 12 14 ¢ 2 4 6 8 10 12 14

Fermentation time (day) Fermentation time (day )

- —#—KI1V —m—CY3 —a—ECI —+—KIV —#—CY3 —a—ECl
i 6
; g
[ 2

4 E
“.3 g
e g

1 <

: 0 T T T ¥ T | 1] T T T T T T

0 2 4 6 8 10 12 14 0 2 4 6 8 10 12 14

Fermentation time (day ) Fermentatton time (day)
——KIV —-#—CY3 —a—EC] ——KI1V ~#—~CY3 —a—EC!

-:iii'Figure 4.2 Changes of t-resveratrol during alcoholic fermentation of Exotic wine:
_'f'a'= Resv 0 ppm, b = Resv 5 ppm and ¢ = Resv 10 ppm and Shiraz wine: d = Resv 0 ppm,
e=Resv 5 ppm and = Resv 10 ppm.

mafasunaaSanas total phenolic contents 1aza15 phenolic D1y

= o . . & A‘!v e T o P
15uren TPC °lu”hu Exotic 1462 Shiraz INUYUIUATSVIDITIUN 3 403N 1THUNUAZASIN

 vioamnudntoslubadnnawiug (Figure 4.3) Tulni Exotic (Figure 4.3a) USinaigaganuly

WA 3 vesmsndnfinnududu 3232, 3318 uay 3336 med lulnifnaanniad K1viiie,
Y3079 waz EC1118 amd iy Tu'land Shiraz (Figure 4.3d) wusnnfigaludud 3 msfiny TPC

[ { ar 4 = fet o g 3 e
aluduin 3 - 5 vesmsviln eruilsunsindSinaueanssedfndatulusenienmsming
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o

a ar a"gf o a .ooA ] w ¢ . I A o
Psinagegaluiuiidie Tre Tuladaedug Exotic flunnntanediug Shiraz adeilidudifn
o‘: d‘v 3 o o = u’.: 1 :‘ r 1
1141197191109319 N eNEWU T Exotic WUTWIl anthocyanins gavielud iz drunlfonofu

3 & ar X 1 N L «r & =
dodugamanin Tunuanuuana el TPC fndasndaanvmedug uonvntiunsiAy-

a fdo g1 1 = o
trans-resveratrol Usgns Noe idawanediuim Tpc Tl

TPC (mg/L)

TPC (mg/L)

TPC (mg/L)

4000
a
3000;‘5;}{&;“‘&:&;:5
2000 1
1000 -
0 T T T T T T
0 2 4 6 8 10 12 14
Fermenation time (day)
——KIV —=— CY3} —a—EC]
4000
e
3000ﬂ"fﬁﬁi&=§-§:§
2000
1000
0 T T T T T T
0 2 4 6 & 10 12 14
Fermentation time {day)
—4— K1Y —m—CY3} —a—EC]
4000
b
3000&%
2000
1000 -
0 T T T T T T
0 2 4 6 8 10 12 14

Fermentation time (day)
——KIV -~ CY3 —a—ECI

4000

3000
2000 ﬁ;i

1000 1

TPC (mg/L)

0 T T T T T T

0 2 4 6 8 10 12
Fermentation time (day)

—— K1V —m—CY3l —a—ECl

14

4000

TPC (mg/L)

0 T T T T T 1

¢C 2 4 6 8 10 12
Fermentation time (day)

—~——KIV —m—CY3 —a—ECI

14

4000

b w
[ <
[} =
o <
n t
7”

TPC (mg/L)

.._
=3

< =1
1

2 4 6 8§ 10 12
Fermentation time (day)
~4—KIV —&—CY3 —a—ECI

[}

14

Figure 4.3 Changes of TPC during alcoholic fermentation of Exotic wine: a = Resv 0 ppm,
b =Resv 5 ppm and ¢ = Resv 10 ppm and Shiraz wine: d = Resv 0 ppm,

e = Resv 5 ppm and f = Resv 10 ppm.
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ﬁ?iﬁizﬂﬁ}‘ljﬂ’cjw flavan-3-ol “lu"h%fﬁ"lﬁﬁmnﬁu frans-resveratrol #u1 UTsives

5 4 & o w A =y o ar 5

catechin UL IUNTENIBCIUT 5 91015100 0.78 84 11.27 me/t d w1 191d Exotic uaz 5.43
8 o = = J o v g

1929.30 mg/t d 1ol Shiraz (Figure 4.4a, 4.4d) U179 catechin AiuIuIUNTZRIT TR 5

1IN HINA LAY 910 115 §918.16 mgd dm¥uland Exotic uay 4.30 §444.27 mg/

_Jjé%’u"hﬁ' Shiraz (Figure 4.5a, 4.5d) '111]1’3‘11 Exotic a7230V15 U epicatechin (8% catechin Tu

Susigegaluiun 5 vesmsninideldbarmoiug cy3o79 inmududu 13.57 wez 20.68

g iy d2ulu'ld Shiraz nualSunagegaluiud 4 - 5 vesnsuin Taw epicatehin Wy
n::: s gga o @ i o A go o
Sue 32.02 mg/l e 1F0admeNuE CY3079 ung catechin WuUSu10l 50.84 meA e ldoed
oUE K1V1116 (Figure 4.4d, 4.5d) v1nwah IdgmiloninuSune epicatechin 1taz catechin 1u
URraaentaAmoiug KIVILG wag CY3079 anwwuliuimminnh inifisdasndad
o EC1118

@394 Sripunya (2005) 80U Badaoug K1V1116 uaz CY3079 Inenssu
oatou la3f p-D-glucosidase (1523101 90 g 82 Uimg MWdIRL) A hdadaoWus EC1118

5210 58 U/mg)  @150QN flavonoilds 0198 uz18asnioaiafiuse ester fUmInGuA

g »
1i19 flavonoids #3® NGUIIIATA (Zoecklein et al., 1995) 1oUlaal p-D-glucosidase Tufiaioradia

v 5! » 3
wanafimzAutimaoen il epicatechin tay catechin Be5y daiu (issnnfansiuves

o 5 P A @ o 3 £
10U 1l p-glucosidase AigeluBadaoiug K1viiie uaz cY3079 dldasronumslsznonly
3
QU flavonoids 114 2 wilaluiSinags
: @ o ok ar = . . . ~ :vcf G
_ UNINTUA 6 vaen1Tnin wulFua epicatechin [18% catechin DADY paf 1t Indifos
5] aw & 1 < a g ar w A
- AUNUIT0Y09 Bum et al. (2001) Fany 1510 flavan-3-ols sRUAUIUNISVINITUT 7 VBINT
. q.v ' o u,; & : o a o
- MU HAZABEOATINGINNUY F9191109IU1INM5AA copigmentation YBIDYWUHD flavan-3-
o - . o o @ @ gt P s
ol AUAT anthocyanins 'l v5e Lﬂﬂ%”lﬂﬂ'ﬁ@ﬂﬁh’ijiﬂUHuQﬂJENl,Gh’aaGﬁﬁ (Escribano-Bailon et
al, 1996; Razmkhab et al., 2002)
e d‘i ‘=y ar a 2 . n o o . T (7} )
| ledugan1Inlin U3unes epicatechin uaz catechin Awululid Exotic NuFuaisend
K o l @ 8 W o= = 4
T shiraz adeiiloddey (p < 0.05)  ASua catechin TulnfazwululSiamnat
A . 4 o 4 i 4 X
- epicatechin TUMNMINAABY FIAMWAUHAYDI Bum et al. (2001) FanunUTuias catechin Ty
< £ gy ' 1 o =) o 1= P o o
auasiifSiaminnds epicatechin Samoun mewugoaan 19 linasdeited s @ >
i » 3
10.05) A1 u1n epicatechin Uay catechin 1u'121is 2 eawiug wenvIAsiunL M3HEY rans-

W ot 1 = . . . 4 n’a‘ w ot
resveratrol 99 T TuiinanoySuna epicatechin 112 catechin TuTmive 2 medugiguiy
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45
40 -
35 4 a
30 1
25 A
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15 A
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Amount (mg/L)

Amount {mg/L)

0 T T T T T T 0
0 2 4 6 g8 10 12 14 0 2 4 6 & 10 12 14
Fermentation time (day) Fermentation time (day)
—o—KIV —=—CY3 —a—ECI —— K]V B CY3 i ECI

as
40
35 | b
30 |
25 |
20 |
s |

10 4 ]
5‘ ]
g T ¥ r T ¥ ; 0 ; " . . i

0o 2 4 6 & 10 12 W4 0 2 4 6 8 10 12 14
Fermentation time (day) Fermentation time (day)

e K1V e Y3 e ECI e K1Y el CY3 —— ECI1

Amount {mg/L)

Amount (mg/L)

45 45
40 - 40 -
35 v
30
25

25
20 = 20
15 4

15
19 fr‘{:;;;:izg 10
1 5

0 T T T T T T

0" 7 : ; T T T
024()_?19 1214 0 2 4 6 8 10 12 14
Fermentation time (day) Fermentation time (day)

e K1V — 8 CY3 —&—EC1 ——KIV —=—CY3 ——ECl

3¢

Amount {mg/L)
Amount (mg/L)

Figure 4.4 Changes of epicatechin during alcoholic fermentation of Exotic wine: a = Resv 0 ppm,
b = Resv 5 ppm and ¢ = Resv 10 ppm and Shiraz wine; d = Resv 0 ppm, e = Resv 5 ppm and
f=Resv 10 ppm.

3 ot Pt = 1 <, 3
adsgnoungy flavonol 1 lnif lulin1siA rrans-resveratrol linuSuns quercetin

'
= ot o

¥
[ Y ar o o as . .
14 must vas84ua 2 Aoy I Tunsnvesnsniin (Figure 4.6) quercetin uesffinaaus

v LY % s kY ay ] o u’a, =) u:'lv < ; A A o
w91 luiY (hydrophobic) w”luﬂaawuclumagu agariudTurmvesastaniuYlolnisma
b

& o ; ' LY a e o5 o A L rd
woansganmatu luseniemsnin YSununnumnnigaluiun s vesnsninvsluln

wyood y o _ o . 4 X
Exotic 1182 1711 Shiraz (U523 3.16 11ag 2.14 mg/l a1u819%) (Figure 4.4a, 4.4d) 11191 Exotic

o o

' T ' oo = . P (n’;
Tunwuanuuanaisesiaihivérfia (p > 0.05) 8315 quercetin 1wl iAndnvndadi 3

o«

w o = o . e s w o s o1& . a4 a4
HWNUY mmz'ﬂiu”hu Shiraz NHOATINYTATIUNUT CY3079 HySurm quercetin YINANSNYTRA
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4 ¥ 3/ ] » T b4
Auug U309 quercetin MNAugIgaluiui 5 uavasaandenindu pah 1ffiadomy
1 4 ' = = - o
TNRABIVO Burn et al. (2001) FINUINITUIN quercetin dasEHVIINATATUIUN 6 VOIS
n uazAsiounIzNedeIui 9 veesmsndn Tufugaiovesmsniin USua quercetin ing 19

L 5
yululanl Exotic 0g1usa9 1.04 - 1.93 mg/t unz 12 Shiraz 1.51 - 2.65 mg/l usn9IAunLh

= (=1 v = i a 3 w o
11918 trans-resveratrol hlunwaﬂ@ﬂsmm quercetin Tulnina2 TWAUR

Amount (mg/L)

T 13 T

¢ 2 4 6 8 10 12 14 0 2 4 6_ 8§ 10 12 W4
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Figure 4.5 Changes of catechin during alcoholic fermentation of Exotic wine: a = Resv 0 ppm,
© b=Resv 5 ppm and ¢ = Resv 10 ppm and Shiraz wine: d = Resv 0 ppm, ¢ = Resv 5 ppm and
f=Resv 10 ppm.
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#1515¥n0UNGN hydroxybenzoic acid 11 121 TN 151AY trans-resveratrol 121 Exotic

o

U510 syringic laggallic acid Hoeni111 Shiraz (Figure 4.7a 4.7d ung 4.8a, 4.8d) meﬁuq
et [P ' = o u’: ar
das WilnaneuSunal syringic acid Tulanivie 2 aeWus (Figure 4.7a, 4.7d) Tl Exotic
- P 3 L ST o . 4
Y3704 syringic acid ANTUIUNTZNGDIIUT 2 voIMININ 910 1.61 D3 429 mg/l eduganis
w o s . 3 a = o w o = 3 at g
wain Y3010t syringic acid AwuluBaaaewus EC1118 (3.05 mgl) wudlsmawnnnnlutag
w o o o ¢ . 1 3 ..
AYAHT KIV1116 (1.71 mg/l) ung CY3079 (1.96 mg/l) #1151 198 Shiraz wuralSuial syringic -
acid (ANALIUNTERIDITUR 2 voamInidn 910 1.59 §94.62 mgn hinuanuuwndedall
o o o = " " . fa o =) u‘n’aJ o &
ey (p > 0.05) ¥a1/5110 syringic acid Tulninndnnndaans 3 aonug
= = a; ] o o 3 o
U188 gallic acid tHuTusthasImiraunseiadieiui 2 veanswin 91n 1.74 S 1014
E o =
mg/l 1193 Exotic (Figure 4.8a) uny 2.76 9 16.40 mg/} 11191 Shiraz (Figure 4.8d) ‘IJS:L#TEU_-;
. . a . o L 1 a . F 1 t et s ow
gallic acid Tu'lmi Exotic wudSuanioondilu1al shiraz Tunuanuusnasesnifod iy @
= : . i a =l oo w & . LA 1
> 0.05) 409319 gallic acid u'lniRsdnnnbadiie 3 awfug gallic acid Anureaily
b 3 b ':_:.:
W12 e3 phenolic acid 11 1Dugunudsduifiaginnszuaunis hydrolysis Y84 flavonoid
) ¥ :
gallate ester 1U5¥YMINNTZVIUMININI IR MIABNDIU (Frankel et al, 1995) udANINHGL .
5 ;
WU AVSIAY trans-resveratrol 1ifNano15119 syringic uaz gallic acid Tu'lnivis 2 mefug
» i
's’ﬂ‘i‘lj'ixﬂﬂ‘ljﬂf'}u hydroxycinnamic acid Tawu cinnamic acid 14 must mawguﬁa 28w
ﬁuﬁ: (Figure 4.9) “lu"hﬁﬁ"hiﬁms;ﬁn trans-resveratrol 1EWVUTUIY cinnamic acid 1141’3‘1:; '_i:
Exotic Tuufi 3 voen1sminfiseAu 2.05 me/ (Figure 4.9a) uaz 1131 Shiraz Tuuf 2 voans .
NIARTEAY 1.95 mg/l (Figure 4.9d) UT1un01 cinnamic acid aAGINAIDINTURN 6 — 7 YDIMTHIN -
¥y ¥
wasgnsdugamsndn Tufugaievesmswinldnuanuusnaaves)Tua cionamic acid
o e = o n’: o o
Tu'lninwdnsnsaana 3 cewug
a o g ] = a ar
U778 p-coumaric acid Tu'T1 Exotic industesamir luTuusnvesmininen 1.05
[ ¢ o ¥ 1 <3 w | o
14 5.91 mg/l (Figure 4.10a) a4 11 191 Shiraz MuuodesaE 1 Tuiug 2 vesmsnn 910 1.10
a : < 4 " [ s .
4577 mg/ (Figure 4.10d) ndanimiuifsinaezasilu’log Exctic dau'l Shiraz 9zanas
] » ' 3 .
Bintesnunsenisdugamsniin Weduganisndn Tulnd Exotic Y5101 p-coumaric acid ny
v de o a Jda L R ' a t v o : S oa s ¢ w
Tuinifndnandaans 3 arowug uananiu daululd Shirez Andanindanaioiug
CY3079 (3.35 mg/l) 115110l p coumaric acid ¥INND1 KI1V1116 (2.96 mg/l) uas EC1118 (2.94

o at =

mg/l) 06 RUNUT YN NADA (p < 0.05)
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Figure 4.6 Changes of quercetin during alcoholic fermentation of Exotic wine:
a= Resv 0 ppm, b= Resv 5 ppm and ¢ = Resv 10 ppm and Shiraz wine: d = Resv 0 ppm,

e =Resv 5 ppm and f= Resv 10 ppm.

ﬂli%ﬁuﬁuﬂﬂﬂ“ﬁﬁ cinnamic 0% p-coumaric acid serInniinuoanoson af'émmmn
B‘téﬁuﬁ'ilm hydroxycinnamic acid 19U caftaric 130 acylated phenol £ hydrolyzed ¥inog tuuy
”ié’ﬁﬂu cinnamic acid D5 (Zoecklein et al,, 1995) free hydroxycinnamic acid 91 ﬂQﬂﬂBﬂ%llﬂq;”
a8'ld volatile phenols Taoiou T decarboxylase Tutan (Cillier and Singleton 1989; Chatonnet et
al., 1993) n30 gnaadu Taudad (Somers et al., 1987) ﬂﬁﬁ?mi{mmi‘lummaﬁﬁﬂﬁﬂ?mm%m
smariannmdennduil s vosmsnin uenvinu Biro and Heinonen (2002) 57697431 N5
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Figure 4.7 Changes of syringic acid during alcoholic fermentation of Exotic wine:

14

a=Resv 0 ppm, b = Resv 5 ppm and ¢ = Resv 10 ppm and Shiraz wine: d = Resv 0 ppm,

e = Resv 5 ppm and f= Resv 10 ppm.
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Figure 4.8 Changes of gallic acid during alcoholic fermentation of Exotic wine:

a=Resv 0 ppm, b = Resv 5 ppm and ¢ = Resv 10 ppm and Shiraz wine: d = Resv 0 ppm,

& = Resv § ppm and f = Resv 10 ppm.
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e =Resv 5 ppm and {= Resv 10 ppm,
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; Figure 4.10 Changes of p-coumaric acid during alcoholic fermentation of Exotic wine:
a=Resv 0 ppm, b = Resv 5 ppm and ¢ = Resv 10 ppm and Shiraz wine: d = Resv 0 ppm,

e=Resv5 ppm and = Resv 10 ppm.

