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Effect of Polyphenolic Compounds from Green Tea Leaves on
Production of Hydroperoxide for Lipid Oxidation in
Corn Oil-in-Water Emulsion
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Effect of polyphenolic compounds from green tea leaves and surfactant micelles on lipid oxidation in corn oil-
in-water emulsion (O/W) was determined. Concentrations of polyphenolic compound and surfactant in
continuous phase of O/W were measured. Particle size of O/W with 17 mM Brij 700 and 5% corn oil increased
with increasing concentration of polyphenolic compound (100-200 ppm). Concentration of surfactant in the
continuous phase was lower than that of control. Lipid oxidation rates, as determined by the formation of lipid
hydroperoxides and headspace hexanal, in O/W emulsions containing polyphenolic compounds decreased with
increasing concentration of polyphenolic compounds (100-200 ppm). Inhibition of hydroperoxide and headspace
hexanal produced via lipid oxidation by polyphenolic compounds in O/W was BHT>procyanidin B3-3-O-

gallate>(+)-gallocatechin>(+)-catechin.
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HEz o2 840l flavonoidF7t FE ol FH w@<edh phenol
¥, phenolic acid¥, phenyl propanoid, phenold quinone® =
o] ZFterh(10). 2ol ol HEA FAUE Fol FAsk1,
F(12,13), FAIF(14), LHE71(15), FR(16), AFEE
(17-19), @ «30) o E3t Sl RAoE Budy g}
on, A s s AEET Qeh21,22).

R 7HE A FolM, AL surfactantE PP EHA B
o] fa3te iR S, FFHAHY /s 3=
AMTE A G YJoio] AMBAAE continuous phase
oA surfactant micelleS T8k A, ©]E surfactant micelle
T2 FERAEE Y Ay FANEES A u)
ZZ:2] continuous phaseZ Hd = e Rog HIEolR
3 ATh23-25). EF a¥ A AUBAA ] Feje} Fx=o
F9-5m(26), T A EA oA E2lg phenold EHo| AL
E2X5¥ continuous phase® hydroperoxide® HolA7le 98-S
TN o|RL AiiEE Y £ de E OE 7)o
2 &84 7 UL Aol

mehr] B AFA= tannin F2HS) phenold 2] com
oil-in-water emulsion®] 43} 5 continuous phase®2] hydroper-
oxide?] Zolol #ofste] emulsion®] AH3HE AT F YEA
oF-E s B A Absle] WaEE ARt
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Az 3L

Algf 3 =

Brij 700(polyoxyethylene 100 stearylether), Folin-ciocalteu,
imidazole, barium chloride, ammonium thiosulfate®} sodium
acetate S Sigma Chemical Co.(St. Louis, MO, USA)°IA]
F¢]a A AHR-8F9 S, methanol, butanol, isooctane % isopro-
panol 5o Fisher Scientific(Fair Lawn, NJ, USA)°|A,
Sephadax LH-202 Pharmacia, Co.(Sweden)?ll4] MCI gel CHP
20(75-150 um)S Mitusbish Chemical Ind. Co. Ltd.(Japan)oll A}
Fate] AME o, 7EF Ak S5 Al ARSI
Com oil& A|ZoA] Rlele) AMgslon, st J=g 24
317] 918k 24 71 TE AREE] el K ke g M H
22 FRFE A §F ARAA AR

7171

f3t Aol spectrophotometer, Braun-Sonic 2000 U
ultrasonic generator(Braun Biotech, Allentown, PA, USA), Hor-
iba LA-900 laser scattering particle size analyzer(Horiba
Instruments, Irvine, CA, USA), ZZ&941%-2]7](Serv-all Model
RC2-B, Newtown, CT, USA) ¥ gas chromatography(Shimadzu
GC-17, Braintree, MA, USA)7F A= 2ATH

HEsietEel &7t

HAEE7S Baep o] HEsld Ardista 2EF sl
B3 2¢ g8d 9] #AlEsiHE F (4)-catechin, (+)-gallocat-
echin, procyanidin B3-3-0-gallate$} B 272 BHTE ARS8}
emulsion®l] 100-200 ppme] FE=Z H7F8HATE

