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Analysis of Deodorizing Mechanisms
for Halitosis Inhibition of Grape

Extracts

Min-Su Hur

Department of Food Science and Technology, Graduate School,

Pukyong National University

Abstract

The objectives of this study were to investigate the deodorizing
mechanism of grape extracts, and to develope an extraction method
and processing technology of grapes for functional ingredient of
halitosis inhibition. Deodorizing activity was investigated by measuring
the reduced amount of a standard compound of methyl mercaptan.
Also. the amounts of total phenolic compounds were measured with
the prediction of higher deodorizing activities against methyl

mercaptan in higher amounts of polyphenolic compounds. The amount



of total phenolic compounds of grapes was 6.2 mg/g grapes.

Skins of grapes showed higher deodorizing activities than freshes of
the grapes. Also, total phenol amounts of skins for grapes were
higher than those of freshes of grapes. The extracts which were not
separated by two parts of skins and freshes had high deodorizing
activities, so the separating processing was not needed for industrial
application. Also, skins which are by-products in manufacturing
industries of grapes can be effectively used.

Water soluble, ethanol soluble and methanol soluble were produced
for measuring deodorizing activity and extraction yield. By the results
of each extraction condition, water soluble of grapes was highest for
deodorizing activity and yield. Therefore, it was thought that water
soluble is the most suitable method for the production of materials
tor deodorization.

Effects of factors in processing for deodorizing activities on
temperature were measured by using water soluble tractions which
showed higher deodorizing activity than other extraction fractions.
The differences for deodorizing activities ot grapes were small to 2
0C. There were no big differences between pH of water soluble
extracts and pH of the highest deodorizing activities, it is expected
that the processing with grape itself is effective without controlling
the optimum pHs.

Because ingredients for halitosis inhibition are mainly used as food



or medicine, powder form is required for convenient use and storage
satety. Such heat treatment as drying tor powder formation may
reduce the deodorizing activity, so the optimum processing condition
tor maximum halitosis inhibition is required to study. Freeze-dried
powders of grape extracts showed almost the same activity as water
soluble fraction.

In order to know the factors which are related to the mechanism
of deodorizing activity of the chosen grapes, treatment effects of No,
metals and reducing agents in water soluble fractions on deodorizing
activity were measured after the treatment of those materials for 30
min at 25°C. Grape extracts of N» treatment showed less reduction of
deodorizing activity. The deodorizing activities of all samples on Cu
addition were largely increased, but Fe or Ca addition reduced the
halitosis inhibition. In the case of Fe and Ca. the reduction was
thought that the metals reacted with the oxidized phenolic compounds
rather than activation of polyphenol oxidase. Treatment of reducing
agents showed the reductions of deodorizing activity. The reason is
thought that they inhibited the formation of oxidized phenolic
compounds which were required for halitosis inhibition.

The deodorizing activities of phenol fractions from grapes were
evaluated by using their polyphenol oxidases. The mixture of phenol
fraction and polyphenol oxidase showed higher deodorizing activity

than only phenol fraction. The cxperimental mixture of polyphenol



oxidase, Cu and phenol traction showed higher activity than others. In
the case of adding ascorbic acid, the deodorizing activity was a little
decreased by inhibiting oxidation of metals, but the enzymatic activity
was less affected. Chlorogenic acid which is one of the abundant
polyphenolic compound was used for the model system as a substrate.
In the model system of phenolic compounds, only chlorogenic acid
showed low deodorizing activity, but the deodorizing activities for
grapes were largely increased by adding polyphenol oxidase, Cu and

chlorogenic acid.
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sulfide, methyl mercaptan ‘X dimethyl sulfide 5ol 7]<Qlafo] Ay gk
Ul(Tonzetich et al., Richter, 1964; Tsunoda, 1975). o] &3t -3 ¢
Aglel & 3L cysteine ¥} methionine, H-i= o] 5 ofu] wAFS ET)
shiz wh ol Hrfel ] WA s A &sbghedl
volatile sulfur compound:Z3-€]  7|QIgtt}. <5 hydrogen sulfide,
methyl mercaptane, dimethyl sulfide ‘50| o]el S=gkvh H7F o &
QP 3l o] ujdE A Mt Efofolul S AR R A Ve
SEShEl cysteineS -8 8Fe] hydrogen sulfides: VF5 1l, methionine &