4.43 mswinanlauanin (Malolactic Fermentation)

mafasunlaadSana rans-resveratrol
Table 4.2 ua U rans-resveratrol NBUNAEHREINTZUIUMTHID MLF laald lactic

3 . @ o 4=. cg ot Q o
- acid bacteria, Oenococus oeni WULSHIN trans-resveratrol INUAUNF 491NN THID MLF luns
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w | o (=} = T Ed . o o L) & I
w10 121U 10015183 trans-resveratrol 31121 Exotic #nAna1n3ed CY3079 uaz 1917 Shiray

HEAINDAA K1V11 16 wumﬂﬁn%’;’uwa rrans-resveratrol YINATINT ‘nﬂam%"u

°lu“hﬁﬁsﬁu trans-resveratrol “.U?’CI ‘VZEJS ppm WuUN13 Lﬁni'fm;m trans-resveratrol mé&%j
0.90 154 1.49 mg/1 1217 Exotic uag 910 0.76 1111 0.80 me/1 111957 Shiraz T lninida rran
resveratrol ﬂ?ﬂ’ w’ﬁl 10 ppm wumﬂﬁn@'}ymmﬂ?mm trans-resveratrol uanﬁqﬂu%ﬁ Exotic’
waRnINdadaeiug CY3079 990 122 1 3.14 mg waz 1 Shiraz AinGavindadaioiy
EC1118 910 1.07 111 1.49 mg/1 miwmmﬁyﬂé’wﬁumsmaawm Pezet and Cuenat (1996)%"

o

a ¥ L4 ' @ o @ o
WUMSANTUYOI fransresveratrol 10 1IN0 {uAWRAUS Gamay  M&9910IN15 M
. o r A;.‘ < = 1 i & T " . [} o
malolactic m’i‘lua%uum%mﬂmﬂmwmsagiugﬂ glucoside 130 oligomeric Wnﬂggﬂﬂﬁiﬂ
=y -4 . i’ . . =y .
AINITUUDUBDY IHNVD malolactic bacteria HBAINUY Grimaldi et al. (2002) TUNAGT
< . . ) ;
Yoo L) B-glucosidase 14 Oenococus oeni (lactic acid bacteria) (1 Alexandre et al. (200
= o . . . ] :
wynanssuvoaoy la B-glucosidase, o-glucosidase i1a% N-acetyl-B-glucosaminidase 391992

L‘ﬂ%ﬂ‘uﬁ}mg 1 glucoside R oligomeric ({1 free isomer 489 resveratrol

msalaenunlaafSanes total phenolic content Haze3ngY flavonoids

r 3
1u‘131?!‘1ﬂl1111!ﬂ155ﬂu trans-resveratrol Y3118 TPC 1%41’31?1% 2 Hia HAIINHIN ML,

Tiuananiustraidodiynsada (p > 0.05) (Table 4.2) ot1slsAnnlSus TPC szana
BNTesUdInTZUIUNITHITA MLF Lﬁaﬂ?mmvmmiqsmﬂ 119241A copigmentation (1A
condensation ¥83T 17 phenolic ﬁﬂﬁﬂ?mmﬁmwwmﬂm T2l Exotic 5w epicatechin.
wunasnnuLn uanasdustelivedAnmadda (o > 0.05) a5 uw catechin Wy
Lﬁuq’;uatinﬁﬁaf?ﬁngmmﬁﬁ (p < 0.05) MEI9INMIN 2INAURTY 15.08 9 21.66 mg/] Haf 187
A 107935004 Hemandez et al. (2005) Fanumsiituiunaisie epicatechin 11A% catechin

3
o ar 3 L4 . & 5 ; %
wasHyn MLF  Tumiansetny 19 Shiraz wun1sanadna epicatechin 118 catechin 819

downanmdamsniin ALF S5 mmveatts epicatechin i18% catechin THUT U044 fufudeen
NANTIINAINULAZIAR copigment 2 HAZANAZNOUBINT uﬂﬂmmfu quercetin wuﬂ?mm__;_
et iTuddyneadi @ < 005) wiimmdinlulnite2 wiia msifwnssuves
1o %”j B-glucosidase YON Q. oeni Lﬂuﬂﬁlﬁﬂﬁﬁﬂﬁsﬁﬂ hydrolysis %943 quercetin glucoside Vlﬁ&ﬂ‘u
free quercetin (ETS laboratories, 2006) u@nmmfuwu*i"n ﬂ’liﬂﬂﬁmﬁﬁmﬁﬁﬁw trans~resveratroi__a

(Table 4.3, 4.4)a9 I Idranisanudasvesansadwnumsnaasa liAs rrans-resveratrol
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msnlasuuilasiSana phenolic acids laagavuiadn

= = ” 5 < : w ;
msaldountlasifSunet phenolic acid TuTarivis 2 moiuguanstu Table 4.5, 4.6 ung 4.7

ol ] = . ' o . R . i ¥ ' i
T T2 lusin 1@ trans-resveratrol 131 Exotic  wWudnlTuias syrngic acid RTPIETG LR RFT
HodAyn19ada (p < 0.05) wAINIITNLN 910 2.16 89438 mgd (Table 4.5) gentisic p-
. B 1 L] o l
hydroxybenzoic, salicylic protocatechuic 2 caffeic acid TaiwuTuTnineumswiin MLE Ha-s
o 1 LA ar E
55!3'3ﬂWHﬁ15ﬁﬂﬂﬁ?31uq?Hﬁﬂﬁfﬂ'}ﬂ‘ﬂllﬂ -
o o s . ' a .. R . o o o a "
& wsu'ld Shiraz lunylSuim gentisic 48 salicylic NIABULDEHUAINTIHUN 51w fra
hydroxybenzoic A7 U protocatechuic UAZ caffeic acid ATIVWUMAINITHIR USwins
Q. Eg L] @ g oo s " i = g .
cinnamic acid 1finAuadTITadeY (p < 0.05) caffeic acid ANAYY 819 1ALIVIN hydrolysis UDa
o :
@17 cinnamoyl-glucoside anthocyanin (Monagas et al, 2005} 3 PHGRETR INDYWUTVDY
4 $ o = o' o % .
hydroxycinnamic Ed)"u”} Afanndvnssuveson il lactic acid bacteria (Hernandez et al.,:
g ' A a v e .

2006) UINVINUUNY I NIVAADINUNITGIY frans-resveratrol ‘]ﬂﬂﬁﬂ’!ﬁlﬂﬁﬂuuﬂa?ﬂ@@ﬁ?i

Ad10RUMINATDIN IIAY frans-resveratrol
4 g
4.4.4 msifamsnlassznnanszuumsunlang

msulaenuilas total phenolic content, frans-resveratrol 10 flavenoids
& ¥ d o 1 s ] ] a8 g
iWEﬂﬂEﬂuﬂ’lﬁLﬂﬁfJullﬂﬁﬂ‘Uﬂﬁ trans-resveratrol ﬂﬂ']\?‘ﬁﬂk%ﬂﬁﬁﬁ?’l\?ﬂ'ﬁﬂﬂ\l?u TWUIUTUD
o a Pl I's @ o = = o P ar
mmz"huwwammﬂﬂﬁﬂmﬂwm; CY3079 UazunITIay trans-resveratrol USf{T’i‘Eﬂ?)HﬂTSWNﬂ
(wm}?mm trans-resveratrol mﬂﬁqa) FEHNINTEUIUMSHUN USND TPC, rrans-resveratrol, :
< n’: e o = o
epicatecin, catechin 1A quercetin 11 191We 2 woiuglidTurmannsmuIAINYY (Table 4.8)
= « o 1 ] 4 1 =
‘llilﬂﬂ! TPC 11&131«! Exotic ﬁﬂﬁ\ﬁﬁﬂﬁ@ﬂiﬂi%ﬂﬂ'}ﬁﬂ?iﬂu sm::iu'lm Shiraz WUATTAARIDYIIU
¥
TudFunata (p < 0.05) UBANIATUEINUNITARGIVDN rans-resveratrol 1419 Exotic 310
4 { o oo
2.43 e 0.75 mg/l woz' 1] Shiraz 910 1.06 180 041 mg/ wanldaeandnenuaitoves
& t + G & 3 =
Soleas et al. (1997) %QWU’J’IS%'}T’JNMSH‘Hﬂq’m Ontario UNN3 ’s:{‘éyi’?fﬂﬁ'iaﬂm trans-resveratrol ﬁ\‘l
3 o
68 1lodrua
= . . . o . oA of i :
151791 epicatechin 1tz catechin 111917 Exotic imsanaudniios Tuvmzi 1 Shiraz &
¥ ¥
mMsanatetaliiod 1A (p < 0.05) ANHABUITNYDINITHLN LATADTDADS wan lanonndng
o 2w & ' ot . . .
AUN1UI98989 Gomez-Plaza et al. (1999) HIWUIFLALYDS epicatechin DY catechin AANIATY
a1 1151 ﬂi’jw flavan-3-ol ©191A% oxidation 1QY polymerization (Singleton and Esau, 1969)

1oz 819187983 11N1510A condensation NU anthocyanin (Timberlake and Bridle, 1976)
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mafaeuniasyf3sne phenolic acids mgavinaiin

“USu1at phenolic acid  DATAUAIUIENINNTHENANDATLO20707 6 1AOU (Table 4.9)

__ﬁ?ﬂﬂtj:u hydroxybenzeoic acid Wy s syringic, p-hydroxybenzoic, salicylic D% gallic
;::.é!u"hifffaz mﬂﬁuﬂﬁﬁmmﬂﬁﬂuuﬂm 5119 protocatechuic acid s TRy
'_ﬂ:"j'nmﬂiu fhumju hydroxycinnamic acid Wi USua cinnamic uaz p-eoumaric Tl
ttc dutuetaiiid ey ( < 0.05) wianiuld 4 dou TuvairfaSina caffeic acid
Wanuntas Tuwazilag Shiraz ”hjwnmSLﬁguunﬂawmmmtju hydroxycinnamic acid
51anisuauﬂ13ﬁu Hof 18nE10S 10T S904 del Alamo Sanza et al. (2004) FaWUMS

AL o P . . . . . s 1
m_n_mmmﬂsmm syringic, gallic, protocatechuic, p-coumaric URY caffeic acid Tulninuudae

i
£

- o

T8 una'lf18n nazd 180 arsimaitinnein hydroalcoholysis v82'15718n (del Alamo
¥

anza et al., 2004) UBNVINUU phenolic acid B191AA copigmentation AU anthocyanin Ta

3 £, ey t::iy s g Vv o o 3 1
(Broullard and Dangle, 1994) %13 2 dffisnfiorunaiulaniouqniulusenenszuiumsvy

o e ¥ o a:? o SN ' oo
tonffouivufuandfeiinims@uiuliien 0.5 g1 HiSinatesnnauiseves del Alamo

» b ' r
Sanza et al. (2004) (2.67 g/) 845 1 AauTuadu i 18nfToos19¥1 19 phenolic acid #

sonuniilSuaniosdoe

as es Qs &

4.4.5 f;}amn‘umzmaﬂixamauwmaﬂm
S E o a o r:: o & =t [ = =
__ﬂmaﬂymzmqﬂizmwﬁmmm%um 2 unUG maunas LAY trans-resverstrol YUITND

’ o Call @ o o =Y a 4 ' o
timzniin agdadaiemoiug Usziiuawdt QDa Tavfilseifiuiianudnouazan Tndi

Alszfumaly Table 4.10

at L) <
ﬂmﬁﬂ‘ﬂﬂ&gﬂ}iﬂi mmauwamm‘lm Exotic

o

o . oAl A a ¥ o Y A @
_ th Exotic ‘ﬂ“lnnm'smu trans-resverstrol (0 ppm) ‘lﬂmﬂmﬂmﬂmafmmmﬁwug
£ 1 ~ 3 P ar ot
EC1118 Hfunadundt (p < 0.05) (rzuuudgendn) Tnffivdndwbadaoiug K1viiieuas
' W
5 - t 1 LY = L4 Sy t
CY3079 uandu sar wazaududuvauile bl luuandredu udmansTinnzimeadass
Y ] at ] or [ T o I T or
uAnANAY uARzIUTeudnYHzAInaves Irinlindudan EC1118 gandnlaindndae
o ot a o o by ¢ w Y A o §tar o 3 o
vadon 2 ey e 19 Tnindndsedad Ec1118 Td5umseeuiniwgandt lumes
o o ar o =y [N ] o o
Roud ISy 1 Exotic Iimsify trans-resverstrol 10 ppm Lsﬁﬂmanymzma 9 Alsziiives
W 3 o o o wr = o o o a 1
hinand1enuneada (p > 0.05) Inifinindaetad EC1118 fansldfumsvanusmgenth

U
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LY d
padpuasmallsyanduiavealnd Shiraz

o

Pl H ] -~ 1 A i ) S
1911 Shiraz A'13Tn1518Y trans-resverstrol (0 ppm) WU "lmﬁﬁuﬂﬁ’w?mﬁmawu'ﬁ

i a o > dg o P 1 O w9 s e W
~1118 NﬂzlluuﬂmaﬂﬂmgﬂQﬂNﬂqﬂiﬂﬁﬂi55“1«!@?1?’13’] (p < 0.05) vl’luﬂ“uﬂﬂ?ﬁfﬂﬁﬂaﬂ 2y

¥
= @ as

o MR [} ' [ a ar et = Gyl B
u"}g maummaﬂymzmnm”},mmnmaﬂu mmu”huﬁm:u trans-resverstrol 10 ppm AQUWLIT

q

ik @ ¥ = o« v o = ar n,: o o = i
AUNKUNAIVUTATIWWUT K1Ville uﬂguuuﬂmﬁﬂﬂﬂl&'ﬂ\?ﬂlﬁﬂﬂ]Wq@ (p < 0.05) 'ﬁmﬁﬂll'}u

v ¥ o d w o = n’: 1 P @ ¥ o o w o g
uﬂﬂ?ﬂﬂﬁﬂﬁw‘wuﬁ‘ ECI118 mzuuuwwuﬂqamﬂauwwmmaﬁﬁmwwu"q CY3079 LHUKND

Gt L3

- as ' ' ' d — a . N ¥ &
wuasa biuansa aonelsAamdlszdiuianuaiddodanadiingifa oxidation Yululni

i 4 P o w9 o w o = i a
hiraz N LAY trans-resverstrol HaEHIAAWB AR @10W U] ECI1I8 uasyaNIAN rans-

: 3
=1 ¥

: o o o 3 1 =
sverstrol ttazwindauBadaioiug K1viiie drwumaiisefianusienilyly1d51 mady

Vo t o & o 3 w o dfsa a 3
ans-resverstrol 1 linadeamanyusnlszamduda uaensWuiiaduoninads

¥ T

T o o o ¥ ow Sa A A o dAQ W
ﬂmﬁﬂymzﬂ'}ﬁﬂixﬁqﬂﬂnﬂﬁ llﬂgﬂﬁﬁﬁ‘]ﬂwu'ﬂ; EC1118 1Hf}mﬁﬂﬁm3ﬂﬂ‘ﬂ?£ﬂiuﬂﬁﬂ 3 Wuﬁ‘ﬂicﬁ

q

¥
UM NAADIL

_Table 4.10 Sensory characteristics of Exotic and Shiraz wines evaluated by QDA method

trans-resveratrol added 0 ppm 10 ppm

Yeast strain Kivllie CY3079 EC1118 Kiville CY3079 EC1118

. Exotic wines

Color 1.49 b 1.36 b 4.56 a 2.84ab  263b  3.12ab
Aroma 1792  19a  255a 3.06a  238a  3.14a
- Taste 2.58a  234a  3.16a 3202 28la  34la
“Body 237b  244b  33lab  328ab  258ab  3.76a
Overall acceptance 2.06b 1.78 b 3.56a 3.19a 2.46 ab 3.36a

Shiraz wines

* Color 549a 6.102 1.55b 1.53b 5242 572a
Aroma 484 a 441a 3.46ab 2.16b 4.08a 4.67a
Taste 4.65a 474 a 1.84 b 1.28b 4.18a 4.88a
Body 3.64a 4.68 a 145b 0.96b 3.76a 390a
Overall acceptance 4.26a 4.88a 1.62Db 0.63b 4.14 a 428 a

Numbers with different letters within the same row are significantly different (p < 0.05).
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4.5 awamsnaney

3
1InMINaned Ysumms phenolic tulanidudumoiuiodunnsnse mumswam‘l'
aauwuﬁ Exotic 4133794 total phenolic content (TPC) mﬂ’nwuﬁ Shiraz wﬂuu1muua mmu
WY trans-resveratrol 1wz Tufiasiniy ‘lmwu‘lummu ﬂswmunﬁﬂuﬂ‘lmuaw%‘wam

o e,
onsznouuazlSumans phenolic compunds

] o o 9 o= 5’3 Qr 1 g 8r S Y (e . .:
FNIMINUeaNo80a auRuoaan 3 muiug i Id Inif1alisun phenolic

compounds URANATINY (p > 0.05) Clu‘ﬁ?éfmﬁ’ltl‘tlﬂﬁﬂﬁﬂﬁﬂ RS trans-resveratrol (L
as a+ ar ot Mo w t A a T oo :
Tu 3 Juusn uazanamdanmisnidn’ld 6 Yu dufiirdunad lanifduuas Bidy ra

= c\d 4 o :’: ar (=) dy t t Qi
resveratrol U35 (o3 vdumsnsinueanosed wmmﬂsmmummsu‘lulhuﬂluummaﬂu

(p > 0.05) ﬁTH TPC 1H‘I'JHLWN‘1§H5]UQQ'JH‘VI 3 ¥9INITHIN Lm"”ﬂﬂ‘ﬂﬂS'ﬂﬁﬂﬁﬁlf}ﬂui’)ﬂﬂulﬁi%
ﬁuﬂ'!'iﬂ‘uﬂ Sy flavonoids uag phenolic compound Tmaﬂam%%wuﬁi{m‘mﬂuiumaa 2
TULTR uazaﬂaﬂumaqmmwmmwm UATNISIAN frans-resveratrol ‘IEJQJWﬁﬂ@ﬂ_
Lﬂ%;ﬂuuﬂmﬂ‘?mmmi flavonoids 1% phenolic acid

' o . , v . . . i
TEHINNTTHUN malolactic fermentation (MLF) 7Y lactic acid bacteria, Oenococcus oeni

= 1 3/ a ¢§, P A A aen
1Jimm trans-resveratrol Qﬂﬂaaumuﬁu"l'mmwu ua:wnmﬂwqﬂmmmu trans-resveratro

= = =~ 1 W ] ar ol & [ g w o o Pt
VSENTQININGS 10 ppm 1y must ABUMINTN WuNewRUTIaAN 15 3 seiug il
= i ) ar 5 o |
USu104 trans-resveratrol RUANA1RY (p < 0.05) Yuz? TPC anaudniey inzilais phenolic i
1 J ] =3 .. . . . . _
W‘IJ'}'Iﬁﬂ‘E'Iﬂgﬂmiu‘ﬁN MLF 8% gentisic, p-hydroxybenzoic, salicylic, protocatechuic and caffeic.
acid '
] ] o & . A; 24 & % .
senamsvy 1l YSuim TPC uag phenolic 8U €} A rans-resveratrol, epicatechin,’
catechin UDY quercetin AADININIATLNUA TNWUNITEAULAIYD syringic, hydroxybenzoic,
o 35 e i B s T . -i
salicyclic Uy gallic acid Tu'line 2 mMYnUY nedwusuIn protocatechuic acid IWUUU (p <
0.05) ¥aaUu 14 4 1fou 92U cinnamic acid TUTmarasmIAIMTLY vz USnuves p-
coumaric 1A caffeic acid Tinfouuag

=

a o 2 oot o n;’ 1 eia 1 a LT
meRufvosaanldmintumanaaesdl wuhiigniwadenudnuusmalssaududa

¥ Ed P o' w  deq w Y [ e ' w d
yoe]ni Tnewudidanly 3 mewughldnaaes movug EC1118 Mandnyasdnhaedug

q
i

| a [ = e Py o
K1V1116 uag CY3079 wnzinmsifiunse ludumsuignives rans-resveratrol Tuniswiia 1o

PV SN 5/ A~ e 3 ar [ I o
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Absorption and Effects of Resveratrol and

Red Grape Products on Ultrastructures of Mouse Liver Cells

1810

o q’; o o § o 1
szmruTutlszmaiannadaswnslsemads agadouay 1l naznudidseans

- 4 _m w , sA e gys CA .
szmarsuraii Tonaniiulsaiale (coronary heart disease, CHD) ftfigm Yinldiimana1atadih
i & = & o4 o @ ' o ={
French Paradox Ganuedssridiusaiinsuslanoms luiugaaiilemaiiosninily
ct A o1 da ¥ du A & A e
HD 1ite 42% veermomsiu nelmsizuenviniiusansgoalu laidilissnlssnevdy q Al
o = & o t 3 & A
5z TomihuFaguaiw Feeendszneumaniu fie @1313snow polyphenols Tatinwizotnads
Sy & : : ; . ; : e . -
u‘l’mum #9'laun phenolic acids {p-coumaric, cinnamic, caffeic, gentisic, ferulic UA% vanillic
q'_ids), trihydroxyslilbenes (resveratrol {1012 polydatin) 416 flavonoids (catechin, epicatechin RS
; . P t oAa g o4 ' L oA
! uercetin) fmﬂszﬂauiuwamwﬁeguwnmi'meﬂwqﬂ”lﬁnm resveratrol L% quercetin 31
aerniidily antioxidant Plised@nTamuINNT OL-tocopherol (St. Leger et al.,, 1979) Wy

it w 1] H . é
_resveratrol BN phytoestrogen wioii agonist #i8 estrogen receptor NEMTBUNY estradiol T3