Surfactant micelle2| XM=

Surfactant micelle® Brj 7002 AF8-3te] 10mM citrate
butfer(pH 3.0), 10mM acetate-imidazole buffer(pH 7.0) 9
BAANA HF F27b 17mMo] A Azsieith Surfactant
micelle MW7) oA micelles FAAFI7] flE] 108
7k 29k A7) 2 pHE A =&k

fafeyol M=

342 com oil?} 17mM Brij 700 micelleS E§3te] &
sjole] HEF A gl 5%7F =HA Az EFAL ST
% probeE Mg Braun-Sonic 2000 U ultrasonic generator
(Braun Biotech, Allentown, PA, USA)Z o]&3le] &3} X
st A z3klem, olu ultrasonicator®] AF 272 power
setting +250, repeating duty cycle 0.3%, operation time 90

oj3ict.

walY x| F7| &Y

3} Aukre] 271 Horiba LA-900 laser scattering par-
ticle size analyzer(Horiba Instruments, Irvine, CA, USA)Z A}
g3te] sk Aol HZEL 12-14pum FEHY, ©]
e Age] AY=E Fek WakA Asith

Continuous phase2| &#2|

Continuous phase®] ¥ & $8t4, fstdg d4Eg7]
(Serv-all Model RC2-B, Newtown, CT, USA)E ©]&
14,600X g& 10°CollA 3087 914 2elAR 3, A2 18

gauge needleZ 7121 SmL disposable syringe® AH&-3 con-
tinuous phaseS #33}Hch

Phenol &2 &4

Total phenol 32 Dural® Shetty(28)2] Wl Fated &
Astget =, A8 899 1 mLol 95% ethanol 1 mLe} /T
SmLE 7tate] @& EE9] # ¥, 1 N-Folinciocalteu ]k
0.5 mLE 7hske] WAA 7|3, SEZF WRIg e, 5% Na,CO,
1 mLE 7I5ke] 605 <t ALollA WXAZIE B & 725 nm
A FBEE Z24E.2m, 95% ethanololl =<1 gallic acidE
AHESE BFE oA FE Ertsiitt

Hydroperoxide2| &3

Hydroperoxidex= Shanta®} Decker] ®H(29)0.2 A% &3
t} &3t 03mLoll isooctane/isopropanol(3: 1, viv) &<
1.5mLE 713k 5 1027 vortex mixer2 & Ejtehs 34 &
38 WHEEIAL 1 460X gR 287 dAlEE] Azt faEY ©
AAML 02 mL H# 3 & methanolbutanol(2: 1, viv) £t
28mLE 7t5ted A 41o] FAch E£gelell 394 M ammonium
thiocyanate 15 uLeF 72mM ferrous8-?] 15 uLE goi FAA}7]
i, oM 2087 WRg F 510nmelM FEES S48t
%t} Hydroperoxide?] FE= & F402 sl

Headspace aldehyde2| &%

Headspace aldehydex= Mancuso 52| " (30)22 headspace
autosampler(Hewlet-Packard 19395A)% "33t gas chromatogra-
phy(Shimadzu GC-17, Braintree, MA, USA)E Z°4315dtt. ojuf
auto sampler®] Z7-& sample loop$} transfer line &%=+
110°C, bath %= 55°C, pressurization 10=, venting 10%, =
2] injection A17Fo] 1%-o|Ath. Headspace aldehyde®] W2l
65°Col Xl HP methy! silicone(DB-1) fused silica capillary col-
umn(Hewlet-Packard) . 2 #&E At} o]0 injector SE&
180°C©)1 7. flame ionization detector &%= 250°CO) AT

£ a2l
2E AHe 38k A, AL 5% ol 7F
A} Student’s t-test(31)S B3FATh

FE g

Comn oil-in-water emulsion2 25 E{ continuous phaseZ
MO|S|= surfactant micelle % phenol B &4