&) 3Fo] methyl mercaptanes WHEUL Iyl A o o] = 7pA] EH

o] 3 & 2o Evlolrt (Jang et al., 2000). ol 2]d 3B

k1= 3230 %# 74 7] (flame photometric detector, FPD)E&E 7jubdt o i

U] el s G4k Aol vhsdAl H
2tk Tonzetich(1971)& GCE o] &5lo] 73Ul 7] alel 4] hydrogen
sulfide, methyl mercaptan, dimethyl sulfide %5 %24 &3pgtE o] &

A E skolalsd o1y, Kaizu (1976), Schmidte} Tarbet(1978)5= o] v gt
]t

oy
1_1 o
o,
e

-3} SR Eo) A1 methyl mercaptan 5 L9 b A o5t -7



A Abololi e AlgbsbAZE Gdvkis A Felskgion, -
H & a7 7] 2la 4]z methyl mercaptans o Al ski= Zlo] i ¢t
sl Fostrtar FAsdvh rea ol et A &k E e
olof whe} srmeol Zoliz A ub 1 o X(Wff)E X hydrogen
sulfide 5 ppb, methyl mercaptan 0.1 ppb, dimethyl sulfide 10 ppb iz A]
++z Yol & 2 5L A] methyl mercaptan®] & A4S ¢ 4 Y} (Lee,
2000).

Polyphenol oxidase (PPO, EC 1.10.3.1)i= {49} oA k3

1

o2 WARE CuE 3 @ 4ol, mono-hydroxyphenol &
dihydroxyphenol &2 =3} Al 7] 3= RWFg-o] ¥hofslar 1 HEG O R HLE
A4 ¥ hydroxyquinoneo] FEHh-&S olor HEFWNS AAHER 4
Ml Azl o] £33z ol melanine] A Al EIUH(Oh et al., 1988). o] 7
& PPOC] “Ztegh ksl welk -3 oA ok do]shs
Aot okefz] olizdl, @A wa] 7 polyphenole] FHO A &
7] 28 44 A gl phenolic hydroxyl group¥} thiol groupA}e]e]
2l A 3 gl osto] gt ofAl AEo] dojuhutar kA <l
o (Yasuda et al, 1995), PPO¢| ¢]sf #F3}¥l  o-Diphenol©]

o-quinone & el it A 2] o %W A] methyl mercaptan¥} U} thiol 3}

Staral wbs-slo] 3ubao]l 4% methyl mercaptans B34 o w
A A FHIA 485 stuar ek vl (Negishi et al,
1997).

o] & wlek o 5 polyphenol oxidaseZ E¢Fshil Qliz Al ol gk

vheg

AOI

bl o] ey ol ghisu], rafol $hf-wof 13T catechin



o] Sl odA Aol ykgl o H(Kida et al., 2002; Suzuki et al.,
1983; Yasuda et al., 1995), ofal F=Zio] -3 oA #p&of 33
o1 7+(Miyamoto et al., 1984), Al 4 2] metcaptan capturing #}-8-¢]]
7H8 ¢l 4% (Negishi et al., 2001) o] 9lv}

3£ = (Grape/Vitis vinifera)i= F 8000y H ¥ 7 2% 7] A 2sho]

{

Az & 1snke] ol ofv QIgkel Ak e ulE Al o

of

stufolm, Zmup 4 (Rhamnales) 2 % 3j(Vitaceae)oll 4r&k= w14

|
N

] -

Al D
o 1

RIS oF 7000]Fo] v} (Park et al., 2003). A kar

i
i

Bl

A A a9l EXEe] oF 85-00% HNiz Ao R Al
AR 10~15% BRI ET fro, R, ERFY) e ¥ %
7ha A kel A Foll AR5 o 9lv) (Jung et al., 2002). F <t %h

dell FTA @4 el dadon sl s g7he] A4 =
ulef el Avkeh vbAS Far vk FTA A4 e A7t
veket dpds o oL ke el eddol dEeHAl Skl wet =

WAk v o) Auds tiAstel it vede] Ak 9= d

whebA Aol Al Rk "ol A A e
rEelAl label mds 2 A es polyphenol ¢haFol W
Ao ¢hejil xRS didon stef why] Bloabg gol B9