:__?:_ﬁgﬂ_uaﬂginu estrogen 91NFITHHA 18 (Gehm et al., 1997) taziHuTinT 1WA estrogen atfunyuy
;:f_:ﬁim?mﬂmwaﬁnzﬁmﬁmn A estrogen  B1vErNsatlesiumsiAalsaialaduman’ld
;f;jﬁ___é:_jc_zi_wvliﬁmu W91 resveratrol i1 antagonist 78 estrogen AIBALTUGIMI BT YYD UTATIIT UM
Uy (MCF-7) Tudnwue dose-dependent fashion (Lu and Serrero, 1999)

4
Resveratrol (3,5,4'—trihydr0xysitilbene) duesiszian phytoalexin Fuiluens antibiotics
44

;';' ﬂw‘xﬁ'qmﬁzﬁﬁmﬁ'mﬁﬂsmﬁmmmﬁaﬂ Botrytis cinerea (Paul et al., 1998) Tauss5usIA
| WY resveratrol HazayWuT Tugilves polymer 50071 viniferin WU Resveratrol 31nluodu &
Bas uazsatawed uavwlusinves iy Polygonum cuspidatum Fa1isuinzdilu | ¥adaly
g Tusis Gond Kojo-kon Tunszuaumiinlond glucosides ¥94 resveratrol azgrifiuuy
: 1ﬁag_j°lugﬂ resveratrol (free isomer) ﬁﬁmmmﬁﬂsmnimmmaaaﬁ resveratrol YUSEANTNIN

ﬁju antioxidant Tﬂﬂﬁ’lﬂﬁ1ﬁl‘ﬂu metal chelator (Fremont et al., 1999; Sanchez-Moreno et al.,
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1999) ammqmﬁiu anti- 1mﬂammatory, estrogenic, anticancer Tuau {Fremont, 2000; Wenzel andf
Somoza, 2005) resveratrol U‘UUQ liptd autoxidation k@% oxidation H94 low-density llpoprotem;
(LDL) resveratrol f}"lll'lﬁ'ﬂ'ﬁﬂIﬂﬂ']ﬂﬂ']‘i&ﬂﬂi'iﬂﬁ'ﬂﬂmeﬂ‘HBQﬂ’liﬁ'}l}ﬂ?ﬁﬂﬂ“‘ﬂ@u‘ﬁ@ﬂmﬁﬂé
iHon'la (Pace-Asciak et al., 1995, 1996) EﬂJEN peroxidation ¥®4 membrane lipid Y83 hveré
microsomes {Fremont, 2000) aﬂﬂ1'5mmmgmmaﬁamﬂmamuiuwmma (Bujanda et al., 2006)';
‘ﬂeaﬂumm au'luiuluduunznsifia alcoholic fatty liver Tunynd (Ajmo et al., 2006) Ltav§
EI‘}JU& nonalcoholine fatty liver disease 1‘1431141,53“{1 (Bujanda et al., 2008) UBN1N uwmmaw?
UERY T resveratrol @Intlesdumsifialsauzieldlasannssnauuas mﬁmﬂmaaamm?
IFAATAINANDY (Jang et al, 1997; Carbo et al, 1999) ua::ﬂmﬂumiLnﬂi‘imummﬂm{
donanwveudiuilszam Aolsn Alzheimer's 1Ay Parkinson’s Tmfmsnszféjumsﬁ%’wﬂm;
ypaadlsramintv g (Salaﬁa 1999) WU resveratrol LAY polydatin mﬂﬁ”liffﬁﬂﬂﬂﬁg
Polygonum cuspidatum %1313 QfufanI3 ez e cholesterol HAE triglyceride Tuavluny (rats:
wag mice) UAzaAUTUMIVOY triglyceride 44Y LDL (low density lipoprotein) 1uu1aaaﬂ “lN’mi]é
flummaldtlessumsifannudumanlumsihauvesiale (Archi et al,, 1983) uaz‘luwaq
A1 Hep G2 (human hepatocarcinoma) (Goldberg et al., 1995)

p61¢ 15A914 MIIADUAUDIAD resveratral LAY wine %uﬂll bicavailability ﬂJ'ENﬁﬁiﬁ
Lgﬂﬂémzﬂ"lﬂqzIﬂﬁmﬂ’lztt’ffaﬁﬁﬂﬂ'éﬂjﬁﬁﬁﬂoluﬂiﬁU'Suﬂ’]ﬁf]ﬂﬁlﬁﬁ"lﬂﬁ'ﬁ‘ﬂ?"Nﬂ'lﬂ'ilinﬂ hjf'lﬂ
Joyandng 10IABUTUDIAD resveratrol 1Az wARfuFvosedudsilifesinn  resveratol Tu wine
ffSmnantooinn dszua 5 me uﬁmminagiusNmﬂmuuaz@ﬁw"lﬂ“luﬂ%’mmwmﬁuﬂﬁ
UseAnnmdregunimyosauld (Fremont, 2000)  resveratrol ﬂﬂcdﬁuslus'wmﬂﬂu"lﬁmuﬁ
Blavsiisbilisy W1 gunsoaseialdluiuien (plasma) °1u11‘51nmmmﬂ1usﬂ°um unchanged
resveratrol 110% glucuronic acid conjugate (Yu et al.,, 2002; Andreas et al., 2003; Walle et al., 2004
Wenzel et al., 2005) lmuwaﬁﬁﬂﬂ“ﬂ“ﬁn resveratrol IABNIZUIUNTI passive diffusion UD% camer_.—

mediated transport (Lancon et al., 2004)
o d
5.2 Inqilazaan

13
A e ¥ r %
1umsﬁﬂmuummﬂizmmmﬂzﬁmmm total phenolic compounds VIADIUUAY Vitis
Bhins T e t 1
vinifera WWENOWUT Zinfandel HAZ pure trans-resveratrol #ONIRAGUIIGNISUmADATAY
b
AUNAIN bioavailability Tu plasma Lmswaﬁmgu (grape juice - GJU), wine (GWI), #13010AN1A

3 t o
09U (grape pomace - GPE) 12 resveratrol (RES) A9 ultrastructure mﬂﬂ&“ﬂﬁﬁﬂﬂﬁulu‘lﬁ
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47 meq
3 a)maniuaz3Ens

= 4 &
5.3.1 aVIANNAZIAYDIH0

Trans-resveratrol 910 Dimethyl sulfoxide (DMSO) #1910 Riedel-deHaen, Seelze,

Germany; Absolute Ethyl alcohol, Boric acid (H BO) (HPLC grade), Acetic acid t18% Chloroform
3

=]

El‘i]‘tﬂ Merck, Darmstadt, Germany; Dimethyl sulfoxide, Folin Ciocalteu’s reagent, Gallic acid,
ér&fonnaldehyde, Glutaraldehyde (EM grade), Sodium cacodylate (EM grade), Lead citrate,
ranyl acetate (EM grade), Araldite 502, Toluidine blue, Acetonitrile éﬂﬁ]’]ﬂ Sigma, Chemical
bmpany, St. Louis, MO; micronizer; rotary evaporator 310 Bosch, Co,USA.; lyophilizer
E3abc:om:0 Corp., Kansas City, USA); capillary electrophoresis model G1600AX 810 Agilent
echnologies Deutschland GmbH, Waldbronn, Germany; ultramicrotome, knife glass 990 Rrichert

tracut S, Australia, uncoated 200-300 mesh copper grids, transmission electron microscope Philips

. CM10, Japan

% 3 o/
5.3.2 a4 1hegu Tariuaa sas msaiamneguung

] o ' a oo L4 3 = ar
aquuAtuaz 1DUUAININBIN Vitis vinifera waanusivasvhiuuniInndona luladys

o ar a &1 x ' o 1 1

w73 dunedios Savdaunsswfur wivuheuuasmsadanmneu Taodnasguliayen
day y ¥ ; p 1q ¥ g ¥ g ¢ o 4
Al uede micronizer U HnAAuAn wonuaznsouhiadussnNui 20°C  uamnd

- 372 peel, skin, LAY seeds WoziBun uazadn 1Ay macerate A0 80% (v/v) ethanol Mafuiumn

] | 4 3 ¥ o
afiai 450 x g 15 WA uemiwmznou ldadad 23 ads sanhadananuaudnsesriunsio
- 4 3 oA o ¥ ¥ o
. cotton wood szimely rotary evaporator 1140 C 1Himae 250 m! thunwld nitrogen gas HAIM

By oy s = o, 8 = a, ! ¥
- UYIAIY lyophilizer ¥1 -50 "C DY MY crude pomace extract Y1 -80 C Aouly

5.3.3 wynd
4 @ o ) & : w ar
HYIWIFAIENWUT Institute cancer research (ICR) mﬂpj 7Y 6-8 dUa i dimin 25-27 nSu
. td 1 ¥
.90 National Laboratory Animal Center #1uasa1Y3 5&ﬂ?ﬂuﬂ§ﬂﬁu BEIN01A131089
e o L I o - o o o a a g
- dnInAans guiniealoInnmaiuazina lulad unimedsma luTagsuis feamgiives

s o ::f g e ' - < :}
. 24-25°C, ﬂ'J'HJ"}f‘I—JﬁiJW'YIﬁ'in-?O% deraaa:dia 12:12 9109 ovmsuaidl ad libium M35

@ o ' o
- Fainaseadiulilmugilovesnaznssumslddainaans
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5.3.4 M33n3118¢ Total phenolic compounds (TPCs) in vitro

Total phenolic compounds (TPCs) %484 1';1@\3'14 (GJU), i (GW1) uaz ff”l'iﬁquﬂmﬂé
(GPE) Ta 1A% Folin Ciocalteu’s method (Swain and Hills, 1959; Matthaus, 2002). a2810'G
11 ethanol Tl 100 ul v8¢ 1302187788131 2 mi Sodium carbonate iy 2 WA uA21d 100
Folin Ciocalteu’s phenol reagent %aa:mtﬂu methanol (1:1) 14 30 U7 99 absorbance 37'! 750
1% pure gallic acid 1Huasuinsgnuiioy 5a wriplicate UaZUARILTUIMIYDS total phen

compounds 1 milligram gallic acid equivalent (GAEY]

5.3.5 Absorption 483 Total phenolic compounds UBS frans-resveratrol in vivo

IR msdrediaunnynatn (oral gavage) Suagass 7 az 0.5 mt Tagl¥ 20 me/kg tra
resveratrol (a3018 14 12% ethanol, v/v), 0.15 gkg (b.w.) GPE (azaislu 10% DMSO), ua:
resveratrol-spiked wine (20 mg/kg resveratrol} nd_lunm 0, 15, 30, 60 U 3, 6,12, uaz 24 ‘B’”ﬂ
wag control Tilfiars 1wy 3 Aaenisnaass Winsain Gscarify) myuazifuidenly EDTA
K3 tube Funfoudtoasfufonusda (anticoagulant) Thudeadl 1500 x g, 20 Wi 4°C k.
plasma ldvasadgzen Lg‘l_lﬁ 20 °C ABUIATIENHT total phenolic compounds Iag Fo;
Ciocalteu’s method LAZ AT ‘:’?’1‘1'} trans-resveratrol #7308 capillary electrophoresis (CE, mode
G1600AX Agilent Technologies Deutschland GmbH, Germany) Tauld 2-100 mg/l tra
resveratrol  spiked Tu plasma o M5 calibration curve ATUMIANMTUT LAY prog'i:‘a_:_
chemstation Rev.A.09.01 (1206) (Agilent Technologies 1990-2001) A3 14H 6 replicates Gllflﬂ_fig

naand uazl¥ 10% DMSO 11y control

5.3.6 Effect 494 resveratrol Uiy grape products §19 ultrastructure U043 liver cells

T asnagouunnyniahn (oral gavage) Suaznis 82 0.5 ml Tnol# 20 me/ke tran'_é
resveratrol (1‘14 12% ethanol, v/v), 0.5 mlfday GJU, 0.5 ml/day GWI (12% ethanol), 1lag 0.15 g/'k
(b.w.) GPE (Y1 10% DMSO) 15lunar 2, 4 uag 6 ifow uas1¥ 12% ethanol 11ag 10% DMSO )
vehicle control IAUAIBONAUNTIIIMTaRLLAL scarify ¥y uda fix NuHdm Karnovsky”
fixative 1A6M311 vascular perfusion Fdauondusan nazdalhiuFudnlsyanm 1 x 1 mm.
fix @iﬂ%&ﬁﬂu Kamovsky’s fixative ‘ﬁ 4°C Mafiu Z%:N‘T;uﬁ‘ﬂﬁﬁﬂ PBS (0uAIY osmium tetroxidéiiz
2 $2Tus MTuANT00nINA 19619870 acetone 11 block ﬁa@fmﬁm%’ﬂ%ﬁﬂmé’faaﬂﬁ’aég
ANTIMIBIANATOUNUYADY (transmission electron microscopy, TEM) mnﬂﬁﬁ%‘mmgm;
(Wischnitzer,1981; Hayat, 2000) sectioning 496 ultramicrotome 1FUAUAT AIWHUIUDS section;

1 a . . . 3/ e
muuﬂvmﬁwﬁmmgmmm TEM section I section U copper grd douAIY uranyl acetate
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?ffuaz lead acetate TUALR 11 section 19 1ATD3 TEM (Phitips CM10) D100 ultrastructure Y04

i Fe
HADAY

d oo
5.3.7 M3 AUATIZHMITON
= 4 T Eor=Y 4 r
MTUATIEHANULANAIAITT ANOVA uazifSoumonaruunnsia1ag Duncan’s New

‘Multiply Range Test (DMRT) Anwniaziiiu p <0.0s

5.4 HansnAaRanazIN ol

5.4.1 Absorption 484 Total phenolic compounds
¥
151110 total phenolic compounds (TPC) (39 in vitro) °luwam§wuam~ju V. vinifera At
GIU T TPC 1,102.67 + 21.96 mg/l, GWE I TPC 3,613.00 +15.13 mg/l 42¢ GPE & TPC 4,407.33 &

& : 5 e '
13.65 mg/l %3 TPC mnﬁqs—ﬂuwawammﬂm%magu (Figure 5.1)

m TPC content

TPC content (mg/L)

Juice Pomace Wine

Figure 5.1 Total phenolic content (TPC) in V. vinifera products, juice, pomace extract and wine,
expressed as mg/l GAE. Each sample was measured in triplicates. All values are mean + S.D.

Values with differing in small alphabets are significantly different (p << 0.01),

Y5 TPC Tundanavesajuinizilgnluvhisy wne IndRssdunanisnsninazy
Tt aiume (Teissedre and Landrault, 2000) uagerniluldfiusuin TPC funndorseziians

5 3 . = L 1o o a ' = .
active ingredient maawamﬂaguﬂﬂﬂﬂﬂmmmamaa%mmm 1B B9V resveratrol, quercetin
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(3,3',4',5,7—pentahydroxy—ﬂavon), catechin Lifi® proanthocyantdin ﬁfof ﬁmﬂumwumﬂiu-m%:
GEITIER uazll'nfumcaﬁﬂﬁqwﬁlaﬂ{imaumaawaﬁﬁwﬁ'uﬁ/um%‘wemuué%awmw
(Yoshida et al., 1990; Bianchini and Vainio, 2003; Haider et al., 2003; Alkhalaf, 2007). uazﬁﬂ
[FARUZIS MM AIHFIIAMIBILT apoptosis (Surh et al., 1999; Lee et al, 2006) A lfiRudol
AIn@ (Bagcehi et al., 1998, 2000) |

139A%Y (absorption) in vivo ¥0¢ TPC Tu GIU nar GPE wdaliuy 1d5uarsmail

0 WK plasma uANANAUMIATUYDY DMSO vehicle baseline Wu31 absorption 19

‘ 2 - 4
TPC it plasma ouIn (Figure 5.2} TPC 310 GPE 1u plasma ISUUANANFAIIUIN GIU 93n

1 ar

1WA baseline 183 30 W17 absorption 484 TPC 910 GIU gagamifiy 0.2152 + 0.01 g/ #i

'
@

$2Tus uaz 910 GPE gadu1di520d 6 $21ue 1A 0.2157 F 0.01 g1 1Bg TPC recos

gegaifiy 22.93% iy edelsAmuniSinm TPC 110 GIU oz GPE HuunTiuanaal

a 2

(Y] 1

sEAUIAUT 24 92104

0.25 -
0.20 -
g
2015
B
3
[
)
(1]
o 010
o
=
—~4— DMSO
0.05 4 -m— Pomace
—A— Juice
6.00 " r T T T T T .
1] 15 30 60 180 360 720 1440
Time {min)}

Figure 5.2 Total phenolic comnpounds absorbed in the mouse plasma after oral administration of gfap't_'a;
juice and pomace extract at different times. DMSO was use as the vehicle. Data represents the mean i

S.D. (n=3) and p < 0.01.

A15AAFUYD TPC/polyphenol 1nranAnvotaduInvisy una lunyundvoans

c:iv 1 =2 oA ¥ ) o -5 Aea o
mﬂaaamf]u Wyl TPC ﬁ"liﬂ'ﬁﬂﬂ”ﬂ%uﬂﬂ&ﬂ?}ﬂUlﬂl‘ﬁukﬂﬂ’]ﬂ’ﬁﬂ'ﬁﬂﬂ"m\liﬁﬂuﬂﬂiﬂ'i'lzﬁiﬁﬂ
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JEHAIUNIU @13 polyphenol ﬂﬂﬂwmmmamm“aﬂaav”lﬂiuﬂamﬂ wun lunui 1ésy

w

¥

catechin athn ggadududenlu ¢ ¥2Tuanazsingluilaazamolu 24 $2Tue 1hdon
fszmwmmi‘la\izjav polyphenol uAR11#1IAA polymerization ¥osasudtusenduganiss
1180 19% voams R IA3Y (Das, 1971) Tuavudnlnfuas SngsiwudSuna polyphenol Tu
_i:ﬁﬂﬂ (plasma) Lﬁﬂﬂd?u Iﬂﬂk’)’lﬁ‘gﬂ absorbed ﬁ upper gastrointestinal tract N 8M5Uﬂ13£ﬁﬂﬂ1?$
tioxidant (Sarafini, Maiani and Ferro-Luzzi, 1998; Caccetta et al,, 2000; Tedesco et al., 2000)
28115 0ASI9NUT resveratrol 4AY quercetin 14 plasma TW&s9In AU TR AT

i ¥ + ¥
A5y grape juice (Meng et al., 2004) UBAIINY A5AY coffee ﬁmuﬂ?mm caffeic acid 1u

I oS . i n .
plasma ldgeqad 1 41714 (Nardini et al., 2002) Twhususafiuauiv anthocyanins #aiiuinly

- | . 1 ' o . @) 2 3t W
AANAWIN vine 1FUDIUIAL blueberry AHUITOATIINY anthocyanins 1A 1UIABANS DUAUWY
tioxidant capacity A (Mazza et al., 2002) LAz IMINARDINY N ﬂ‘li@ﬂﬁdﬁmjﬂﬂﬁﬁﬁﬁ’ﬂi}’m

i d 1 L . . - oy é ‘4 = u 3
IWARDIHMINITORAILAL lipid peroxides LDE carbonylated proteins 9 15y antioxidant

activity Tun15A U reactive oxygen species MAnIn hyperglycaemic conditions Tuihon uaz

ieleAuveInus AR UINYIY (Chis et al., 2009)

5.4.2 Absorption %81 rrans-resveratrol in vivo
=2 14 % ¥ 4w £ M o
NIRATY resveratrol (3.4, 5-trihydroxystilbene) Tu plasma WY mcl'ﬁ‘ﬂig lasuats
%’é'sveratro Tauase uag resveratrol-spiked wine N19YIN WU resveratrol Qﬂﬂﬂ“dﬁm&ﬁ:‘,m%gﬂ
ﬂaﬂﬂlumamu mma‘lﬂxﬂuauwuﬁ 39%R312 ¥ laiwui resveratrol A28 capillary electrophoresis

(CE) Tu plasma ¥031y 7 1850 resveratrol (in vivo) tiaz Tl T plasma ¥ any i 1851 20 me/

_esveratroi -spiked wine {in vivo) UANATIZHWUT resveratrol 11 16 mg/ml resveratrol-spiked

plasma uanﬂ’mu {ex vivo) (Figure 5.3, 5.4 482 5.5)

r

ﬂ’]'iﬂﬂ“lm resveratrol 11 plasma Y¥BIN YT 71851 resveratrol 130 resveratrol-spiked

{vine (in vivo) 13807 0, 15, 30, 60 W19, 3, 6, 12 Ltz 24 F3 133 A3 129 LN resveratrol ARBAYN
mmmma‘nﬂam (Table 5.1)

. MsARYINTASY resveratrol mﬂﬁmwiﬂU‘lwmmmﬂmmmumau Tdamse
ﬁ'ﬁl%ﬂ1 resveratrol 91734 capillary electrophoresis (CE) in atlne1aiiuingg resveratrol fn
I ' ] »
Waswumsoyiuslugld ce limuiseasanld nanmananssindsfunisgaduves
& ' = ¥ e ¥ a EY ' ¥ '
resveratrol “luwuus‘n BIWUIT MYLIN resveratrol ﬂﬂﬂﬂ%m"u'iﬁﬂﬁmﬂulﬂ Lm“‘ulnﬂﬂtl'iltl HARN
qucuromdanon 11310 resveratrol glucuronide £3 96.5% mawmw‘lu alddnuaznszumion

(Kuhnle et al., 2000) ‘l«!@ﬂ%']ﬂl&ﬂ'}‘ﬂ!'ﬂﬂlﬂi"I“ﬂ'l'i'llﬂi'l“"}"i‘}’i'tﬂ'iu"lm resveratrol Wﬂ?}‘]ﬁﬂl’d'lﬂ'iwuﬁ
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3 L) P 1 I e - o o = :

ieadiumatia CE ¥9n211 12 Apud19 (sensitivity HA3I1ZN resveratrol 1AGI1GAN 4 mg/l)
a yn o - Sa y Y oA oo o N

?3'!%‘1’1"!1'}'?lliJﬁ'liJ'l‘iﬂﬁi'H]’)ﬂﬂiiﬂm resveratrol  VIUHBHUTING llﬂtﬂ@i“ﬂﬂijﬂ‘ljﬂ'ﬁﬂ?'m_ﬂ
v s . . ; |

resveratrol #8MAUA high-performance liquid chromatography-diode array detection (HPLG:

.5 .
DAD) Fefianu fagandy

\
Rosv 2000

Figure 5.3 Electrophoregram of standard trans-resveratrol (200 mg/l} showing the retention time.
resveratrol (in vifro) at 12 minutes analyzed by capillary electrophoresis, detection wavelength-::q_’g

220 nm.

e
1
PResv 16 gL,

10—3 »

L Eame 3

LASELA S A (S B SN SN (N R i A S Ao e e S S T

1Y T 1
25 5 13, 10 125 16 118 .