5% com oil@ 17mM Brij 70022 A X3 oil-in-water
emulsion?] At H718 243 A3 Table 15 7] phenol
S FH7relR e At A7E 135510364 um=E S
AL, H71EE phenold] Fo] WotAFE A7} thar 7]
' AL 2oy, AW Z7)7F 1.278- 1421 umE & 2}
ol WA 28tth 5% com oil®} 17mM Brij 700& sk
emulsion®l4] 7 #7} 79 continuous phase2] surfactant %
Table 29} 7o) 0.87+0.12%Z Yrebts, phenold SH3HE
BHT7} H7he H 7kt e 0.78-087%= tha Hole A&
e 4= 2k ©)Z3e phenolld BFES] H7bl <8 com
oile] FAell Wshrt HAYslar, o]z wistel 93] emulsion
droplet interface®] FAdell Brij 7000] ©} Wol AL E YAV
continuous phasecll Foldhs TR ko] © ol

e
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Table 1. Particle size of oil droplet in emulsion with polyphenols

Concentration Particle size

Phenol

(ppm) (Wm)

Control 0 1.355+0.364
. 100 1.3294£0.370
(+)-Catechin 200 134540373
) 100 1.322+0.354
(+)-Gallocatechin 200 1336 £0.367
. 100 1.2994+0.374
Procyanidine B3 -3-O-gallate 200 1278 40,352
BHT 100 1.407+0.367
200 1.421+0.388

HEQ Ao FZ2EJOmM, A|F2F continuous phase®] phenol
33 emulsionol 4] phenol AE-E9] & zlo|7t L= AL
surfactant micellel] ©J3t -§-3% Aojof 23t Holz} HetE|of
). Coupland S(32)2 com oil# Tween 20& ©|8-3F emul-
sion®ll 4] phenol’d EZ o] A&F14Y Ft M3 RajEn e
2% &3ZE= polarty, size, geometry 52 Aol 2j&| o}
2A velgty 238k

X& 712t & com oil-in-water emulsione] hydroperoxide
Mol 0|X|E= phenotd EBAS| A&

Com oil-in-water emulsion®ll =2}ZHE] 2%t (+)-catechin
< 100-2200ppme] EEE FH7I8laL 3047F A% 71ZPH hydro-
peroxide®] 4 FE S A} Fig. 1-A9} 2] d27+= A
%4 104737¥] hydroperoxide g#e] Z715k7] Al&Heidont A
& 20474 ¥ 2g W& hydroperoxide THS Hylon, 23
20¥ o]F F7g hydroperoxide F%e] 45 UERY f=
717e] 2047kA] 9l Aoz W= ATE 100-200 ppme]  (+)-
cateching H7Fet A7+ 1597 tlZF9} viwsly] &
A)3] W2 hydroperoxide ¥%-g JERIAR, tiZ79} npiz)
AR A 20Y7FH MAls] F718H7] AT A 2098
A tZ&79] hydroperoxide ¥#-2 3.295+0.0573 uM2ldl BIs|
100 ppm (+)-catechin A7} A] 2248+0.215uM, 200ppm (+)-
catechin 7} Alell= 1.987£0.065 yMZ B34 28 hydrop-
eroxide & UERR oW, AF 2590 AuwA FHT
hydroperoxide®] ‘¢l #AHR o™, tlFT9 6.005+0.323
uMell B8] 100 ppm FH7F Al 3.382+0.043 uM, 200 ppm H 7}
Al 334520022 uM=Z FAF)S T (+)-gallocatechin®  100-200
ppme] FEZ emulsiond] 713l 3047 A% 71749 hydro-