FAA B A, Frad pAA B, A a4 A

0

wAe] G Qo] By Gy, A A &4l oA AH
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WooQltoll Abg%l TS (Campbell Early, Vitis vinifera)t= 5-2bA]
ol g Aol mrl Al A F]l(2003)ste] 20T o] WA aLe

Wybshy Aol ARkl

1. 2. 50 A=

—t

g

2

v —

ZFoN2 0.2 M potassium phosphate buffer o|™, pH 7.5
i ekl AHEEL

L3 AFg Ao}

T A &y 4o AR methyl mercaptane- Wako (98.0%),
B AR B AOFE A E SiAlobe ALEHATE

1. 4. Methyl mercaptan ¥ 59 ] %

Methyl mercaptan 3%-= (1 pg/uL in benzene ; Wako Pure Chem.,
Osaka, Japan) 2 mL < 18 mL ethanol £<ol £3]A]# t}A] 40%
ethanol &9l 10v] 3 A&e] 5 mLe] vialell %o}, -70TC o] W&

Bbshlul, cruar o)Al Al ZA A o] maels o]

B

i
[
-

i1k
=%



]

2. A3

o

2 L FAARY 54

Eel A gl HH L Tokita et al.(1984)0] WS Wt g

1
¢

stdov] m1owE Figo Lol Yepdideh Als AR 02M
potassium phosphate buffer (PPB) 4 mLi: -8-%F 50 mLe] vialo
Sl pHiIr 7.5:2 #=4%E o] 7]ol methyl mercaptan 3] (1 4
g/mL) 1 mL& 7}sto] HA] At oz wWEslo] vortex mixer
Bo5% 7 wwkslar 37Cel A 637t incubatedt $- vial2] headspace
off f¢]%¥ methyl mercaptan®- (flame photometric detector : FPD) 7}
A3l GCol gas tight syringe 50 gL Fglsto] A8t o]

TF Al vl Al osl AlLksk v

~

13 . C-S
FERAAEAL (%) = ¢ <10
C : control®] methyl mercaptan I} =1 %]

S : Al F7FAl 2] methyl mercaptan 3] =T %]

2. 2. Gas chromatography

Methyl mercaptan®|] 218 293} (flame photometric detector
FPD) 7} ##t¥l gas chromatography (Hewlett Packard 5890, series
)& AF&3skelal, column® HP-1 phase (25 mx0.2 mmx0.33 pm)%} &
1 column temperaturei= 357 91 4L, injector temperatures= 150T 4 S
1] detector temperaturei=  200°C 91U}, Carrier gasi= NoiE  1.45

mL/min®| & 2 5 AL8 5§



Put an appropriate amount of a sample into

a 50 mL glass wvial

!
Dissolve the sample with 1 mL of 0.2M PPB of pH 7.5 |
l
Add ImL of CH3;SH(1xg/mL) solution

|

Seal with a silicone cép and stir for
5 sec with Vortex mixer

Incubate at 37°C for 6 min

l

Determinate the amount of meihyl mercaptan in the

headspace of vial by GC with a flame photometric detector
l
D'eodori'zi'r'lgrﬂérértiivit;{[)wA,%) i1s expressed as
DA = (C - S) x 100
C : CH;SH peak area of control
S : CH;SH peak area after incubation

“with a test sample

Fig. 1. Flow chart for the deodorizing assay.
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VT R dxwpHon A x, A W BEA AV}
AL g QU FAHZRE 70T A sAs & 35T 4 5 microns

Hgol #=ziell Al 3013k Aajs iy, A&z 60T, 1.4 m/sec?]

b, B5A%= 150C, 0.7 m’/min 2 184 kPa 2]

& s gleke] FHA4L-, Folin-DenistH(1985)8 o] &3lo] %4

skl A3 0.5 mL, Folin-Denis Al 2F 2.5 mL ¥ 33} Na,CO;

(941

mLE& Zhalo] 50 mL 487 AS 18TelA 3047k WAIsto] 760

nmol| A F i Eit ZAEtol A akshl )

2. 5. Polyphenol oxidase®] &4 =4
Polyphenol oxidase®] #+41 Zenin et al.(1978)2] whH o2 3%