Figure 5.4 CE electrophoregram of 16 mg/l rrans-resveratrol-spiked plasma (ex vivo) showing the

separation of resveratrol at the retention time, 12 minutes, detection wavelength at 220 nm.
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;;_'lf_igure 5.5 CE electrophoregram showing the separation of resveratrol detection of plasma samples.

A, plasma sample as a control. B, resveratrol-spiked plasma (ex vivo). C, 20 mg/l-resveratrol spiked

;::Wine plasma (in vivo). Detection at 220 nm.
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14 HPLC-DAD R399 3AUT0 0 resveratrol  Tunyusn 18Tas1d synthesized  resverat

conjugate 14 standards Lﬁﬂclﬁ’ 50 mg/kg/day resveratrol M19110 #5295 resveratro
19% lu plasma, 15% 144 urine oz 13% 14 feces uamﬁ"ﬂiﬁ 300 mg resveratrol a31990 1y un
1484 54% (Wenzel et al,, 2005) ueARIATiEIsARAANYTIIY resveratrol fAgadudhien
Fatuazmanszniovesnnd ilaweduizaien 18Tasldmstuiunded  wyund Baibie i
AUDTNETATA 185D “C-trans-resveratrol W90 HUNTRATHIALNITATLIIOUDS rosverat
Tu stomach, liver, kidney, intestine, bile, urine UAAI I resveratrol Clua‘ffmzﬂaag:ﬁ‘]u intact form
uazdaisieSoasithvinouss cancer prevention 494 polyphenols AR (Vitrac et al., 20
Walle et al., 2004) *H-labelled resveratrol L%’lfi Aol uy ﬂﬁljﬁilgﬂﬂuﬁ wﬁ’u‘ﬁf HepG2 14 Tﬂtﬁﬂ"cﬁf
passive diffusion 0% carrier-mediated transport smz%’;uﬁ’ummh’fu%’mm:qmﬁQﬁ (Lancon et

2004}

Table 5.1 The results of in vivo resveratrol absorption in plasma from the mice after 6

administration of 20 mg/l resveratrol and resveratrol-spiced wine as the designated time:

treatments.
Time of Trans-resveratrol (mg/1)
Administration Minute Hor
Plasma sample 0 15 30 60 3 6 12 24
Resveratrol-treated plasma ND ND ND ND ND ND ND ND

Resveratrol spiced wine plasma  ND ND  ND ND ND ND ND ND

ND = not detected

¢ e
5.4.3 Effect Y93 resveratrol U8 grape products A8 ultrastructure YD UFDANL
= [ s & o o c
msldountasInseea31952A1 ultrastructure VFRAA UL (ICR mouse) 910§%
=, ] da o ] T & y
W89 resveratrol uazwamawaeguﬁ?vﬂf’{mgammumanﬁ‘iau;m‘uﬁmmu {transmissio

1] ; o o 5 - %
electron microscope) Msifounilasdiuilsznpuvouradduvosnyd 145y 10% DMSO ua

4 @ Ay Yo = :
12% ethanol mu‘ﬂu vehicle control (Figure 5.7) gmaﬁﬂuw"lﬁm 10% DMSO wumsalasuiila
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Figure 5.6 Transmission electron micrographs of liver cells of ICR mouse normal control at 2 and 6
months (A, B) and 6-month oral administration of 10% DMSO (C) and 12% ethanol (D). Lys =
lysosome, M = mitochondrium, N = nucleus, GER = granular endoplasmic reticulum, AER =
agranular endoplasmic reticulum, Gly = glycogen granule, V = vesicle.

¥ r 5 »
egu 61U hidldidamsifoumlas uirastructure vousadduisssozdunazizoz
= ; v dunye w ' & .
- 1 (Figue 5.7, A)  dausadaut A umsatanineu GPE $ainazaedas 10% DMSO 1iu

119114110 4 1ABY WU mitochondria (M) ua2 granular endoplasmic reticulum (GER) na ues

1
4

W‘U dilation 4843 agranular endoplasmic reticulum (AGE) thaanies (Figure 5.7, B) I AdEy
DIF?!J%' Uwine (GWI)} L8 resveratrol (RES) %aa:muﬁ'w 12% ethanol WL dilation U949 agranular
endoplasmic reticulum (AGE), 11 vesicle (V) mmm%m‘hmumn ag Wull mitochondria (M)
1Hﬂ§:ﬂ751ﬂﬂ§ (Figure 5.7, C and D) vesicle mmm‘lﬁﬂjﬁwmmﬂu lipid storage nioduy

- 5 . da & g 23y o
b mitochondriam N dilation F94H19INI3 ﬁUﬂMﬂ?UlﬂW'l%iHﬂ'ﬁ‘iﬂuHﬂ
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Figure 5.7 Transmission electron fniérographs of liver cells of ICR mouse at 6-month administration

of 0.5 mlfdé.jr-'grape juice (A), 0.15 g/kg grape pomace extract (B), 0.5 ml/day wine (C), and_'_f
mglkg resveratrol (D). M = mitochondrium, GER = rough endoplasmic reticulum, AER = agranuia

endoplaémic reticulum, Gol = Golgi complex, Gra = granule, Gly = glycogen granule, V = vesicle

1 4 o = 1 : & [ s

atha lsfia nyldSumsndnnavesadulussesnaidu 2 dou Binumsulasuuilay
¢ o i [~ 5
T TR59a19 ultrastructure VBUFABAY 221987 4 thoununsasuulastudndes Al
oFe 1 a W PP
185U 1LY (prolong treatment) WuRsIAsULavas IR IEd 1T aRINLTWIANTID

] a 1 o o 4 w oA w 1
(Table 5.2) lapmyizedndimsufasunlaufaduizadvesdun 15y 10% ethanol ad1ufY
d& o o 4 H = o .ni
az ethanol Galiiudazaoats resveratrol was lulninmavinmsuinentunaliifa
msm%‘auuﬁm ultrastructure mawafﬂé’
4 o & » & 4 | a el ar s
Wufdsedntuiuniudai ethanol HasAS3RLNI ethanot Y 1dd UMY mmi‘lu‘lwu
M o o . . . a1 = o 1 e w o
¥RV (fatty Tiver / liver fibrosis) DM IToIUNYNIN NIZAW AU LOSIYAAAWAUTUIT

¥ Fd
§1 HepG2 WU ethanol ilAnunilaslassadednlsznoy vltastructure YouvadauNIszy

¥ o4
o

> 4 o aow = o oo
U URSITHZYTN 53\1ﬂfs{'lffﬂ‘l]Wﬁﬂ']ﬁﬂﬂﬁ@ﬁ‘ll@ﬁﬂ’l?'l%ﬂﬁ HUAD ethanol ﬁWﬂﬂﬂ?iﬁL"ﬁﬁﬁﬁu

1t)@ouudad endoplasmic reticulum (ER) UBg v glycogen AAUTLHINNDVOS endoplasmi'____;
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L3

sicutum (ER) #11dBmTuga vesicles vumfinuazIngszning ER, mitochondria wunlng)
g;{z_gmxﬁmmﬁﬂﬂﬂawams%’ﬂﬁwm cristae, agranular endoplasmic dilation Fu vesicle uag
1d droplet wm’}ﬂaﬁu (Ashworth et al., 1965; Lane and Lieber, 1966; Sana et al., 1997; Vilaro
d Llobera, 1988; Cameron,et al., 1998) mitochondria “Uu’lﬂclﬂﬂg' (megamitochondria) i cristae

e o ¥ g - B i e 5 i
-*Iwmw Wwivaa succinate dehydrogenase activity LLI0Z 0 respiration activity W3 proliferation

9849 mitochondria ﬁ‘im'auznﬂﬁmu (Koch et al., 1978; Cameron et al., 19983)

ble 5.2 Ultrastructural changes in mouse liver cells after administration of grape products,

_resveratrol and vehicles of ethanol and DMSO (dimethyl sulphonyloxide) during 2, 4, and 6 months.

Level of changes in the ultrastructure of liver cells

.. Treatment 2 months 4 months 6 months

.. Nermal control - = -

10% Dimethylsulfoxide (DMSO) - + +
. 12% Ethanol ++ Jeiet
. Grape juice z = =
Grape pomace extract {in 10% DMSQ) - & +
Wine 0.5 ml/day (12% ethanol) - + +
trans-resveratrol (in 12% ethanol) - + +

Dimethyl sulfoxide (DMSO) {Dumss35u3d Tififiy dnonm uaznumnid 14unm
ij?%_'nmmmiwawath& LY inflammation, allergy, free radical scavenging, 1101¥ paralysis 111 spinal
§:§ord injury, sinusitis 40z 19 DMSO Tunissnwiuzida ifieeein DMso Sudanisutedaiy
;i'imauwaﬁ (Kovach, 2007) DMSO ﬁ“l%“lumsazmﬂmsaﬁ'ﬂmnﬂ\ju (GPE) lifinasoms
alfsuvournddy Jemenndosiunisld 25% DMSO  3a0WEnun morphology %84
‘mitochondria 8% myofibril wwnaé'ﬂﬁ’mnfaﬁ'ﬂwguwﬁruﬂwéaa copper (Saari  and
Medeiros, 1991) uaz DMsO hiddudsznouvaaadiunyusniiviaien Gischemia) i
_L_ﬂgﬂuikﬂﬁd {Coskun and Huseyin, 1998) 10-20% DMSO "liitﬂﬁuuzaﬁas ultrastructure Y94
oocytes g lLAITUATS (Turathum et al,, 2010) Tun1smanesndal] 10% DMSO 1§ vehicle
U solvent ¥BINIIA ﬁ'ﬂmﬂaéu (GPE) Wuany e dilation 499 agranular endoplasmic reticulum

« s 4 e u 1 5 3
luadfunyihd eruilunasin DMso finnudugs 1T dislocation U89 microfilament
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y ¥ -
(Fukui, 1980) fiA314 endoplasmic reticulum WEA411 10% DMSO hidluRurewadsy athaly

@

] ¥
a1 DMSO HaTmdingen (70%) 819w Ifmadidnd (Admin, 2010)

NTANKIONTNEYDS grape juice (GJU), pomace extract (GPE), wine (GWI) o resveral

. ¥ 3
(RES) Aomsn)avunalasveslnseadiadiuilssney ultrastructure vouxassunseiliiunigi

¥ v
usn GelufindngrumsWeruealiundeu ssadamnejunazmely 10% pMso hidiva
o o o ..:
yaauIniin o19dlums iz DMSO {Huos free radical scavenger ua:tﬂumima:awiﬂ
ad e o ey A = LR L= ¥ e oo o g o
sssupdamidifamsmisunvesnainguwaaninhmsdilgduiusiumadlae
T - ay & 1 ] ;
ua DMSO duduninoedsindusaddthegiesdmansenude lnsaadameluradl
rg & o o = 3 o B
ua ludeszdum ifiadialn®  Wud1 GPE aaszdy cholesterol U plasma YBINYUTN L
» 2
t a v w od o
suppressed fatty acid U sterol biosyntheses naaathminduianios (Yunoli et al., 2008) 1
o et [Y P [ gy '
WuaadafunyuInilATy grape seed extract (GSE) uraanuiun Tunaasun toxic Avta

¥
(Wren et al., 2002) wenvniiMsmatantsasae Wawsoana polyphenols 2BNIINMTBY

u’: & ar té = or = o 4
13vanun  Riupudnfu GWI il 12% ethanol (MAHaMTHINABaa) M lduldvunla

d o - g 9 1 ' @ ] =) = -
Iﬂiﬂﬁ%’l\il“ﬁﬁﬁﬂﬁl’ﬂﬂﬁmﬂuﬂﬂ ‘e]’]%tﬂu"lﬁ'l'l Szﬂ’lﬂﬂ'ﬁﬁﬂﬂlm$‘]J3J11’3151.I$!2$ﬂﬂu lees INAY

10z lees DATT esters UTulAou phenclic compounds wazaATIINENNI A MIMTa TNy
= o v L4 o
AAINUB{H (Perez-Serradilla and Luque de Castro,2008) Tulaine eruilunaldlnim
Y Mg o - ] it g} o g w 1 & ] L
ethanol USmannn ua llihudy liuwfouTasaharaddy uazdawuh Ininnequnaise
w  dw u’: . . o+ o or o
WU HHVYS proliferation YOUGAANSITIANUWUT Caco-2, HepG2 and MCF-7 1I0AU (Yang,
Martinson and Liu, 2009)
= = = w o @ A i‘_] o 4 =l CUEE
HNITANB UNGINUDNTNWAYDI resveratrol YIUU polyphenol FUAHUIVINDWININ grape
= L o o 3 = ar
vines 1Ay berry Tuidanmilsz Tomiregummussaunazdainanedu  nyusnin 145y acute
spinal cord injury WU resveratrol  GAN1IWIATY  axon, neurofilaments, myelin she'atﬁ;_
. .
a . o . o
mitochondria 182 nuclease Bpuranlszamluy spinal cord il energy metabolism system ﬁﬁu
s ) e
ar e . . . = 5 w [~ a i
LR B4 lipid peroxidation W 143 IR spinal cord 1A5unaiRy i ldan secondary damage AI®
spinal cord (Ying-Bao and Ying-Jei, 2003; Ates et al,, 2006)  reseveratrol 1 antioxidant capacif:j}"
¥ ] H
g & w & . o LT
&VIRY estrogen JUHIAINTTUUDS actin cytoskeleton 11 breast cancer cells inliiwaa liindeoud
o <&
(Azios et al., 2007) UDL resveratrol flaafu mitochondria 910 reactive oxygen species (ROS) %4
= A : : : o 3 o
RN arachidonic acid (AA, proinflammatory fatty acid) UDE 519H N (Shin, Cho and Kim,
w g 3 . . g ¥ ‘:: W o i .
2009) taztlnaiu 119 mitochondria veuadnduilowilaymanmswaly (Xi et al., 2009)
5 b4
Touisnonsdina lnuns resveratrol Wumsdud phosphorylation of glycogen synthase kinase-

w ; .o Y s
3 HAEIAYUIAYBY mitochondria 73U spectrophotometer 1A a9 transmission electror
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Sil p:' MAa o ar u’:’ o a o o 3 o e o
‘micrograph  UBNAINTI resveratrol HBNFwaduTamsIgiNduIUmatiuzS WuToRus 1,
& a s 2 4 o Sy
HazanYUIANSISIAY (hepatoma) Tuny TaoMyaRans suaaaueisan S phase 1 lviwad sl
| [ o a as o 3 o L [l
U943 (Yu et al,, 2003; Wu et al, 2004) (aaNISIMORUT (Caco-2) 11nuztsadrldanTu
= . o =t
150810910 S phase 1] G, phase unzaaU3u1w cyclin D1/Cdk4 complex tou taifidoantsTu

sutiuzad (Wolter et al., 2001)

5.5 aydwamsnaaes

= 1 (-3 é =2 o =

 wiewoueseu Vids vinifera 010U Zinfandel Falgnluvhiuuuinndomalulabqs
)

uﬁ 1Aun ﬁmgu (grape juice GJU) Tl (wine, GWI) (oY ﬁﬁf’fﬁﬂmﬂﬂgu (pomace ethanolic
extract, GPE) fidau1ls2noue1s phemolics 1134 GPE 1l total phenolic compounds Mniiga
¥
j;s:maaﬁa GWI tiaz GJU Usunamudauasil GPE U TPC 4,407.33 + 13.65 mg/l, GWI 4 TPC
3,613.00 £15.13 mg/l 4Ag GIU & TPC 1,102.67 + 21.96 mg/l

: .ooA I s I P ¥

_ @15 phenolics vy lasumsthagnaaduingnszuaifon d1u1sonsIam e u
plasma 1#Uszu101 22.93% s 24 §7Tus  phenolics 1 plasma TuunTduanas  a1se1egn

or 1

‘metabolized, SURUATAN HTo QIUDBNIINT MY FUIREIRY resveratrol A5 LS AN Teny
fgmﬂ"luwﬁmmma\juuaziun‘m"?ﬁ'ﬂf‘ﬁ%’sﬂuamﬁw (referent compound) fIINTIUVBINTAND
090qURiAnI  resveratrol aniognaadudinszumen lAIUAY  uAWUT resveratrol
Wsmanlauuinlu plasma s ldarisons19m1 18R ein30ile capillary  clectrophoresis @43
:mm‘hmmswu (sensitivity) vlliijdﬁ’i’llﬂéﬂ&ﬁ@ high pressure liquid chromatography (HPLC) LA
_'ff WITnRIITH ﬂﬁ\lglﬁﬂ(lfi resveratrol Ha 1u plasma Tounss (spiked resveratrol plasma) hitley
191 16 mg/l

13”1033'14 (grape juice, GIU) Td (wine, GWI) uag ﬁ‘liﬁﬁ’ﬂﬂmﬂxju (pomace ethanolic
extract, GPE) 1% resveratrol lihAoumlaslnseadisdnalsenoy ultrastructure Yo usagay
wynd @I 10% dimethyl sulfoxide (DMS0) &aldiflumsvhnzavmsadamneduiasniiy
vehicle control aﬂﬁ'amnjm ultrastructure YoaaRUANIon lasaz Ty glycogen granules W0
12% ethanol FanuAUFUFIRY ethanol Tu'lnfunz 1945 vehicle control Tazsadha waddu
sﬂﬁ'auuﬂm 1 storage lipid droplet, endoplasmic reticulum (5898 3RAUNA 1ag chromatin 11
nucleus A UUUANUNA

ayf I8 mdananguenuing Zinfandet fimizignluhfuuminedumaTuladgsus

a . c{ﬂ P A w9 Y & o A
HORT19 phenolics Vil uﬂsﬂwmmzmesmmswﬂwum i'iﬁﬂ'}ﬂﬁ'ﬁﬂﬁﬂ%ﬂ"]ﬁuﬂﬂﬂﬁ$£ifﬂ'ﬁﬂﬂ
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Effects of Red Grape Products on Cytetoxicity and Cell Proliferation