peroxide®] AHHFE 743 2 Fg 1-B9} 7o) t=7e &
T 717ke] 20¢7kA] <1 Aol ®lsl 100-200 ppme] (+)-gallocat-
eching H7Hst APF= A7 7|7ko] LojAE gz H)
3l hydroperoxide A&l Azt o on, A3 30U o
Z78] hydroperoxide 32 7.522£0.176 uM2IH] BI& 100
ppm (+)-gallocatechin H7F A] 5.1721+0.086 uM, 200 ppm (+)-
gallocatechin 7} Alols= 3.941+0.327 uMZE (+)-catechin 37}
Al B} B 22 hydroperoxide 82 JERAATE. Emulsiondl]
procyanidine B3-3-O-gallate2 100200 ppme] FE2 H71slx
3097F A7 71788 hydroperoxide®] AJA3#S =43 A3} Fig.
1-C8} o] i A% 717ke] 4o|A5E hydroperoxide 3
Fol F7telr] ARl oy F7kEe] vl wgkom, #74 30
AR WET9] hydroperoxide S 7.522+0.176 uMIH| H]
8] 100ppm procyanidin B3-3-O-gallate d7} A] 5.060+0.374
UM, 200 ppm procyanidin B3-3-O-gallate E7} Alol& 4.725+
0057 uM=Z H7He FF7 Xfole athx] 322 Y9tk HlaT
E4] BHTE 100-200ppme] F=Z F7bsl3 3047 A% 7]
ZH8 hydroperoxide®] %S &3¢ FF} Fig. 1-D9} 7o)
2T AA 204588 hydroperoxide ko] 43 Zv)sl
71 AAEFA S, 100-200 ppme] BHTE #7138 A37: A
Z 30Y A AR AEE] eret 27 AE8E el
emulsion®] 4k3} HA| FFA7E HolPFE & 5 AU A 30
AR 279 hydroperoxide TS 7.522+0.176 pMSI ] H)
3} 100 ppm BHT 37} A] 4.842+0.213 uM, 200 ppm BHT 3
7} Al 4.10620.092 UM HEE A1E3]) W2 peroxide
< YERNSEE BHT 23 hydroperoxide A4 e (+)-
catechin, (+)-gallocatechin ¥ procyanidin B3-3-O-gallate$} H] 3
gl o i, 2 Age AMgE =3 g 3 catechin
AEe] 37k4] SI¥HE= hydroperoxide A4 <jAlo] 433 &
7t e Aoz AGHJTH X F(24)S emulsiond] H7HE
surfactant micelle®]l €13l emulsion® Z%-E} continuous phase=
prooxidant] o)z} &ats] Yoy, ol <la] tIF-go 4
FHAE 3l A hydroperoxide?] F%7} Solciy B
3K, Nuichi 52502 f3tlio] A71e surfactant micells] £
& continuous phase® hydroperoxide®] o]’} dojutz o]z
sl Fsteie] kst AdEcky Bysgeh B AdAdn2
Ro} emulsiond] 71l phenold IFEE emulsione] A% 7)
7+ % A€ hydroperoxideZ} continuous phaseZ 2] o]z &
o o] 2 28 emulsion®] A7} A HE Row FZ3FY
t}h ol gkl FEo] ok deld phenolld B2 o) 4h3)
A 71&e] F7MAE 5 US ASE A7k

Table 2. Concentration of phenol and surfactant in emulsion with polyphenols

Concentration of phenol in Concentration of surfactant in

Phenol Concentration (ppm) continuous phase (ppm) continuous phase (%)
Control 0 0 0.87+0.12
(+)-Catechin 100 13.730£0.162 0.78 £0.05
aiee 200 30.183 0.635 0.86+0.09
. 100 13411+ 1.034 0.790.09
(+)-Gallocatechin 200 26.909 £ 1.467 0.81+0.10
- 100 7.250+£0.558 0.81+0.06
Procyanidine B3-3-O-gallate 200 14.540+0.238 0.87+0.14
BHT 100 3.112+0.351 0.82+0.08
200 6.164£0.156 0.87%0.15




22 =21 F 38132 A 36 A A 1 3 (2004
g 8
4 200ppm Catechin ——4—— 200ppm Gallocatechin

8 —-&-- 100ppm Catechin a 8 A 100ppm Gallocatechin a

7 ©  NoPhenot = : 7 O No Phenol i
e o §| e 3
= 5 . A
g 4 . ’ 4 A ’ 3
E 3 O/ * 3 o ,’ { '
[ e e

4o @8 E F Lo s ¥ F B

0 X

0 5 10 15 20 25 0 0 5 10 15 20 25 30
9 ]
- 200ppm Procyanidine -4 200ppm BHT

8 A~ 100ppm Procyanidine o 8 A 100ppm BHT a

7 ©  NoPhenol B - ©  NoPhenol )
g g 6 9
2 5 ; 5 : A
'}: ¢ & 4 A *
P 3 e © T 3 o -

s ?( 40‘”'2 e Q — o ; ?; yg o _Q‘AQ =

0 0

0 S 10 15 20 % 0 0 5 10 15 20 25 30
Time (day) Time (day)

Fig. 1. Formation of lipid hydroperoxides in corn-oil-in-water emulsions containing polyphenols.
Data points represent means (n=3) & standard deviation (some error bars may lie within the data point) A: (+)-Catechin, B: (+)-Gallocatechin.