U}. catechols 7| A5 &to] 420nme] dAo A Fgxeo] ZFr7E o
23lod 25T A 248t 0.2 M sodium phosphate buffer (pH
6.5)2] gtZ=Mol 0.1 M catechol 7] A NS | #3sle] 7|2 goHo g
Abgstolvk. 1A g 27 mLel 0.3 mLel EAaolS Hupsle] &
-] 3 mLo] Whg-ef S whiso] 420nmut el A 33 FUbeks &
Aol 8 FAsho] polyphenol oxidasee] &4-S AV &
8o 1 ounit 25T o A 1a-7F SRk S5 0.0019] S b

ool g ekel sl A 4bekd vt

_11_



2. 6. £® A0

-
i

b

N

SENS 100 g2 YEAlEE whol waring  blender (HMF-340, Hanil,
Korea)ol 0.1M phosphate buffer (pH 7.4)% 100 mL % 7}s}o] 5#-7
AR 5 3087 kA Eta, 4Tel A WAt e] ] (SUPRA
30-K, Hanil, Korea)% o]-8-3&}o] 15,000 rpmol]l A 303-7F 4]

S A~
i

Lh

ol oo Azolo %

T Al

oo st sto] APl AHgEFSd Tt

ﬂ.m“

2] &
2. 7. Water soluble, ethanol soluble ¥ methanol soluble2] A=

Water soluble®> ¥ 5% 27|52/ upssie] A=E o] &3
A5eban, Aol 3ujeel B8 el FEete] Alzshslvh. Ethanol

solublex} methanol soluble?- water solubleoll 4vjgke] o gb2 1l w

| l

che S H BB 80% 7 WAl Bho] 4TelAl 241 7F Eok WA g

Towel@ o] 3000 rpmoll A 30E7F QAR & orpA] aFEol

& olalsle] 60Tl A 7]t mwsle] Al 231

2.8 2= S FHAA 24 54

gt e bk Albskl o, Alsnel e el 6ttt W

N §ookerel Almel U@ A B FAEAACE

2.9, pHY FANA Y FA4

pH'H Alsze] 3 Al A8 S 4387l ?1ste]l 6 N HCL 0.5 N

1!

NaOH %+ A 7=8Fo] Zhzbe] Alsiol A =8k A]okS ujolzri 3| ¥ &

..12_



ol gafol vk A kske] /h7be] pHE wAske] rAClAl HAS

2. 10. 575 o] - 4 3helA] &3]
Aedoll 2291 & o], ghel Az Zb7) 20 mMe] FeE A %28}
o] sglel] AbgE¢l o, Cuiz | N HClol 591 AJeFe ARg319)

L‘JO

vh, zhzke] Eehu|i= 9] phenol®HE 100 ppm, 100 UL
polyphenol oxidase, 20 gL Cu<%} 10 gL ascorbic acid& A gl +Fof u}
t} &kslo] Aol AFE3L9l o, vial® headspaceE i Q)

sHAl 8F7] 98l vy A kL bufferi: 9l &3k

_13_
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“
lo
PN
o)

i
-
N

2
2
v(‘l r:
o

v, e e} w& dAE AR AFS & g Alad 9
gk oA e FA e g

7} 80.2%¢2] o)
&owbAl vhERuE o water soluble®] - FF oAl AL 73.7%
Aot F&ol 81.7%s 7k Al GhERSUE wheba AR A o
o] &5/ flalAl: FEEo] MY FEES
oAl ek wwe] sbE FgelA]l BakEa AEis s

A A Al ZEAQ ol&el  Thgstelel dvheluh

Shimizu(2001)3i= cacao®| % Ay} 2§ FEE dist 3 A &
e S Ayl 50%2] ethanol 5% E & o] &sto] F%E3F cacao

of glaol A we A &S EpYla Barsk ol
1. 2. Total polyphenol 3}
% (Campbel)Z wha o} 3f o w0l A3 AAH zbzte

JNv

total polyphenol 3teFS 5438 2+ Table 20| vhebuiich A9

Aap, ypal7F 332 mg, 5ol 214 mgo vt ¥fu7E dpSHEUE 3o

_14_



Table 1. Deodorizing activities against methyl mercaptan and yields of

extracts according to a part of grape

Deodorizing activity

Samples (%)* Yield (%)
Pericarp 80.2+2.4 24.6+4.5
Flesh 47.142.4 63.2+5.1
Fiber 35.3+2.4 17.9+2.6
Water solubles 73.7+1.9 81.7+4.5

*Sixev milligrams of samples were used.