6.1 8110

msﬂﬁzﬂauiuaéu'lé’%’ummau%mnﬁmﬁmmﬂﬁﬁsﬂwﬁ@iaqmmw Aaweduuaadl
aailszneuAuean (phenolics) 151mige f-éﬁdLﬂuﬁﬁﬁﬁﬂmﬁuﬁmumiﬁmfd reactive oxygen
species fifinnneendindu (oxidation) wazviats Aeuie (DNA) Talsiu (protein) uag vy
(lipid) Tuwaduaudioe’ld (Fulda and Debatin, 2006; Potter, 1997) @13152nauAusdn L
;g'g{_ﬁffﬁ’ﬂmaaéuwn'jﬁmsﬁ}ﬁ’mﬁa 13817051M988 (resveratrol) Ternnsoaamsiliouwadld
f.;f'_fzﬂumat‘{éau (neoplastic) anmsies Ay In FnirliAanmsaouuuezwon Inde (apoptosis)
PunlAeugingiaad (cell eycle) unz sunumsdsdayanunisluradveusaduzis $2uan
?}'%e%-jﬁﬁﬂﬁﬂfﬂjmﬂﬁﬁ'mmmam:n%‘aﬁgﬂ%ﬁﬂﬂﬂﬁ"}ifiauszz‘a1uf?’m'imaaq (Katsuzaki et al.,
2003, Clement et al., 1998; Potter, 1997; Brownson et al., 2002; Dong, 2000) a1stsznoviuais
;_:?i'.:f’fﬁﬁ’é)\juLlﬂ'ﬂ»‘lﬂﬁﬁjuﬁﬁﬁiﬂﬁmﬁ (cytotoxicity) A AU RN INTeuTa gz g (cell
:?;':_"proliferation) (Davila, 1998; Soils et al., 1993) a~§'uLmﬁaL{luﬁﬁa“l%’wﬁm"hﬁuazum‘i’ﬂmﬁmi‘]u
fﬁ'uﬂﬂcgaﬁwﬁwzﬁammﬁﬂmﬂummisﬁ?w?amﬁﬂﬁw

miaﬁ’mmmﬂmmaéu (grapr pomace extract, GPE) u’dﬂ’sﬁrﬂéu (grape wine, GWI) 4
;mﬁ%’auﬁamﬁwmmmﬁuﬁmﬁmﬁuﬁﬁmﬁfmm sauds ndumsinduauves
waauess Infuaznn (Wienwauaziie) sduunscuiugds e (shiraz) Sarlgnluvhisum
nordoma TuTabgsunieldsuanuaulnhndneieafumsdestuuzis Tavldinm
onivesssataneunneduiunuiuideadUnduazgninomsiiuinouatuss
- vinmy madmowuf lusToun (myeloma; PIX63Ag8.653) aaiuusiauradidadonvivia

= £

- wingfifuiuiudunuumsnaaes

6.2 TagilszaeA

i = = o o »

m“aﬁﬂmquaa'l'm (GWI) LasdIaAAVEILIINNINDYHU (grape pomace extract, GPE)
v da < o & L4 - . 2 e : :
TMWAHUGBI Y mummﬁ‘]uwyﬂmmaa(cytotoxlcny) HATADNITINNYTIUIU (cell proliferation)

o a  d + o
ﬁJ’t}&L%ﬁaﬁ’lﬂwu‘q/Lﬂmanzl‘N
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o ey
6.3 gilnsamazIsms

~t &M
6.3.1 EINHUAZIAIOIND

I-glutamine fetal bovine serum (FBS) penicillin-streptomycin 10000IU tiaz IS RPN
1640 (ﬂ‘i:‘,ﬂeuﬁ”}ﬁ I-glutamine 13idl sodium bicarbonate) 50 0.4% trypan blue é@i]‘lﬂiﬁ
Gibceo, Invitrogen, Carlsbad, CA, USA ‘1::"1 ultrapure Tamnnmsnied mum?m Milli-Q S?_S:t_
Millipore Corp., Temecula, CA, USA Dimethyl sulfoxide {ODMSO) §6N1%1ﬂ Riedel—déHa
Scelze, Germany 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide (MTT) resvér_a
(3,5,4'—trans-trihydroxystibene) LAY sodium bicarbonate c’iﬁammn Sigma Aldrich Chemical.s','"l'rié

u,: =y o o o ¥ o
St Louis, MO, UsA smiinavualdinsalinsizviazinsadininfoayad

6.3.2 ﬂ]i!ﬂﬁﬂ%uﬁﬁﬁﬂﬂ‘}‘iﬂlﬂﬂ"lﬂﬂﬂulm 1’314

Lwﬂmﬂaéuammammwﬂnm 4-10 °C Llﬁzﬁﬁﬂﬁﬁﬂ 70% ethanol (Universal Extrac

L ar

Buchi Labortechnic AG, Flawil, Switzerland) seimoasadaninojuuas’nd Buchi R:
evaporator, Buchi Labortechnic AG, Flawil, Switzerland) ﬁ?ilﬁﬁﬁ’}ﬂ lyophilizer (Labconco Corp
Kansas City, USA) uaziiumisadauiavesmnodu (mualdiilu GPE) uazvealn
(ﬁmu@ﬂﬁﬁlu GWI) ﬁqmﬁgﬁ -80 °C @150z WNIRTTIULIALIDINION (resveratrol - RES)

wiouly 0.01% va) DMso dauInlifusdasavesrhinuminondomaluTabgsus

6.3.3 Msiauvadmaug

[zl vaeWn3 myeloma (P3X63Ag8.653, ATCC-CRL 1580) vosvynd BALB?E
(lmuaumsumm National Center for Genetic Engineering and Biotechnology (BIOTEC)
National Science and Technology Development Agency (NSTDA)) mamfaﬂﬂuﬁ 1InzoY RPM]
1640, 10% heat-inactivated FBS, 1% L-glutamine, i8¢ 1% penicillin-streptomycin 10000 U/m__l_

5x10°/ml Uuf 37 °C, 5% CO, ATIMIT0AFINYBUTARAIUT trypan blue

6.3.4 amndudiy (Cytotoxicity) 1ae Brine shrimp lethal assay (BSLA)
BGE wﬁ'qm%‘mmaﬂuﬁyﬁamaﬁé’aﬁﬁ Brine Shrimp Lethal Assay (BSLA) (Parra, et al.;iﬁf-:
= o =t 1 A W ' 1w 9 .
2001) Taewm3outimeiaion (3.8% Nacl) undsegamuiiu 2 gosluivhiu msdedes (brine.
- 381 E =1 t dy § W o dy '
shrimp) Taolalauds (cysts) Tuvoudn Tageafiifofuuadronseannd1 (Ro3 brine shrimp i
o @ a4 N o "o e w1 -
25 °C dagunns 24 2114 EERGLIT nauplii t'fm"lﬁwmﬂmgmaﬂmﬁmaau nauplii DBAUINN

fwg T (Figure 6.1)



91

:Figure 6.1 The two-chamber containner with a perforate divider. The smaller compartment was for

brine shrimp egg hatching. The larger compartment was for the nauplii, migrated toward the light.

' , & o a : w
91080 10 nauptii Tdlunguues 24-well plate F10559 4 mlimziaifion ldaisadanin
| p <
By (GPE), Il (GWD) uaz saesmsea (RES) FeazaioTu 0.01% DMSO A 10 - 1000 ug/ml
¥ . x
(0096 HaziUT 14N naupli M8 H 6, 12, ay 24 93183 AIUIUN % corrected mortality AE

‘Abbot’s formula

Observed treatment mortality-Control mortality
% Corrected mortality = x 100

100- Control mortality

6.3.5 MMM SRS IMTAE (Cel proliferation) 1n MTT assay

iﬂﬁzﬁ’ﬂmﬁ'n%"‘lmwmwaﬁﬁwﬁuﬁ: myeloma (P3X63Ag8.653) A20795 MTT assay
(McAtee and Davis, 1994) n339n1311 3018004 tetrazolium bromide 91nFmAnuTud2 vos
formazan Taor§nTervouonland succinate dehydrogenase T lulanowaSoveauradiain
(Hansen, Nielsen and Berg, 1989) iﬁyﬂﬂ 5 x10° 1¥aa/100 pl/Mau (96-well plates) ANAIANe
GPE / GWI /resveratrol innudiudusening 10-1000 pgmt  vudlunan 6, 12 uaz 24 $3lus
fi 37, 5%CO, W@NEIIaLe18 50 pl MTT (Smg/mi 14 phosphate-buffer saline, pH 7.4) iaz i
A8dn 4 42109 @AT1301M1300N LALIAY 100 xl DMSO WEL1 ) IUAZABY formazan BEA
wua JAATANNU1IAAN 570 nm MimsganAuuasfisnnwaasiinasaswadiaie 14

¥
RPMI-1640 UA2 resveratrol (1Ue5AIAY NARDI 3 41 AIUIUNIAT half maximal inhibitory



92

) [ A o3 L3 ¥ - 3/ =5
concentration {IC,)) NMATTAANAULTILDSANNVUTUYOINIDIN (Usunutosngave

[ + a 1 24 4
fradafiaasimsgantiuiad 18 50%)

g
6.3.6 M5 IASITHNTOR

“ ¢ ¥ - '
MITRTzHANULANAIRI87T ANOVA tazilToufiounuuana 13 1t Duncan’s N

Multiply Range Test (DMRT) Arnsu1vziiiu p < 0,05
6.4 HANSNAABUAZIITOINE

6.4.1 Cytotoxic effect

anuuRudbirad (cytotoxicity) veamsasianinodu (GPE), 1 (GWI) ua 13y
1399 (RES) A1 brine shrimp 1J30u1HsU cytotoxicity Boaszdu 18891 GPE < GWI < RES a0t
Thivdrag wazausunnuudunaznatii 14uas (dose and time dependent) (Table 6.1).
w1 RES Fufluansuianiuansiivgendi GPE win Fuiluaisafane (crde extrac
anuiilufnfivi1 19 brine shrimp @16 50% %30 lethal concentration 50% (LC,) YoaRI0t
a1 7915104 11 Table 6.2 “

aruiluinnemadues GPE i L, soudiagadeal¥arsfie 513 ugml Tein1d b
shrimp 710 50% 7 6 $2Tus uazarmiluRudemwadues RES fis LC,, fiiiga uaaed Gp
asafaoniianuiiufivioond REs Tadealdmsaialulfsnnnduansmanudii
aoing Tuvme GWI Afasdsfudoonh uaasanuiufivinnnil GPE uaz GWI uaasi

Aouthansiinga 12 $2Tus fle LC, 531919 12 ug/ml (12 34 -10 ug/ml (24 ww)  du RES iy

uSani Ysinanfisudoesfeunsouansiiudemad 14 luszAumhiu uasild brine shrim
movund 24 $aTue ognelsim anuilufiueraduesas st 3 w‘éumﬂ%’iyum
namsdana wazh 24 $3Tus arudluRvues GPE AN 18 1 uag 13 1 7 12 %"J'Iﬂ§?
iz 24 $2lwenmddy  uay GPE 7t 24 S Tuslanuiufivdemadidesni gwi ﬂs:mm?

1
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...%) of Atremia safina was abotained by BSLA.

;:i:'_Table 6.1 The cytotoxic effects of grape pomace extract, grape wine and resveratrol. The mortality

Time

Conc. % Mortality
) {Ltg/ml)  Control Grape pomace Grape wine Resveratrol
| extract
6 0 Oa
10 3341 082a 11.67£098bc  61.67+0.89f
50 8.34 +1.21 ab 283310754 6667 1.21f;
100 101 1.10 be 43.33+t082¢ 76.67%151h
200 20 1.10d 551k 055¢ 998+ 0.75i
500 31671 1.03d 701+ 0.89¢ 100 i
1000 4667 137¢ 783310750 100
120 7271098
| 10 8341 1.38a 51.09£055¢ 7637X0.75¢
50 1272k 1.26 a 67391 0.63d 8728+ 0.75¢
100 2545+ 1.600 7645F 075¢ 9455% 055¢
200 3636 133bc  9457E055g 100k
500 4000+ 1.05¢ 9638 £0.52g 100h
1000 81.24 £ 075 ¢ 98.18 + 0.41 gh 100h
24 0 FEas 0 78
10 3834+ 1.05a  51.351089ab 100g
50 59.81F 0.55bc 59461 084bc 100g
100 81.24 £ 0.75d 86491+ 0.75de 100 g
200 89.28 - 0.52¢ 100 g 100 g
500 91.96 £ 0.55f 100 g 100 g
1000 97.32 1041 f 100g 100 g

The corrected mortality (%) presented in this table was calculated by the Abbott’s formula. Data

was not estimated (n.a.). All values statistically different (mean = SD, n = 6, p < 0.05, alphabets: a-

i
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Table 6.2 The comparison of LC,, values of cytotoxicity of among grape pomace extract, :

grape wine and resverarol on brine shrimp at 6, 12 and 24 hours (p < 0.05).

LC,, (ug/ml)
6H I2H 24 H
Grape pomace extract 512.86 371.53 28.18
Grape wine 158.49 12.30 10.23
Resveratrol 2.40 141 n.a.

6.4.2 Cell proliferation effect

= ar ] < ar b
anufiuivuesensafia GPE 4ag GWI Aoisan mouse myeloma (o e uWuR/uzidy

< = o = ot e A P! :
LNﬂLaﬂﬂ%T}) Qlﬂi'IS‘Hi]'lﬂﬂ‘Bﬂﬁ'iilﬂ’!‘iLW"IHﬂ’iiEilﬂﬁL“ﬁﬁﬁﬂN‘b"]ﬁﬁ'm'!iﬂlﬂ'ﬂﬂusﬂﬂqi‘f"l'iﬁl?‘ia

o

” P : b1 o o \ & sh:; d
tetrazolium salt fazateluin Wufu19994 formazan 71 liazas Fad lann1uead
570 nm (Hansen, Nielsen and Berg, 1989) GPE, GWI itoe RES fanududusening 10—10__
pg/ml YufnadeneiuiuzS winfenu1s myeloma 111381 6 — 24§31 71 37 °C uaanm
I 1 g A ¥ = a e o' ar r.g s 9 5

WufvdoaansonomsnTpRudaurad ludnuasiuduarududu (dose-dependent
2 o , . . K

fashion)} Y9I 17 HOY Fudunarlunsyy (time-dependent fashion) (Table 6.3 1% Figure 6.2} W
T [ A o o o v G ar cﬂ’ .

anuuduats 1000 gml Yugadtumsh 6 1 1ue 1988 myeloma 103gy 1 uddudatl 39
#mfy GPE (2.5 mieend lilieans), 23% &Sy GWI (4.3 (1) uag 5% 115U RES (20 iM1)
Uuaatiuash 12 49 1us myeloma 1035y 19w 15% G1MTL GPE (5 W7), 8% dmiy GwWI (12

1911) tag 0% 115U RES uag vuiradiumsf 24 1138 a8 myeloma 3ay Tay 10% dmsy

GPE (9.5 t111), 4% @151 GWI (24 1917) uaz 0% d1M53 RES
g wawr o 9 @ a1 ¢ 4 & ;
?;Eﬂuulﬂ?'l Wﬂ'}']llﬁiu‘ﬁﬂqq L{Iuﬂ'ﬁiﬁﬂ'ﬁﬁ@ﬂ‘b’?ﬂmﬂﬁ&“ﬁaaﬂxﬁﬂuﬂlﬁBﬂﬂl’l?ﬁ’]ﬁ\i H’ﬂf&_-?

‘ o a 7 s & b w B o qa om o
ﬂ'}iliﬁizﬂgﬂrnﬂ11‘ﬂ IHRARTORATIAUDUAITBE) HUAD E?Jﬂlﬂﬁﬁ’iji‘ﬂﬂ‘” antiprohferatlon act:vxty;"
a o o P4 w o 5 ) a S

GPE tiny GWI SignBifluiureisad (cytotoxicity) #10WUE myeloma lddudonsiayia
5 o 5 . . v g a 4
TLIUYIEH AT (antlprollferatlon) 'ﬁ"}f}wuguEBTNTLELWﬂﬁaﬂaﬁﬂ’iNﬂ?’iuﬁsfﬂJ%uﬂJ@Q GPE, GWI,’E;

or 9

oz RES Miindued1eiitodfny (p<0.05)  antiproliferation activity YDIA1TABNITOTYVOE

L

myeloma cells (3098190 18d38] RES > GWI > GPE
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.::i)roliferaction activities of a mouse myeloma cell line by MTT assay

resveratrol on: cell

Time  Conc. % Cell Proliferation

(H) {ug/ml) Untreated/ Grape pomace Grape wine Resveratrol

Control extract

6 0 99.92+ 1254

| 10 9825+ 123a  95361230ab 9286 1.56b
50 80.12+1.20¢ 7555 126cd 4638 %2356
100 71.54 £ 2,254 63.87 1 1.54d 28551+ 242f
200 5568+ 2.63¢ 4720%235¢  19.50 £ 2.66 gh
500 4526t 1.86 ¢ 3046t 241f 11121+ 123gh
1000 3878 - 1.55ef  22561220g 5441+ 145¢

12 0 96.32 X 1.54a
10 89.56 T123ab  83.14E235b  63.24 7 1.54 cde
50 7432 % 1.45¢ 65321228 cd 3444 T 268¢
100 6325+t 222cde  5856+247e¢ 1957266 gh
200 31451223 f 2330 1.85g 16.571t1.54h
500 2048 +225¢ 14251 1.54 hij  9.8971.23 jk
1000 1488+ 154hi 811%126jk NDk
24 0 94.56 1 1.28a

10 8046 T241ab 7216k 238b 42.55+2844d
50 66.87+1.58b  57.84t247¢ 1248%125e
100 5432+t 145¢  4023%2584 5781+198h
200 2046 T 232e 1520 T 1.54 ef  2.33E1.05 hi
500 1433 £221ef  1065F134g NDi
1060 956 L1.66¢ 3861 1.68h  NDi

All values statistically different (mean + SD, n= 6, p < 0.05, alphabets: a-k).

ND, non detectable
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Figure 6.2 Antiproliferation effects of grape pomace extract,

}._Lg/ml) on mouse myeloma cell line at 6, 12, and 24 hours. Control cells were maintained in th'e_'?

vehicle for the indicated time periods. Data represent mean =& SD (p < 0.05) of three independen'tf:.

experiments.
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1 Table 6.4 nfSouAvudnoniwvoigniae antiproliferation activity S¥NINHIIADI

suaasfiuiuaumivesdnonmiinnududu 100 ugmt Woududiudu 200 vg/mi nans

iy = o of v ¥ 9 ] o 9} o = 5 ]
SeumonTdmunmsanududunnn s dlmaansyissnn

'lf_é.ble 6.4 The efficacy of grape pomace extract, grape wine, and resveratrol on antiproliferation of

: yéloma cells was compared at the concentration at 100 ug/mi and 200 ug/ml.

Aﬁﬁproliferation Activity Antiproliferation Activity

neentration Fold Concentration Fold

6H 12H 24 H 200 ug/m} 6H 12H 24H
2.51 2.19 2.06 RES > GPE 1.82 1.22 1.23
1.98 1.94 1.58 RES > GWI 1.52 1.09 i.15
1.27 1.13 1.31 GWI > GPE 1.19 1.12 1.07

i o q’; Py ol & r
Medial inhibitory concentration (IC,} ﬂ’NM%M%Hﬁtf‘uti&ﬂ'l‘iﬁl'iig%ml“ﬁﬁﬁﬁ 50% Eﬁ?)'ﬂ‘u

L g ar T o S ot
ﬁﬁaﬂ‘umium 6, 12,1183 24 "lf'ﬂi.l\? WU GWI s neueinIsiRsyua-uyaan ICSO AU

3. 1 ¥ P o t
Hututeondt GPE  dau IC,, vo3 RES FuTumsniuguidarmdududesiige a1 1c,, ves

S = 2 o c:’
. GPE, GWI oz RES if3outiivulu Table 6.5 14¢id]

Table 6.5 The comparison of IC,, values of anti-proliferation of myeloma cells by grape

pomace extract, grape wine and resverarol at 6, 12 and 24 hours (p < 0.05).