C: Procyanidin B3-3-O-gallate, D: BHT.
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Fig. 2. Formation of headspace aldehyde in corn-oil-in-water emulsions containing polyphenols.
A: (+)-Catechin, B: (+)-Gallocatechin, C: Procyanidin B3-3-O-gallate, D: BHT.
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%52} #& 77 Hydroperoxide A4 o] w2 3k 23

7|17ke] 259, 3042 FYESE 0.113uM, 0215 uME A 3]
Z7¥81t. 100 ppm (+)-catechin H7}1e] ¢ 202712 hexanal
ol AZHA &sithrt 25U RE A7) AFsl R, 200
ppm (+)-catechin H7+9] 739 25U71A] hexanalo] HEHA] @&
kem 308 AF A= HEE hexanal¥x 0.05 IME =&
FEITt. 100-200 ppme] (+)-gallocatechin H7HAl]E Fig. 2-
B9} o] tizTtrh 209 73} Al hexanalol ZAEHYLW 100
T 200 ppm (+)-gallocatechin 71e] 79~ 20247FA] hexanal
o AEHA Ysteirt 25U FE A7) AR, Hot
¥ (+)-gallocatechin®] o] ¥&4Z headspace hexanal®] <F
< WA JERsith Procyanidine B3-3-O-gallate] 7ol o)A
% Fg 2-Cot Zo] z79] 159 Blws] 100 =¥ 200
ppm procyanidin B3-3-O-gallate 37}2] 73-$- 2027}4] hexanal
o] AEHA FUTt 25UAFE A=) AFsgr Hot
H #¥o] ¥2TF headspace hexanal?] %2 SHA UERgTH
vl 2A] BHT #H7tel 99 432 =43 A Fig 2-D9}
Zo] tiz+e= 204 A% Al 002uM2] hexanalo] A& =YL
t, 100 %= 200ppm BHT A7kl 739 A% 25U7HA] hexa-
nale] &R goken, 304 A Aol Zkzt 0,056 uM, 0.024
HUM®] H-& hexanaldeo] &St BHTOl 93 headspace
aldehyde 84 AE A7He gdreie] & phenold 33HE
B} 95381500, k9] hydroperoxide A4 Aol WE A}
g% dAshs 4745 JYepidch 2 5(04)3 Nuichi 5(25)
o ol o] surfactant micellee] H71E  emulsionol A
hydroperoxide®] =7} 2olA|H, o] Qs Akst A3} wAys)
£ headspace aldehyde®] 5% WA ZAPctn His A7}
s} FrAtslAT)

2 o

5% com oil¥ 17 mM Brij 70022 #Z3+ comn oil-in-water
emulsion(O/W)2] droplet®] Z7]= #7}== phenold] o] B
old4E A7) thd AAe ATL HYow, continuous
phase®] surfactant - th7-oll Bls) tha wolgch o/wol
EXIZRE] E28 phenolFE 100-200 ppme] FEE H7l8kT
3047+ A3 hydroperoxide®] A #E 233 A g=
T-of Hl&} & hydroperoxide $FS B fE7]|7lo] 2o
= o= UE e, phenol 59 hydroperoxide 484 A
E3=  BHT>procyanidin - B3-3-O-gallate>(+)-gallocatechin >
(+)-catechin®] TMZ vrebgth A Absle) A3 By
aldehyde®] @S FHTOZAN MATE ZH3] 9s)o]
headspace hexanal ¥& &% 23}, &7 15974 hexanal
o] A&HA &%t phenol H7HE 203092 headspace
aldehyde®] BHE7|7k0] Aoy, w57t Z71d4E e
S YERARITE Phenol %9 headspacealdehyde 484 1)
E3%  BHT >procyanidin - B3-3-O-gallate > (+)-gallocatechin >
(+)-catechin®] A2 UElsiT),
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