_15_



Table 2. Total polyphenol contents according to the part of grape

Total polyphenol

Samples _
(mg/100g, dry basis)
Pericarp 332
Flesh 214
Total 518

_16_



L3 FEad A L4 3 odA A

Lol G ozl grF oAl A u RS S48k el
water soluble, ethanol soluble, methanol soluble% 4| *3}o] Table 3
off viepuilcl Ayl zbzbe] b SFFHAA &4 W FEE
A Ay, FHAA S 37 231 BT FFH A 4 9
2pol 7} A=A EFon), 8-S water solubleo] 7HAF =7 vpeRwU)

o] (2000):= al X4 G w el Al 2 G AlM FEel A9

ARl ol A4E SRR obdi AE Urhie], & 23
wol b =mE& EE Yrehl oy, FHA EAdL2 water,
acetone, ethanol, methanol, ethyl acetateir o] &3t F=Zh oA &

Aol BAE gD sshel o

1

Hoolqtof| A=tz ol &y} 8o 2ol A, water soluble
of Ao ol g e pAA 2Aw A AU Ao

ekl
2. A AA AlxzAe] 43 QA B4
2. 1. &%

FE 9] water solubles o] &sto] W FHAA SAAE FAG)

o] Fig. 2o “eEFAvE 1 Ay, 57 HSeE JHgA #A

2 Wak fgAashs AsES Hlrl Wissemann and Lee(1981)% X %&
o] polyphenol oxidase &4l ol H A -wir 25T ghil sFl+=d|, ol

el ofr- A% el sFiz A e Q) 21 polyphenol oxidase

R o -

_17_



Table 3. Deodorizing activities against methyl mercaptan and yields of

grape extracts as affected by extraction conditions

Deodorizing activity

Treatment condition . Yield (%)
(%)

Water solubles 73.7+£1.9 81.7+4.5

Ethanol solubles 68.6+1.0 39.1+2 .4

Methanol solubles 77.8+¢1.9 48.1+£3.1

*Sixty milligrams of solid content apple extracts were used.

_18_



100

80 -

Deodorizing activity (%)

20 .
0

20 40 60 80 100
Temperature (°C )

Fig. 2. Effect of temperature on deodorizing activity against
methyl mercaptan of grape water solubles.

Different letters indicate significant differences at p=0.05.

Sixty milligrams of grape water solubles were used.
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of #H e} 11 200 ofdke] wolA A A BYE ¥

wpebd, EEme) A el a4 Azgt w P gt
oEolv] QlEl A= 20T o]slel A 2 e]ldte] polyphenol oxidase?]

e WstE Fojol @ Aow yrhdn

2. 2. pH

ERE Aol A pH R oA @4 & 5 ske] Figo 3o o
Eluiclivh pH d7le] dab Eres= pH 35004 -3l &4de] 7}
dowtev, Hul pHel welelM = #Ads F A8k Chung
et al.(1983, 1984)>- &% =f4ke| polyphenol oxidase®| # % pH7}
2t7k 6.5, 6.0012} 51311, Choi et al.(1987) -4 Abxte] # 4 pH
7b 5.5 Haskelimdl o] b ARy okgte] Aolst AxtE
Ao, of= el Farel EFe] AololA i Avbeta A
vk, A5 L= o] water solubles Whizel pHE S48 R X
Sis pH 3395 LB OV o]i= Jane et al.(2002)°] A3} 94 A
ghrf. - 3o A=, 2] water soluble A7} 7F#| 51 9= pH

of “LFIelAl B it Aolt ¢lv] wWitel Lol A 44

_20_



100

>
>
g 707 a b
2 bc
N 60 .
S
'8
o 50
O
d
40 n
30 T T T T T
2.0 35 50 6.5 8.0
pH

Fig. 3. Effect of pH on deodorizing activity against methyl
mercaptan of grape water solubles.

Different letters indicate significant differences at p=0.05.

Sixty milligrams of grape water solubles were used.
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100

Deodorizing activity (%)

20 -

freéze wa‘ter spray balling  hot-air
drying  soluble  drying drying

Fig. 4. Deodorizing activities of grape water solubles against
methyl mercaptan on processing methods.