IC,, (ug/ml)
6 H 12H 24 H
Grape pomace extract 371.54 131.83 75.86
Grape Wine 199.53 81.28 43.65
Resveratrol 63.10 21.38 6.03

dy o o ' = ' . . &
nansnaasituaasiiifudanudl GPE uaz GWI Hanuilufinae brine shrimp Bal4
w oo ar o = Y T oy ] o =y o o ar o
Wudaddumudadlnadeondt anuiufivdenisniudn InveuraduziSamoiug
= ' [ r; o it o
myeloma (Table 6.2 1A% Table 6.4) UDZWHADIHAD myeloma WINTUAIWOTITAD LA U1

L)

3 A g oA LY o [ =§ [ = %
BUNUNIMAY HAWBYDI GPE HTA20NHOUATI RES %QLﬂuﬁﬁﬁﬂﬂUifiﬂﬁ
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al T 5 4 o '..;
AndngIunsAne) 52191815 phenolic  compounds  Julauazarsadaineg

ANYEINTe andIue IR R AR T AT eIy N INMUEIERIT (Yoshida et al, 1
Bianchini and Vainio, 2003; Haider et al., 2003; Alkhalaf, 2007; Dechsupa et al., 20
84AU5¥NOUAIT phenolic compounds nazg}mﬁuﬁfﬁﬁmmiLﬁﬂaaﬂ%m%'u“lummﬁ’ﬂ‘a'\j‘u
LN U T HaReMI B UM NS M UTABIEE WANA 4R U (Mertens-Talcott, Percival
Talcott, 2008) 3 idmonndostumsdsolt na:miﬁﬂy11,:‘3"81,%"3?;1’?;1«1}’51@115 proanthocyanidiﬁ*
A15afAARDIW (grape seed extract, GSE) ﬁqw%’{ﬁuf}’amsaa?mawaﬁnm%qﬁﬂf’f"lmj (Ca
cells) (Engelbrecht et al., 2007) Lmsé'fug@m&m’%’mﬂﬁﬁu:ﬁ‘@d@ugnmm (prostate cancer (';.eli
(Jo, Mejia and Lila, 2006) proanthocyanidin 8% catechin G].‘L!mﬂ"ih}"h! 1] uazmda ﬂizﬂﬂﬁg:
condensed tannin monomer 43U uBoOUTBUNAR (ferric) Lﬁaé’ué"qmsaﬁﬂawaﬁmﬂﬂtﬁﬂi
Lﬂ?;ﬂwmmﬂiam (transition metal-catalyzed free radical formation) (Rice-Evans, Miller,
Paganga, 1997, Khokhar and Owusu-Apenten, 2003) Lﬁ'aw1ﬂmam‘uQums%ﬂc?umﬁmﬂu%ﬁ

1 SAota o o A caa A A 9 1aaq = o o g :
Aot TInveaasuyuiuarfaliiindu g luniimeadszinolumsdueen (Andrew

cidw

1999) ung free iron i catalyzer W Hrnunnld oxygen free radicals (Fujita et al., 2007) fe i
ions TunszumBenagn3nadiny superoxide wazHanaaT 1AAD ferrous wz},ﬂaaﬂm‘lmaﬂﬂ
1t peroxide 18151y ferric ion ay hydroxyl radical céﬁa"lﬂmma%ﬂnmqmmﬂimjnﬂi
(Weinberg, 1999) antioxidants Fifiuiulnsas tannin Semutlulss Tomiroquaiwunsuyud
(Khokhar and Owusu-Apenten, 2003).

3 o ' & n::I
Resveratrol 11ua15lungu stilbene uagwululnl wdenvewnanu uazlueudis

NuITeguaniianies1ine1vee RES ffinarnnaty saufl mimumsmsmmﬂma{
waduzite nstlestunaoaideaals msdumaiinoondiady uns ﬂ'ﬁU‘lJUQﬂTi%ﬂ’l mﬂu:
youndaden saude aarauiiAlun1sfun ISy (Padilla et al., 2005) yeANINg aaqum
71 RES m‘lmmaawq@ cell cycle arrest cms%amﬂmamm (Bhat, Kosmeder, and Pezzuto, 2001_)
Tumsnaaeaii 1814 RES 1y positive control tpul3suifiougninums GPE wag GWI F‘rm’j
uifuafu RES, GPE uaz GWI Fuilundananineduvesrhiy une mmmﬂ‘uuammm
wadmsindnmradaeiui/auzs diadenv1a myeoma 1aifluedied mummﬂuman
@13 RES Elumamwaagummmuumn%ﬂs'im;m DNA polymerase {IG& U‘UUQfﬂ?fNLﬂ‘i'iS'ﬁ
deoxyribonucleotide HIUNISI0 scavenge U043 B}3D tyrosine YD ribonucleotide reductase i
mﬂiwaﬂmmmwaa (Bhat, Kosmeder and Pezzuto, 2001)

HONINGI3 phenolics 1uwnmwamu WM 4) p1auARIER NIRRT I

phenolics 14 Moy wanegu uaz i 7 AdanuduiuifunoiausA radical scavenging 1R
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ioactive compounds THSiasnadauaasiy  TumiundsIno (pharmacology) @1sUEARY
¥
wisuades ualumafiyIng (toxicology) esugasniyludSuimuin  msiseiiuaadlsd
d L] o 1 ] a 37 = o ar n’j P=] s =y o]
Austisdanud mnoguuas Tl hesamnsaldilundaduaiduimieflosiumsfanzii
-1 -8 9t oo 1 I3 o g ] YR [ A ]
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henolics INBLENE1S active compound A13¢] AlgNITVTsMITRS yaraduzis 1Al 19 lulSum
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liwn uay 15 18R ueauzFadug wasnahllfvdseglunusdadus iddvomisedy

o 4 o a =1 1 e 0 ' o
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Effect of Red Grape Products on Myeloma Cell Apoptosis

7.1

=3 A o o o
Apoptosis (programmed cell death) A UAUBIMIIATIINGINHMIAILYUITINUGNITL
4 4w L. o atoe o Lo v o
Lﬁaiﬁmaammmﬂ (commit suicide) ”lumﬁmsmmmmaa apoptoss (NAFUITSTUINHAUINT
ot A o ] o o @ o o A o o et et o
‘EIB\WYN’J?JHEW@%ﬁ?}ﬂﬁ?ﬁﬂlﬁﬁ@?ﬂ?ﬁ Llﬁﬁilﬂﬂiuﬂﬂﬂﬂ'}ﬂ L‘Wf]‘lfl']ﬁ'lﬂl“h"ﬁﬁ‘l’lﬁﬂﬂgﬁﬂiﬁgﬁﬂy'l
- Yo a P ¥ a o " "
homeostasis 1H31UIUEHAAAIN iﬂﬂlﬂﬂﬁﬂﬂﬁixﬁ’J“Iﬂﬂ‘l‘il‘riiii}1u3u (cell proliferation) H6is AT
a - v e a4 a = ar 1 1
A ususan (cell death) apoptosis %Qnﬂ'Q'Iuﬁ'lﬂfyﬂ'lﬂ‘]ﬁ?‘lflEI"ILﬂEl'JﬂU?g‘U‘UFI'}\3‘} ‘tl'ENi"Nﬂ'FUTH
a1zUnd laun development, differentiation, proliferation/homoeostasis, regulation, immune
¢ o' Y o ” ——
system uaznIIMIRraaRalnALazsade (harmful cells) (Lockshin and Williams, 1964)
o fol a . s o
ANBMEVOL apoptosis ABIFAANAR apoptosis Ix1FuMsTANSBNgasanINITAdTIURY
chromatin 14 nucleus AV é’ha"l'ﬂﬂcj%’mﬁa nuclear membrane 18% chromatin WIAH WY
og 1 4 o [
89U (fragments) o oA {plasma membrane) Llﬁtﬂl‘ﬂut}& (blebbing/budding) ﬁﬂﬁu
td
chromatin fragments 0% cytosol QIUHDIULTHINTIY “apoptotic bodies” (Hotz, Traganos and
] . b4
Darzynkiewicz, 1992) uaz1uiga apoptotic bodies 33gnfit 1AY macrophages (o 1§ANIBEN
g A 1t : L= oM
Minleitio las laifionisuay (inflammatory response) N1IABUY  apoptosis e limfouns
-] 2 & . om W Yo
MBLDY necrosis FUTUNTAIVVOUFAADALVLNIT  necrosis (AANNFAZ IEFUMITUNIY
. a 8f A'i & =t & 3 ] ] o
{insult) ﬂ'}iﬁlﬂﬂl“}fﬂﬂﬁﬁﬂﬁ']ﬂ FERaY U uaummsmwwsanﬂaaﬂﬂmﬂizﬂaumﬂiumaﬂ
1 o W 4 'i.j ¥ o = ' ¢ A 4 a
?}Bﬂil'¥qa~3li'3ﬂﬁ@ﬂ£°ﬁﬁﬁ L uﬂﬁtl'ﬂEﬂﬂﬂ?'l'l“ﬁﬂﬁ'!ﬂﬂﬂ&“h’ﬁﬁiﬂ’ﬂ“} UAZIUBEBINANTITU Y
(inflammatory response) (Leist and Jaattela, 2001)
ot aa oo e, =4 5 4
na Inszay Tuanavos 3 dynnves apoptosis: Whnlgaso Tuanauazduaiiluwed
¥
TavnnIzMsnIzAUYDY proteolytic enzymes ot IUsAuTuwIznausiin ashailuduneu o
1uﬁqfﬂﬁﬂﬁlﬁﬂﬂ'ﬁﬁﬂ DNA somilu oligonucleosome fragments (L8 #1119 mitochondria
iHove F0dyRI0v03 apoptosis 11U TuanahsuAavyeulun1sFniii Gnduction) waz 113
2 3 'd ar o o o A R
UsenI5 (execution) Twadee TasTmenadygmimihiinerfy  initiation, mediation,
execution B2 regulation PITAWIUL apoptosis LIUAISHAAIUNLIMIzHIeiledoduasy

€§ ' L] =1 ' =] il
{(promote) AL NA (suppress) mﬂ'amgm‘ﬂum%'amaatmamasﬂa‘au‘iumsﬂﬂﬁmfzm%;mlmax
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¥

o o » ¢ ¢ A8 o
\¥AE (Ishizaki et al., 1995; Weil et al,, 1996) m3tfasunlasgssvoumaniyu wi‘!uwa

L‘L’éﬂug 1319984 cytoplasm Liag organelles (Saraste and Pulkki, 2000)  apoptosis §0f)3 zs%’};';
FaldTaelaSonarwsianannnoiuiazniouensad Wy dayas (signab %’uﬁ’uﬁj
(receptor) HANwad DNA idemofiveulild Tdfuasiy 1asused ﬁiymﬁmﬁﬁ\%%mmﬂ
Faaabilduuxad M WAIM I YDUHAS (Gosslau and Chen, 2004) 11 ud apoptosié.'!.'ﬁ"
14 2 39 A9 (1) extrinsic apoptosis pathway Lﬁmmmmavﬁummﬂﬁameuaﬂizﬁwﬁﬁ’ﬁuﬁﬁ
wad 1ag (2) intrinsic apoptosis pathway Lﬁﬂmﬂf?'fgigmﬁcﬁuc%'aumsflumxaﬁumﬁmﬂﬂ;a
L‘?;m%'mﬁ'amumﬂ (Denault and Salvesen, 2002} ﬁ‘lﬂﬁ&ﬁf}ﬂﬂﬂgﬂﬁ'lq YD apoptosis éaﬁ‘ﬂ
Inhibitors 1482 executioners A8 caspases 55’ afluddeves cysteine-dependent gspartate-s;)e_.p
prateases ‘ﬁﬁ catalytic activity ?Tu AU critical cysteine-residue molu active-site pentapeptic
QACRG taztouTis@u o1 @1uirtianas aspartate residues ﬁ'ﬂi&gﬂagﬂﬁuﬂuu 1 caspase fami
14 9%11a (Denault and Salvesen, 2002; Richardson and Kumar, 2002) caspase Gl,m‘-‘b'af{gﬂﬁ'&l.ﬂij‘
114‘;. 1) inactive zymogens Sun procaspases il”lﬂ&u%\igﬂ processed 13114 heterotetramer vad
small subunit (48 2 large subunit proapoptotic caspases uibaiiu (1) ﬂfjn initiator caspases LI.?}'L
procaspases-2, -8, -0 Lo -10, uaz (2) ﬂfju executioner caspases 18un procaspases-3, -0, Lm.

unséifidryaobiusamelifia execution Tiradme dygnadognunvlng (amplified)
TRur1UN9 mitochondria-dependent aﬁoptotic pathway Sﬂuaﬁl‘iauﬁiﬂizﬂ’iw caspase signa_li_'
fi1 Bid éﬂk‘ﬂui‘ﬂ‘i auﬁi‘fﬂu Bel-2  family 970 mitochondira iflunal¥ mitochondria ‘lJﬂl
cytochrome ¢ L% proapoptotic factors ﬁ'uiﬂgh’g: cytosol (Luo et al., 1998} ‘il"lﬂ'tfu cytochrome ¢ 9

il Apaf-1 wd llns :ﬁ?ju initiator procaspase-9 (Acehan et al.,, 2002 ) Lﬁﬂﬂﬁﬁ?mémﬁﬂwﬁ"ﬁ'

effectror caspase-3, caspase-7 WBE caspase-6 xﬂuwaiﬁL%aﬁﬁduiuﬁq # (Slee et al., 1999}

5 s [l
wohnalnmstudinszuiumsiiailesensuifordesfumaniuguinnsadyasl

@

a Qo ¥ s ;:; ar -

WD UTRE (signal transduction pathway) W1 hilgmsuSunldeumsuansesnvosriugnysu (gene
v o p

expression) HRTHYAININTVYDILDD UTON1TAY (apoptosis) {(Mita, Mita and Tolcher, 2006) 113
- o A san d A 9w Jc;.:t;

AIBUYY apoptosis duiluztuuumsmeveusaainylumiiFiavaoaad iednawaan)
i i
ASTUIUMITNIIE TS INO MR RITAIWAAAUNA (Aggarwal and Shishodi, 2006) AT
o o 8 o , A o a; ¥ oo =3 A A
arwmanInlumsdnir e apoptesis Judluddudisrduitwminsanysedninimee!

2 or P = 4 o
ased lumstlesny (chemopreventive agents) N3 Aafioeon/ugi5e (Sun et al., 2002)
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7.2 Jagqissaan

¥ &
TunsIeilimeilsaiugnivesasasaninodu (grape pomace extract — GPE) uaz'lal
P, . ' ¢ v d s d
84U (grape wine — GWI) mm'smﬂmmwaaawwuqmzmwaammﬁaﬁmwmﬂu {myeloma)
£ w I o @ a ' =
ﬁ’mmsmmmgﬂﬁwmaamw MSHANNNYOY DNA/chromosomes G2 A T12HATI9WT 1 5AU

ysrilauneateslunszuIums apoptosis
d ]
7.3 ginsaluaziEms

731 muniliezniesie

RPMI-1640, fetal bovine serum (FBS), L-glutamin, 10000 U penicillin-streptomycin LA
0.4% trypan blue “??E!M'I 910 Gibeo, Invitrogen Corp., Carlsbad, CA, USA., bovine serum albumin
(BSA), sodium dodecyl sulphate (SDS), ethylenediaminetetra-acetic acid (EDTA) U@ Tris
{hydroxymethyl) methylammonium chloride “‘ffr@mﬂ BHD Chemicals Ltd., Poole, England, protein
dye reagent é\‘lmﬂ BIO-RAD, CA, USA,, acrylamide, ribonuclease A (RNase A), Proteinase K,
sodium  deoxycholate  (DOC),  phenylmethanesulfonyl  flueride  (PMSF), nonyl
phenoxylpolyethoxylethanol (NP-40), Hoechst 33258 (bisBenzimide H33258 trihydrochloride),
protein molecular standards 14812 sodium acetate c‘lii'f'élﬁ]'lf‘l Sigma Aldrich Chemicals, Inc., St. Louis,
MO, USA,, DNA ladder n']ﬂifﬁl"inﬂ Biolabs Inc., New England, USA. #7U Anti-mouse caspase-3,
caspase-8, p53, LiAg Bel2 monoclonal antibodies 1% conjugated-HRP antibody gﬁ}i}‘lﬂ Santa Cruz
Biotechnology, Inc., CA, USA., tetramethylbenzidine (TMB) %fmm Amersham Biosciences,
Buckinghamshire, UK., chloroform 2% formaldehyde GéJ'E)‘J'!ﬂ Carle Erba Reagent, MI, Haly.

boric acid 919 Fisher Scientific, Pittsburgh, PA, USA,

7.3.2 Malaoarsad

Mouse myeloma (P3X63Ag8.653, ATCC-CRL 1580) 5x10° cells/ml a’é‘yuﬂumms 10 mi
RPMI-1640 (631828 1% L-glutamine, 10% heat-inactivated FBS 1101¥ 1% penicillin-streptomycin
10000 U/mi (Penicillin G sodium 10" pg/ml streptomycin sulfate in 0.85% saline) smzﬁnﬁ 37 °C,

’ 3
5% €O, wWaguomiann 2 Tu 1ABeIuDd log phase

7.3.3 Apoptotic cell morpholegy
5 1 1
(983 myeloma 10° cells/well, 24 well plates, 11 RPMI-1640, 24 $21ua # 37 °C, 5% 0, 1d

aM3azmeves anan1nedu (GPE) 1911 (GWI) uag resveratrol (RES) 1 control) annandiudu
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10, 50, 100, 200, 500 1A% 1000 pg/ml Suwadi 6, 12, uaz 24 F2Tuede 2 afada PBS;p
a3aad (fixed) 19R3331820 500 pl 10% formaldehyde WU 5-10 W1W A19R70 PBS way
5y 0.2 ug/ml Hoechst 33258 11y 5-10 Wil Anu131s1au0umad (cell morpho
7101# fluorescence microscope (Schmid and Sakamoto, 2001) UUI U apoptoti

AUIUNT A LC,,

7.3.4 DNA fragmentation

B0 10° cells/well, 24-well plate 11 RPMI-1640, 24 4213 71 37 °C, 5%Co0, ldasa
184 GPE, GWI Ly RES I.‘?J‘L! control m}m%’m”m 10, 50, 100, 200, 500 8 1000 pg/ml 'U__?J'L'
N 6, 12 uaz 24 ¥ Tug Hurad 419470 PBS, pH 7.4 Wl radiuan a1o lysis buffer, p
cﬁ&ﬂsxﬂauﬁw 0.5% SDS, 25 mM Tris-HCl, 0.5% mg/ml proteinase Uag 5 mM EDTA ‘ﬁSS
138l ‘fi"ﬂm 1100 lysate protein Ay phenol-chloroform-isoamyl acetate (25:24:1) mﬂﬁ,:%m"
DNA ﬁ‘]ﬂ IM sodium acetate (pH 5.2) A% absolute ethanol i;g{N DNA, ﬁﬂﬁuﬁQ ué"sazﬁ
Tris-EDTA (TE) buffer éaﬂisﬂauﬁ'w 100 pg/ml Ribonuclease A ﬁ 37 °C, 30 U ﬁ;EIIS_-
DNA Sns1evaI electrophoresis Tu 1.5% agarose gel, oA ethidium bromide, ﬂ‘i‘]%ﬁ

DNA ladder 181e9 UV (Lee et al., 2006)

7.3.5 SDS-polyacrylamide gel electrophoresis (a2 Western blotting

1909 myeloma 10° celis/mi 134 24-well plate 137 °C, 5% CO,u 24 ¥ lus Taesaze

GPE, GWI tag RES ¥ 10, 100 uag 1000 g/mi tmiiunen 3, 6,9, 12 uag 24 Falua i
nazdswadany phosphate-buffer saline (PBS} il”lmfui’t‘f 100 ml lysis buffer “Aﬁ\‘lﬂizﬂﬂu%’}ﬂ_;_
mM Tris-HCI (pH 7.4), 150 mM HC}, 1% NP-40, 0.5% DOC, 0.1%SDs5 uaz 1 mM PMSF iﬂﬂﬁ’.}ﬁ_if
40 W7 centrifuge 7 12 000 g 1H11201 20 WA 1D supematant Y84 lysate Tanaoalmi Ta
151111531 Tau Bradford protein assay (Bradford, 1976) iy lysate ‘17;—80 °C ﬁau%msa?ﬁ

@l

111 100 pg protein lysate 15 SDS-gel loading buffer ﬁ?ﬂﬁ‘i £NOUAIY 2.5 M Tris-base, 10%
SDS, 0.5% bromopheno! blue, 50% glycerol (1% 20% mercapthoethanol @15 U1H load m”lu
12% SDS-polyacrylamide gel usnduihnszuansef 100 volts 1fiuaan a5 il wﬁ'wq%i
SDS-PAGE R RLLAL: proteins LAY gel 11114 immobilon-P  membranes ﬁ?ﬁllﬂﬂa
(electrotransfer/electroblotting) ﬁ 70 volts, 4°C, 1.5 ‘]Jf’ﬂﬁﬂ £16) blotted membrane 980 1A bloc_k
d70 5% (w/v) ponfat milk 182 0.1% Tween-20 14 Tris buffered saline (TBST) 20 HT?I‘?'

a 3 T gt 3 % n ' =
YUNNUNOY UV blotted membrane A primary antibodies A® caspase-3, caspase-8, p53 #30 Bcl
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-4 - " < = =3
2 cn@ﬁf?u anti-mouse, monoclonal antibodies (1:1000 dilution) 1 %7119 wqqunﬁm é’w”l.u
CTBST 5 U9 3 A5 Hunod secondary antibody #® horseradish peroxidase-conjugated goat anti-

3 ] 3
_mouse Ab (HRP) (1:2000 dilution) 1 %319 figmuniifes @19878 TBST 5 U1 3 A4 detect
¥ 5 % ) ) =1 ar o P =]

- #70 tetramethylbenzidine  (TMB)  substrate 1U%048a 8180 WAYNANT M 16 actin 13w
' 4 .
. quantitative control marker Tng strip blotted membranc A8 buffer 3l 0.2 M glycine (pH 2.2),
- 150 mM NaCl uag 0.1% (v/v) Tween-20, 30 WA 50°C  1A7 block @78 5% {(w/v} nonfat dry
. milk U@ 0.1%Tween-20 11 Tris buffered saline (TBST) detect actin #78 anti-actin antibody 18

i horse radish peroxidase (HRP)

7.3.6 MIIATZHMADR
Y o« et "
ﬂ’i‘i‘]tﬂﬁwﬂ‘ffﬂgﬁ%’m?}“ﬁ ANOVA 1032 Duncan’s New Multiply Range Test (DMRT) A0

i p <005
7.4 ganmsnaneazIniseina

7.4.1 Apoptotic cell morphology
ar ] Cal & o o
#17A0ANINOgY (GPE) 11iodu (GWI) uaz resveratrol (RES) udasgniiildioad
& & o 4 d A . ) e
myeloma mrﬂumaaﬁwwuig/uzLidmmaamnﬂummmu apoptosis Eﬂﬁ']ﬂ‘ii@ﬂl"ﬁﬁﬁilﬁﬂ\?
& 3
ANHUSNITABLUVY apoptosis BY19FRLUU (Figure 7.1 - 7.3)  apoptosis JunuilSuinuasiai
1 s o = s s O o ' .
ldsuas Wannmsaswfeugdsusaains waduaasnisnuuiuyes Ias Tu T (chromatin
_ s o X g 2 . .
condensation) t¥aaLanl 0¥/ (blebbing) Loy awﬂmmemﬂuqamﬂq@ﬁaa (apoptotic bodies)
s { g n{: i ar ol 20 4 ar oo 1 [
nazgnsadunanisuliswnlaslddaud 145059 6 92 T ienSoufsuduwadn 10145y
: & o
w17 (F1gure 7.3, A) “ﬁﬁlﬂuﬂ"l‘i‘l’lﬂﬁ@@ﬂ')ﬂﬂij
=t ] d o2 1o r L) g o o
ﬂ?ﬁlﬂﬁﬂuktﬂﬁ{lgﬂ'i’]\‘i'il@\ﬂ!;"?fﬁﬁ MU 1?’1‘15?!!3)‘1—.1')'1 GPE, GWI 1Dy RES ‘Hﬂu’liﬁtﬂﬂk“ﬁﬁﬁﬂ’m
i a £1 e g . ::3’ o = ot o a
YU apoptosis 1141’!113’8%@5'31‘11&%11&’31& apoptotic celis ‘uum}ﬂsmmua:nmmmaa"ﬁmms
y 4 o
(dose- and time- dependent fashion) {Table 7.1 U@ Figure 7.4) Wiotan 195y GPE, GWI uneg
o . a ‘3 1 W o a 1 = L4
RES 97U7U apoptotic cells iWNN?ﬂMUﬂU?QﬁMEﬁﬁ?ﬂ% (p < 0.05) LAZWUIT HANITUATIZHAIT
3
ANUVDUYDE myeloma AAEN1ITUNATIN cell morphology HLARIHATTANADIRUNANTIATUNIT
= L4 . . . = 3 @ * = s w
RTINS XE T3] (antrprehferat:on) 1N'UVI‘V] 6 ﬂﬁ??ﬁaﬂﬁzﬁﬂﬁﬂaﬂ@ﬂ'l‘iﬂ}ﬂﬁlﬁ)@i“ﬁﬂﬁﬁﬂ@ﬁ']ﬂ‘U
ey T = s g 9 4 .oy
A9t RES > GWI > GPE (35U 905109815 resveratrol 8111350 Mlfnd apoptosis lagaga

) o, - = = g =
DU UING IS resveratrol 1Y active compound NATUIGTND Tuwmeh grape pomace extract Loe

. = a A £ . . 1 ' [ a
grape wine \IUEITENAMO NN A5BU9 (impurities) YzaJupguin ag13lsfau naszauanu
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- ; s . o5
L%M%uﬂlmﬁﬁﬁﬂﬂw SIULAZIRIULIEADNUE 13 grape pomace extract UBT grape wine W00y

apoptosis Youn resveratrol Ysguiar 1.2~ 1.6 1M

Figure 7.1 Apoptotic morphology of myeloma cells induced by grape pomace extracts (GPE) anc
stained with Heochst 33258: 10 Hg/ml-treated cells at 6 h (A, D and G); 100 Ug/ml-treated cells a
12 h (B, E and H); and 1000 Llg/ml-treated cells at 24 h (C, F, and I}. The arrows indicated the

apoptotic cells. Bar = 100 Lim.
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Figure 7.2 Apoptotic morphology of myeloma cell induced by grape wine (GWI) and stained with
Heochst 33258: 10 Ug/ml-treated cells at 6 h (A, D and G); 100 [lg/ml-treated cells at 12 h (B, E
and H): and 1000 Llg/ml-treated cells at 24 h (C, F, and I). The arrows indicated the apoptotic cells.
Bar = 100 Lim.
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unireated myeloma cells as control. The arrows indicated the apoptotic cells. Bar = 100 Llm. '



Table 7.1 The induction of myeloma cell ap-optosis by grape pomace extract, graew

resveratrol at various concentration and duration of incubation. The numbers of apopt'otic':' Ce_:l'ls"'\is_ré

detected and quantified by Hoechst 33258 staining after treatments.

Time Cenc. Apopftotic cells (%)

(H) (Lg/ml) Grape Pomace Extract Grape Wine Resveratrol

6 10 4391099 f 632133 f 86911292
50 10.11+ 063 a 1202t 1.27a 15.131 098 a
100 18231 1.09a 2188079 e 28.75£1.08d
200 2251+ 1.30€ 29.88 7 0.584 39.54 1 1.55d
500 29.05 £ 0.88d 35611 1.14d 49.11 1 1.38 be
1000 45.67 1 1.43 be 5412 1.23 be 68.23 1099 ¢

12 10 11.13+ 1.13a 18.44 £ 1.12 ab 21.87 +0.95 ab
50 20.76 £ 1.11 ab 28871099 f 4358+ 1.22cd
100 3221 +097¢ 4536 £ 0.96 cd 5098 £ 1.32 eg
200 49.55 £ 0.68 de 56.75 L 1.13 eg 67.54 1 1.47h
500 54231+ 1.20¢g 63.66 £ 1.42h 80.32 £ 0.87 j
1000 61.86 T 1.05h 78.06 £ 0.95] 96.12 £ 0.95 i

24 10 19.15 £ 147 ¢ 29.21 1,66 ef 34.54 1 134 f
50 30.11 1 1.28 of 43651 1.54b 5324 £ 1.09a
100 41.54 +0.96 ab 50.22+£0.76 a 64231+ 1.43¢
200 61.27+056 ¢ 72.89 1 048d 76.86 1 0.69 cd
500 69.87 £ 1.21d 79.15 1 1.05¢ 94,12 £ 1.54 hi
1000 76.12 £ 0.98 cd 89.97 £ 1.29h 100 i
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N Pomace extract

80 4 0 Wine
- 70 - 0 Resveratrol
-]
= 60
£ 50 A
=
= 40
&
& 30 -
&
=20 -
Z
10 -
o - ™
120 1

Apoptotic cells (%) at12 h

120 -

100 -

Apopfotic cells (%) at24 h

500 1000
Concentration (Jlg/ml)

Figure 7.4 Comparision of mouse myeloma apoplosis induced by grape pomace extract (dash bars),
arape wine (opened bars) and resveratrol {filled bars) at 10-1000 ug/ml and 6, 12 and 24 hours.
(mean 2 SD, n =3, p < 0.05).



i13

sz@ning (efficacy) U®4 grape pomace extract, grape wine LR resveratrol 919 cell

i - -4 B '3
apoptosis BiB3AT12¥910 LC,, value Fauonanududuvesmsivitldimadaioly 50% (Table

]
=4 =1

17.2) grape pomace extract Fuifumsadanaiiqa Tansveufiqa i1 Le,, iy 2884.03
pg/mi ﬁ 6 "f;"ﬂBN, 351.81 pg/ml 1?3 12 "f;"ﬂ}dd, URY 134.90 po/mi ‘ﬁ 24 ‘]?’JI?N Gafetl grape wine
Fubumsnorwdosnd 1 L, Mty 1148.15 pg/ml # 6 9104, 141.25 pgfml 7 12 27304,
Woz 56.23 pg/ml 1 24 $9Tu3 Feldarsiioundn grape pomace extract ilszane 2.5 w1 dau
resveratrol 913UTANE A1 LC,, 1H170 40738 pg/ml § 6 2109, 67.61 pg/ml 7 12 2139 uae
32.36 ug/ml ‘ﬁ 24 ‘}?’JTM& é’ﬂ%ﬁ‘l‘iﬁﬂﬂﬂ’j’l grape pomace extract 7, 5 llaig 4 R INAIRY ﬁuﬁa

o o ¥ 3 ::tiv & e 3t Yo dy
ﬂ??'dﬂﬂ'ﬂfi'l‘llﬁiﬁﬂQﬁ]ﬂﬁﬂ']rlﬁmfﬁﬁﬂ'iﬂlﬂﬂ%u LllQLWHL?ﬁ?iﬂl“}fﬁﬁ'\lﬂﬁﬁﬂ1ﬁu3uﬂ1ﬂﬁﬁ

Table 7.2 The LC,, values at different periods of treatments of the apoptotic effects of grape

pomace extract , grape wine and resveratrol on mouse myeloma cells at designated duration.

Apoptotic Effect : LC, (Llg/ml)

Extract 6H 12H 24 H
Grape Pomace extract 2884.03 351.81 134.50
Grape Wine 1148.15 141.25 56.23
Resveratrol 407.38 67.61 32.36

%zlﬁuLlﬁ%ﬂL%ui1 grape pomace extract UQE grape wine mmsa%’nﬁﬂﬁwaﬁmﬁuﬁﬂ
{i8RY19AY myeloma MBLUY apoptosis 1AU FuNANAnYNzas A Bsumlasmunsnms
apoptosis (Hotz, Tragamos and Darzynkiewicz, 1992; Mita, Mita and Tolcher, 2006) (15Au281
ﬁﬁﬂﬁ'ﬂmgﬂﬂéu {grape seed extract) ﬁf‘f 1M139§M§Qﬂ1il%§fwﬂﬁ human prostate tumor (Singh,
et al,2004) uazvirldirad DU4S (human prostate  cancer cell) 18UV apoptosis
{Dhanalakshmi, Agarwal and Agarwal, 2003) laaug mqw%‘a‘ﬂu dose- LlQIT time-dependent fashion

]

ARy 50 — 200 pg/ml 99124 — 96 F2lua udFmi1 apoptosis gegAEs 16% 71 96
FTushawy grape pomace extract é’ammsmmmqw%*ﬁ’ﬂﬂi apoptosis 493 CaCo2 cells
¥ ¢

g d o o 1 a =
iraduzi5e1 16 (Engelbrecht et al, (2007)  weninil Sawuhlunisinmignivesniena
3 a o . \ 5 :ly a
YDIDJUMINUFI1¢f (shiraz grape) AD apoptosis Y9I myeloma 1l lAWaaoAndBIfUNE

[ o ] wo oo = T
msﬁﬂywmmsﬁﬂﬂmaﬂagumuwuqummu {muscadine grape) Lifi¢ blueberry 919 apoptosis

YOUFAAULS AU HepG2 (Yi et al., 2006)
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o g 4 -4 =
Grape pomace extract Lifi¥ grape wine asosmih aduzs myeloma iN# apopto

priilaeninlug ﬁﬂéwﬂzﬁﬁﬂﬁgﬁﬁﬁqumﬁ (phytochemicals) 113241 phenolic compounds 1119
wiia  Taowa lnlfenvesmaeduuas Tnfedu wihilles tannin, anthocyanins 1@ stilbene i
ﬂ?umqq (Sun et al., 2006; Briviba, Pan, and Rechkemmer, 2002; Souquet et al., 1996) Lm:clu
mﬁﬂﬂéuWUﬂﬁ phenolics cl‘u‘gﬂ monomeric form 1NN polymerized form (Khokhar "_an'&

o e v o o I . ar
Owusu-Apenten, 2003) Jszinimumssndusasiiing apoptosis IMITAUAIIMANYY

Lana1eRy oraiosnnanuAaUnafing In apoptosis  YBuwARABANAATENIN apoptotic
inhibitor proteins N1 apoptotic activator proteins (Yang et al., 2003} fanzifiulad resveratﬁ:)':
Wues phenolic  compound U?ﬁﬂﬁfﬂ?ﬂﬂﬂﬁ myeloma cells 1A apoptosis H?ﬂﬁﬁﬁ Hag
resveratrol ¥ apoptosis R L“]}'aﬂllwﬁ aamunﬂu (MDA-MB-231 cells) (Scarlatti et al. 2003::"::
x‘ﬁﬁﬁh”ti%ﬂﬂuﬂﬂﬂiﬂﬂﬂu (LNCaP cells) (Aziz et al., 2006) unzwaduzis ulinfonunn (HI;GOEEf
cells) (Su et al, 2005) 1un15998 reveratrol A0 myeloma cells uﬁi}ﬂﬂﬁmﬂ‘um‘iﬁﬂHEE
resveratrol Fiﬂlclfaéﬁwﬁuﬁ YDIAUN AU Ao waau%s \‘m”lnlﬁ {(human colon carcinoma) HT~
29 way SW-620 1araauzl5 i InTe (human  fibrosarcoma) uaziFAd TN WAL AD (humani
endothelial cells) HUV-ED-C msi‘luﬂumsu@ﬁsﬂu adult stem cells uwaﬂmmmmﬂ ‘nmm?
u.‘ummm (< 1 ug/ml) resveratrol (853 cell proliferation 1@ ‘ﬁmmwwuﬁ 1> 10 ug/ml);
resveratrol NAUFNIIN apoptosis ‘Fim“ﬁaﬁ‘mfh‘l{ (Szende, Tyihak and Kiraly-Véghely, 2000) uﬁiﬂ-é
resveratrol dnirliAa apoptosis Taunndr u grape pomace extract DT grape wiﬁe céﬁarﬂum{'
HU”I‘H?'@ phenolic compounds #awriia %Q‘EJ’I‘\]E)HZJ‘Imhl{;IJ’}"! grape pomace extract HA grape.:..
wine WAaNaUBIBdLmIENS Shiraz Tiwiztlgalushfu unidnerdumalulad (ume) fas
phenolic compounds ¥t resveratrol “luﬂ%‘mmmmsazﬁﬁ;mﬁuﬂﬁ”lumic%'ﬂﬂﬂﬁ'waﬁuzs%‘qsﬁﬂ“

24 35 .
@oav17 e 101131 apoptosis

7.4.2 DNA fragmentation

amﬁﬂymzmaa apoptosis n1l52n5ABNITVIANNYDS chromosomes W nucleus 377
ﬂﬁﬁ?mmu"lmﬁqﬂﬂﬁ (cascade enzymatic reaction) ﬂlﬂﬂﬂiauﬁ&ﬁm‘ffﬂﬂ %u“luﬁqmau"lmﬂ
nizc-?’ju endogenous endonuclease %@ nucleosomes/DNAs 484 chromosomes mmi‘]u%m;mﬂ
ﬁ'N‘] (Ueda and Shah, 1994; Gorman et al., 1994; Bortner, Oldenberg and Cidlowski, 1995; Mita,
Mita, and Tolcher, 2006} 15 mglﬂuifuﬁu"lﬂ {DNA ladder) Y59 apoptotic ladder (Hicker, 2000)
Tumsing wﬁf: grape pomace extract, grape wine LAY resveratrol %ﬂﬁﬂﬁmaﬁ myeloma 1fin
DNA fragmentation 08199A19Y WAL fragments s umuanududuvesasuaznmd