Sixty milligrams of grape water solubles were used.
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ol &afo] Alnis Al xzapel el S-S ke Figo 4o b
Chigich A el pdeld she) T285% 5 7Y
LHERSE 91, water solublevt HJuIS}SlE W Zh BISzEkAl LhERRL
b vhig s 732791 spray drying, boiling ‘2 hot-air drying©] 7
G- L5 hF o)Al F Al o] 46.23%, 31.27 W 24.58%5L & A FH U}
SEAL LRERRE

e, FARETE AFHAA A AxE R HHe b

1% e o A

Y THAA 2 14

3.1 3% 2 U] A3

EreolA A oA s A48 4E THE] 9l
WAl s gl gkl @dRks HEestel Figo 5ol deRAYh 2
= SR dAE AYeh A9 controldt MalekalE W, 4 F
oldl ghdel b4k A2lizdl el &A% 2| phenolo] polyphenol
oxidase 2 AFslolz} So 9o alo] o= Aw AbslEl AMEjE ) &)
o) geks HA ey wiiro s dhvbdich d H e

. -

S Akl S W Akt ohaba R PRl Aol

S
2

S EER e, B CatE e A S Aajete 4
© i LpERGECE Chung et al(1983)>- =34 polyphenol oxidase2] 7
10" mMe] F5ES Hobek Aal o’ Mn’, Feloll 9)ste] g
Hol Z7hakel o] Na', Hg'', Co™'ol ©la) M A& 28-& hebwt

AL WALEEdYk Cuss A4 59| polyphenol oxidasei: SHAJ s} A| A

_23_



100

a

— 80 -
X
>
x (o] b
% 60‘ | f d €
0
& —
o))
£ 9
Y 40 l h
o)
°
o)
A

20 A

0 r

Control N, Fe® Fe* Cu¥ (Ca® Ascorbic Sulfite Citric acid
acid

Fig. 5. Effect of metal ions and reducing agents on deodorizing
activity against methyl mercaptan of grape water solubles.

Different letters (a, b...) indicate significant differences at p=0.05.
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phenol®] 2bel it Frosbel /] wiito st wlvke ), Feup C at=
phenol®] AF3}L}  polyphenol oxidase®] <+ &} H Upi= phenol 4
phenol 2F3}&-uteo] wEG-o 2 3l A S LA T = AR

sk th #9l

2
T
o

] 9= controlz} vjulal9l S uf, sulfite?]

A= Azl gA]o] 7FAE) v} ascorbic acid?} citric acidyE
A el A kS v XA Ftu). o]z Hlwme] 4k}

of whit X FEol 54 wiolet Azbmlofxivk Mcevity et
al.(1992)3= polyphenol oxidase®] »F3}2t-&olA] Ol 2]&l AFs)u| o]
o-quinone & it &1 o] sk 282 ascorbic acid¢} sulfites@} -

shgl Aol ol she] AafElutaL sheleh.

3.2 84 9 Az dF
e s #E W opolyphenol oxidaseE A FdFe] -3

Al Aol v Al dES £ARSke] Fig. 6-70] dERA AT

EEERE FEY #HEmEEY polyphenol oxidaseZ H]| sk -2
o 738l B ks R ol 635 8] 13} polyphenol oxidase®] & &HE-o]

THel Al Aol A gk e, i 8, polyphenol oxidase
Cu o] -5 H kst Aalqtoll A -] FAdo] dizltnbs d7t

gy Ry e dheRsEUR C1e]al ascorbic acidi H7FSE G-

o LAl O AR 7 9-3= chlorogenic acid YFE L 3 9]

A #kA o] vlor} polyphenol oxidase ! Cuol2-& H7pgh 793z

_25_



RFelAl ghAde]l sLAl Frhsklvh o] Al AlFA] Al F ol
Sh-5- %l polyphenol oxidasel} <r&o]-, Ak Goll oAl A &
of jimo] o= An Abskyl Yefn Easty] wfi o dekElivh
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Fig. 6. Effect of metal and ascorbic acid on deodorizing activity
against methyl mercaptan of grape water extract and polyphenol
oxidase from grape.

(P: grape water extract, E: polyphenol oxidase, Cu: copper, As: ascorbic acid).
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Fig. 7. Effect of metal, ascorbic acid and polyphenol oxidase from
grape on deodorizing activity against methyl mercaptan of authentic
chlorogenic acid.
Different letters indicate significant differences at p=0.05. Sixty milligrams of
grape water solubles were used.

(C: chlorogenic acid, E: polyphenol oxidase, Cu: copper, As: ascorbic acid)
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