Mﬁfﬂﬁgﬂﬂ 15 (dose- and time-dependent fashion) (Figure 7.5 ~7.6) ~ Chromosomes G],m"n‘ﬁﬁ‘ﬁ f
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gcyaf{blﬁg BT (dose~ and time-dependent fashion) (Figure 7.5~ 7.6)  Chromosomes cim%'ﬁﬁ in
=t W &
11814 DNA fragiment yuralszuim 180 - 200 bp sﬂuﬂmaﬂ};mmmmsmmmu apoptosis A4
Wuniseewadifen (single programed cell dead) (Ueda and Shah, 1994; Bortner, Oldenberg and
N . ] . & :’s g o o 1 [
Cidlowski, 1995} #®19970N1TA12UL necrosis WIHBHUEYDALAN l“ﬁﬁﬁﬂﬁﬂﬂﬁﬁu‘l}?%ﬂ'ﬂlﬂu
o« [} 3 ' & ot 4 y
IFARBBNEGN1WUBN (Golstein and Kroemer, 2006) ndalvnanoiadiiufvuazifiodouan
i 9
Yalilgmidianetd]
7 { as o . =
DNA fragmentation Twarad myeloma nENiRe grape pomace lii¥ grape wine HOHDA
I 9t = & Y 2
¥ une W15y 1nelF resveratrol Wuasarugulunsfinuil dosandesiunatsiony G
r o =y 3 o ' .
NONUNMIaNasIsud 1Aneduias 1nina1oms U resveratrol, quercetin (3,3°,4°,5,7-
% g o = = w g
pentahydroxy-flavon), catechin U@¥ proanthocyanidin aunsatlesiumaiauzsald Taednh
o <= o a o el
DNA fragmentation Tuiraduei3e resveratrol 1 181in DNA ladder Tuadidadenu1? human
o = & o
promyelocytic leukemia HIL-60 (Surh et al., 1999) quercetin #1191in DNA ladder Tursadiiia
8
{39AY1 human leukemia U37 (Lee et al.,, 2006) 4agfufs G/M phase transition luiginsves
¢S o qu o « & o ¢y A
was Mlvradvgai Gnie G, (Doherty et al, 2003) Tuninsedy lurmadUnd as
a =] '
proanthocyanidin @¥NAIMMAADIU (GSE) nA DNA fragmentation 840 aa lipid peroxidation 11
¥ ]
Lﬁmﬁaﬁmmzﬁuaaﬂﬂﬁ U0% normal human oral keratinocytes (Bagchi et al., 1998; 2000) 1u
¥ t =1 Q{o
M3ANUIE WU grape pomace extract 1AY grape wine INBULUAY UAZ resveratrol lgniild
e - @ v A . e < g
00 myeloma 0% DNA  fragmentation Wudemsmaridmiiifimadaouuy apoptosis

t a ; P ow ' =1 ¥
FUIRYINATT phenols Bue Aefnnnedunaziinadu

7.4.3 Expression U84 apoptotic proteins: p53, Bel-2, caspase-8, ling Caspase-3

MIAIBUDUBATUUY apoptosis IRATINLNUINT IWAY (interplay  role)  vpe 1158w
(apoptotic proteins) Hauiln uaﬂﬁiﬁumdvfugnr’imuﬁﬁwﬁﬁwmﬁ’uﬁnssu Tumisisud
Wudmsizimuamiz 1Y ps3 (53 kDa), Bel-2 (26 kDa), caspase-8 (20 kDa) 1Az caspase-3
(17 kba) Faflumumin apoptosis Wa3% intrinsic (g extrinsic  UNWINVDY p53 TunuIAT
tumor suppressor 1AuAYUANNTORAAT IR (cell proliferation) THHyaigTnsivaduazdn
Y apoptosis Tae3nr1mn13 158U bax (Shen and White, 2001; Schuler and Green, 2001 : Amaral,
2010} ﬁ%ﬂﬂ‘ﬁﬂﬁ bel-2 ‘ﬁté@ mitochondria ‘B’J’uuﬂﬂ‘;}’.} 1Javy cytochrome ¢ 880 157080 caspaces

' P = J ]
wazevanmeluiiga nisueaseenves Tdsdumaiinmsnasnm 148 s Westem blotting
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WUIIH T AR grape pomace (GPE), grape wine (GWI} uae resveratrol (RES) %ﬂﬂﬂﬁ}waﬁ' :
myeloma 1R apoptosis éammmmawmasnﬂéwuﬂawm p53, Bcl-2 , caspase-8 UBY .
caspase-3 Ll%’ﬂtimﬁﬁﬂfhﬁﬁg mitﬂﬁauuﬂawﬂmmu dose Li@¥ time-dependent manner (Figure '
7.1 - 7.9) wazd 9ANABINY apoptotic morphology (Figure 7.1 - 7.3), DNA fragmentation (Figure
7.5-7.6) Uag qw%‘fﬂum RES, GWI 1er@aqn3F#nii1 apoptotic proteins &annani e GPE 86
Iuthfsy

GPE way GWI Panudhidugt 10 ug/ml (Figure 7.7) @1aN3ndnti caspase-8 Mnae 3
$1Tus wagdintin ps3 uaz caspase-3 1@FaauLIAT 9 $2Tus wasniigad 24 F2Tua Ty
InzBoaiy GWI aanuduued Bez aslduinniignives GPE ot1alsfnu Caspase-3 ER
13114 executioner protein Qﬂ%ﬂﬁ? 1Y active Tl 17 subunit @Y 11kDa subunit JEGTAR
%’ﬂmwﬁm?\mﬁuqm%{mm resveratrol (Figure 7.8, lane Resv) %ﬁﬁxﬁu’iu%ﬁ myeloma G

. 4 = @
apoptosis 1aNnAgaR 24 9714

8]

P33 o L 23

Bel-2 P R g P e wvine et epan e e o= b 26
Caspase-8 | gaem RO — < T B e e b T
¥

Caspase-3 §. . sy S e » TR nd -
Actin W C e kmmme v camivR Rl T —— asmute o I 43

Resv Oh 3h &h Sh 12h 24h Resv Oh 3h 6h 9h 12h 24h
i i

24% Wine 24%

Pomace

Figure 7.7 Western blot analysis for apoptotic proteins in myeloma cells induced by 10 ug/ml
resveratrol (RES), grape wine {GWE) and grape pomace extract (GPE) at 0-24 h of incubations. The
protein lysates were separated on 12% SDS-PAGE and the electrotransferred blots were detected by

specific antibody probes and developed by HRP- TMB {Tetramethylbenzidine).
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o

Myeloma cells 91'1#31 100 ug/ml RES, GWI, 1ag GPE (Figure 7.8) uaain1siniiy ps3,
caspase-8 g Bel2 lAmiouruiradi 145y 10 ug/m! ud GWE #n1i1 caspase-3 1dod19Faiy
- #H397u9 Tuvazf GPE ¥mi1 caspase-3 Tddaouh 6 53 1ua uansd qnives GWE Hivld

o a . FIR- ] =
IEATING apoptosis 1ﬂl53ﬂ?15}ﬂﬁﬂl@é GPE

PPl L e . we e o || e o we e e

. AR AL MR eI CEonir L]
BA2 ) wen sy 500 GEB v el

Caspage.s a R RO s me % Sk o R W i

30 . ey g bt o
CES}IHS&-S ) W‘ free 7S I N vy
ot Lo e e o

Actin N )
o i S R I e BEEGS SEwe. wogo. e 43

Resv 0k 3h 6h 9h 12h 24h Resv Ok 3h 6h 9h 12h 24h
i i

24k Wine 24k Pomace

Figure 7.8 Westemn blot analysis for apoptotic proteins in myeloma cells induced by 100 ug/mi
resveratrol (RES), grape wine (GWE) and grape pomace extract (GPE) at 0-24 h of incubations. The
protein lysates were separated on 12% SDS-PAGE and the electrotransferred blots were detected by

specific antibody probes and developed by HRP- TMB (Tetramethylbenzidine).
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Figure 7.9 Western blot analysis for apoptotic proteins in myeloma cells induced by 1000 ug/ml
resveratrol (RES), grape wine (GWE) and grape pomace extract (GPE) at 0-24 h of incubations. The
protein lysates were separated on 12% SDS-PAGE and the electrotransferred blots were detected by

specific antibody probes and developed by HRP- TMB (Tetramethylbenzidine).
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salicyclic DY gallic acid Tulnive 2 TIWHUT natdwunydsuim protocatechuic acid TRUAY (p<
w r MY A 1 . \ PR ) a4 qm ;
0.05) nasuu'ld 4 iHou d7v cinnamic acid HUSUIMARRIMILNAINITUN Yuzh UTuyes p-

coumaric A2 caffeic acid "lu':,ﬂﬁﬂuuﬂm

»
S Aaa A T or

' @ -2 ool LY o a
‘W‘U'J’l’ﬂ"iE!W‘Hﬁﬂ]ﬂ@ﬂﬁﬂﬂi%ﬂﬁﬂiuﬂﬁﬂﬂﬂﬂﬁu H@ﬂﬁﬂﬂ@lﬂﬂﬂ!ﬁﬂyﬂlzﬂ1ﬂﬂi$ﬁ'}uﬂﬂﬂﬁ

q

vosla meiug EC1118 Mandnuaziifniioedug K1V1116 uaz CY3079 vauziinmisifiy -
= 9

[ = & o L4 o (2=} ¥
w3 iduasuSgniues wansresveratrol Tunisuda’loy Henswatesnieen luliasde -

o o o L4
audnymzmalszamdudaves il

=1 = )
8.3 MsgATUMAYSNEHDYRT IsmIBs INsRRNATHEANBJHIAIAIATIT 1 IqaMAITRIRUNY

NARDIHNANTI @ﬂ"dﬁn ©13 phenolic compounds (total phenolic compounds, TPC) 1141{1@;:13
(GIU) easer ﬁ'ﬂaémam {grape pomace extract, GPE) JETIEY (GWD) ﬂwﬁ"l‘liz Zinfandel (1IR}LAS
ulijlﬁli trans-resveratrol) UDY trans-resveratrol  (RES) 1%’wgmiﬁ'ﬁwﬁuﬁmﬂ Institute cancer
research (ICR) nad] 91y 6-8 a1 viwifn 25-27 nfy TAa1sdrve1aunnyneiin (oral
gavage) Suazade Mudatudoaiiume o, 15, 30,60 Wi 3, 6,12, unz 24 $3 113 4oz control
T1iTWms Sinsizrina total phenolic compounds 1Ay Folin-Ciocalteu’s method 4z ATIZHM
trans-resveratrol 87 capillary electrophoresis HANSNAADINYFT T 0 WIRMSRATY (in vivo)

484 TPC 4 GIU tag GPE 191g plasma liunna siumsgadguuns DMSO veicle baseline ¥4l
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_ 2 C e 4
N3gAGuYas TPC 11 plasma Yo011n TPC 910 GPE U plasma (FuUANANTALIUIN GIU F4
ALYIAY baseline ¥A9 30 W absorption Y8 TPC 910 GIU gagaininy 0.2152 £ 0.01 g1 #i
- = af o ] cA' a‘a L
12 %1134 1Az 310 GPE gadu 18590719 6 57 1ue 1111 0.2157 £ 0.01 g/l uag TPC recovery
[ Voo T o = =
FagaMIAL 22.93% 11U 8819 lsneuwSuia TPC 997 GIU iaz GPE Tuusdvaaaslu
FZAUNINUN 24 F2 119
@ 4
m‘iﬂﬂ“ﬁﬁ resveratrol Loz 1211@ Y resveratrol (resveratrol-spiked wine) 1y plasma ¥Lud
1 = [ o a LR A <Rt =
WU resveratol gngaduuazervgndos lumaauemis hhihueyius Selins e luwud
resveratrol A1Y capillary electrophoresis (CE) Tu plasma YOINYNADDY waz lunufily plasma
a Qs ) o =1
‘tlﬂﬁﬂuo“ﬂ‘lﬁ‘iu 20 mg/l resveratrol-spiked wine UMAATIEHWUL resveratrol Tu resveratrol-spiked
a " = i g 5 o @G
plasma UBNAIHY (ex vivo) IFANHYINITAANY resveratrol mqiwmuiﬂti“lwwmmﬂuﬂmmu
» b
a5eil Ta1150n72911 resveratrol A0 capillary electrophoresis (CE) mataoudumsz
1 i o o A ' (Y S
resveratrol QAIfAswilueseyRusoudn liamisansaninlddnis ce
¥
naaesId T nAToUIAYNIAN (oral gavage) TuazaTe ) az 0.5 mi TaolH 20 meke
trans-resveratrol (11 12% ethanol, v/v), 0.5 ml/day GIU, 0.5 ml/day GWI (12% ethanol), 18z 0.15
gkg by GPE (11 10% DMSO) iWunan 2,4 uas 61U uasld 12% ethanol uaz 10%
o [ 4 o ] ar =)
DMSO z‘ﬂu vehicle control ‘Hawmmm&m’famumam&mu IRTUUUETE AT IV ultrastructure Y83
L&Y o o [}
EFDRAUAINAD YANIIAUDBAATOUUUD A B (transmission electron microscopy, TEM)
¥
a T . o 5 or ] .
D¢ (grape juice, GJU) 121 (wine, GWI) umz 9158AANINBIY (pomace ethanolic
] A g t o o
extract, GPE) U resveratrol LitldeuuslasInssadiedudsenoy ultrastructure va3adsy
o 1 iz s 4 & o 1
NyNd 49U 10% Dimethyl sulfoxide (DMSO0) alfiffumsiazamumsaianinequuasiy
. ] do o
vehicle control 11/a8uulag ultrastructure B UwaadUARlonTnbaZaY glycogen granules Lag
4 v ow o oo
12% ethanol @9ANUITUTUIIAY ethanol Tu'lauas 91Ty vehicle control Tassards waday
wlaeuntlas § storage lipid droplet, endoplasmic reticulum 5o3AIAALAR 1Az chromatin Ty
nucleus $AAAHUNNUNA
' - ' w o i o a o A
a3 IdhwdannoudieWug Zinfandel Avizilgalurhsuuminodoma TuTadbguni
= a o % o 1 ]
HARe13 phenolics Titludse Tomiuazilioudhsremonds Suumoaunsagadudinszumdon
18 Tdfimaltifanisnldeumlasdiudszneumeluaddunaz Idiwedsz Tomilunisaa

Tuthuazindlosmsnenzsa
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8.4 EnﬁwawﬁﬂwnaémsmﬁiemmﬁluﬁﬁLaazﬂmﬁué}mummmmﬁ
msAnygnaveslni (GWD msafane1umnaIne{u (grape pomace extract, GPE) 18
Wuf Shirz  UALAITALAIITHIIDIINGOA (resveratrol ~  RES)  Auanuduiinaomad
{cytotoxicity) #2075 Brine Shrimp Lethal Assay (BSLA) Lmzsi@ﬂmﬁmﬁm U (cell proliferation)
yoaag o TaduzS s myeloma (P3X63Ag8.653, ATCC-CRL 1580) BaMYid BALB/c
HAMIIADY nauplii @aoansafaninedu (GPE) Il (GWD) uag 15@393 1508 (RES) 34
azae1y 0.01% DMSO § 10 - 1000 ug/ml UazTU LAY nauplii a1 @ 6, 12, iae 24 F3Tug
FIUIUNT % corrected mortality 1UTOUIROY cytotoxicity (3833 shu'1854% GPE < GWI < RES
agiivid uastusua i duinsaa1R 1850 (dose and time dependent) Hazf1 LC,,
(ug/ml) 910 lilew fis GPE > GWI > RES Aa8AIaIN1 nARSY
meinnermsmiusnsad (Cell proliferation) 1ag MTT assay wunnnuilufiy
ﬁiﬂt%ﬁﬁ?ﬂﬁiﬂﬂﬁm?iysﬁu'«ﬁmwwaﬁ‘luﬁnymz%uﬁummﬁ’fﬁu (dose-dependent fashion) -
voees wag ausunarlumsdy Aanududuge fumaldnsseadiavossaduziSulda
Aeaviisias uarn1stuszere1i Y madseadiatesauiesq iienlSeuifisy _
Antiproliferation WU Activity GPE Ung GWI ﬁﬁmﬁli‘luﬁwiawnﬁ (cytotoxicity) o ‘Itlﬁuﬁ: :
myeloma M1 1H@UABN1TI95 QYL 112UYBUBAT (antiproliferation) 1Y £ 1 BRI

1 or [:3 ar

anmmuaTduduYes  GPE, GWI, uaz RES dmiudusdreiifudda (p<0.05)

»
=)

Antiproliferation activity il@ﬂﬁ'l‘i?iﬂmim?ty%m myeloma cells Soatdu'l8dell RES > GWI > §

GPE

=] = ] ] =y
8.5 e'mi‘mw9awnﬂwmmegmsmmﬂﬂ‘ssmmmmwmmwaﬂm’iam

ﬂii%5ﬁiﬁﬂﬂizLﬁl&i}"ﬂ?ﬁl?}%ﬂ"ﬁﬁﬁﬂﬂWﬂéH (grape pomace extract — GPE) waz Iniagu
(grape wine — GWI) ApA1IAIwvBadaoiuf/uzs wradimiony1uesnu (myeloma) A0 :::
msfanngds1emadiinig Maunnnves DNA/chromosomes Loz Binsizviasaav A
siiafiRoT0alunszuIuMT apoptosis 10814 resveratrol (RES) ifhunsnaassniugy

HANTTNATOINVU I GPE, GWI) liag RES zmmqw%‘(ﬁﬂﬁ'maﬁ myeloma Fuflumadar
ﬁuﬁ/mﬁuﬁmﬁaﬂﬁmﬂummmu apoptosis gﬂﬁ'aweamaﬁuﬂmﬁﬂym:msmwm.;'u apoptosis
D619 ALIY apoptosis fumnlSnaeznait1diums dewad 145U GPE, GWI unz RES
$113U apoptotic cells Lﬁumnﬂ‘fiyuminﬁﬁaﬁﬁmu (p < 0.05) tazwuN Namﬁmswﬁmsma5_';

< as y ar .
Y0UFaE myeloma A20MIFUNATIA cell morphology HuaakagpandasiuNaMIAIUMIITY
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L
o

YBUWAT (anti-proliferation) 1WuMH 6 na1Aodsz@ninadonisnievonsadsosd1duaed
RES > GWI > GPE 19ufiil §15%84e03 resveratrol 11130 ¥h1#izras apoptosis Idgqaqn uas
HATIATIZH LC,, value MUiEFunInnnTeofo GPE > GWI > RES waiiansanan’ld
7N grape pomace extract UD¥ prape wine annsoFmhlfiaduzSadinfearinu myeloma
MBULY apoptosis Tay Funavindnvuzmad nwdouuasmundnns apoptosis

AUANY ALY apoptosis BNUTTNMIABNITVIANNYDI chromosomes T4 nucleus 910
ﬂﬁﬁ?mmu"lcvﬁgﬂw (cascade enzymatic reaction) %ﬂﬁiﬂiauﬁtﬁ'ﬁ"l%ﬂﬁ %uﬂluﬁqmau%ﬁ
ﬂSZﬁ"i{u endogenous endonuclease 18 nucleosomes/DNAs 04 chromosormes mmi‘lwﬁwm
A199) ﬂsnngtﬂuiﬁy’uﬁu"lﬁ (DNA ladder) ¥138 apoptotic ladder HAMS AT RENL GPE, GWI
uag RES Fnvirifivad myeloma 1R DNA fragmentation 8614¥A10Y 1A% fragments Wusnnay
awanududuvosmsiaznfiad 185015 (dose-  and  time-dependent  fashion)
Chromosomes 140 a¥nu1a 14 DNA fragment y1m1l521181 180 ~ 200 bp Huandnuaizuns
N1IAT8LELY apoptosis éqai‘]umsmﬁwaﬁs?}m (single programed cell dead) ANTINNITAIBULY
necrosis FuboRumadian wadddevdmiszneulumadeengniouen uda Wrademad
Srufvaasiiofounndornoda

ASANUYBIFATUUY apoptosis NAINUNUINT WU Gnterplay  role)  voTalsiu
(apoptotic proteins) HEWWTIA uaﬂﬂsﬁumﬁnfugﬂﬁmuﬂﬁ'a&ﬁﬁwmﬁ’u‘gmm Tums3toil
Wudmswinuame T1sfu ps3 (53 kDa), Bcl-2 (26 kDa), caspase-8 (20 kDa) A caspase-3
(17 kDa) Fafiuninlu apoptosis W43 intrinsic UAE extrinsic  UNUIMVDS p53 Tumnumdlu
fumor suppressor 1AYAIUANNIBIINATIUIUELAT (cell proliferation) 19iM ya3gSnsiraduazdn
111 apoptosis TAe3arum s TusAu bax 9T 1% bel-2 7ABo mitochondria Tuuena Udes
cytochrome ¢ ©07 115701 caspaces ua:maﬁmﬂuﬁqﬂ nsuamsoonvesTulsiumani
500329111 18A38 Westem blotting WU1a15 GPE, GWI wag RES smi1ldisad myeloma
(fin apoptosis FeasonsevImsnlasulasves p53, Bel-2, caspase-8 LAY caspase-3 1A
pg1aHud Ay msilfounleadiuny dose uay time-dependent manner UAZHOAAADINY
apoptotic meorphology U0E DNA fragmentation URZ qw%‘dmm RES, GWI Liﬂﬂ\‘lq‘n%{ﬂ?ﬂﬁ'l

o o

L] Q‘ { | C
apoptotic proteins 1AANIIgNTURI GPE atheifud iy
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