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5% corn oilZ 17 mM Brij 70022 AZ3 oil-in-water emulsion(O/W)ollA 3] Y& surfactant’} phenol
o] A7k O/wWe Asle) WX FFL Uolur] 131 Brij 700 0-2%2 F=E O/Wel| AR A9, I
7F8 surfactant®] %] ZFIIAGE droplet?] particle sizes AX+ 73S VER)SITH 3§ continuous phase
9] surfactant FE%E S01AH phenol FF= AFOoE ol AL ¥ 4 JUth. Phenoli7t 100 ppme]
FE2 371 o/well 3] surfactant(0~2%)8 F7HEL 3087 AR 71708 hydroperoxided] BAFS &
A% A, 2T ¥ & hydroperoxide ¥FE B surfactantE: A7} & A7) FARE ARS
Hgo1}, hydroperoxide FHE surfactant® F7I15HA 2 AP7 Hr) ¢ W& kg Yehl3ith. £ phenol

=
FF 4

surfactant 552 hydroperoxide 444 &9l headspace aldehyde 44 <A &E3= BHT>

procyanidin B3-3-O-gallate>(+)-gallocatechin>(+)-catechin ¥ 2%>1%>0% surfactant F718] ©AE el
o]81g A3+ phenold 227 79 surfactant micelled] ¢]3] emulsion® Z3-E] continuous phaseZ.
hydroperoxide®] physical location ¥3}7} Ylsl= AL vehdc},
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31= tannin 2] polyhpenol & 2838l com oil-in-
water emulsion®. =3B continuous phase® hydroperoxide 2]
Hololl FAJte] emulsiond] AEE AAL 7 YA AFE
Rl B A Aksle] WskE AHBIT

=1355]
[=J—|

HE ¥
AJ. Brij 700(polyoxyethylene 100 stearylether)< Sigma
Chemical Co.(St. Louis, MO, USAYIA 7434 AR-312,
SEFRE AlTelA Fist ARGt er, Alst A=E &
As) Sk 22 7ltE ARE] Aol g #ilem Al
5 22t FFFE AES T A2AA ARSI
Surfactant micelle?] A|=. Surfactant micelle2- Brij 700
AbE8te] 10mM citrate buffer(pH  3.0), 10mM acetate-
imidazole buffer(pH 7.0) 5ol E4MAA HE T30t 17 mMo]
HA Az3ATh Surfactant micelle A ZRE7] 9] A
micelleS F4A1717] 918 1083F Wt Al71aL
Bl g
fade Az F3tYe com oil#} 17mM Brij 700
micelleS EFsled flde] FHF AW FFol 5%71 HA Al
z3gty. EFAL ST XF probeE FZ3$H Braun-Sonic
2000 U ultrasonic generator(Braun Biotech, Allentown, PA,
USA)E o]&3te] &9 Aejste Alxsiom, ol
ultrasonicator®] & F 712 power selting +250, repeating
duty cycle 0.3%, operation time 90Z°]%t}.
HE3HE 9 A% surfactante] 37}
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H=o] H7FA emulsion®] Aklel| mX:= surfactant micelle®] 43 73

9] #=88E & (+)-catechin, (+)-gallocatechin, procyanidin
B3-3-0-gallae®} W22 BHTE AHE-3Fo] emulsion®] 100
ppme] T8 H7lsllom HeFe] surfactant= 919 2ol Al
2% emulsionl] 0~2%2] F==Z micelle®] He|2 H7laiict.

frsl Apge] 27] FY. G5 Ao =271= Horiba
LA-900 laser scattering particle size analyzer(Horiba
Instruments, Irvine, CA, USAYE ARgsle] 24381990}, A+
o] AL 13~14um FEA, o] #E o] JYHe= F
QF WakAl et

Continuous phase®] ®2]. Continuous phase®] F2|E ¥
to], f-3lele AAEE 7] (Serv-all Model RC2-B, Newtown,
CT, USAYZ ]88k 14600 g% 10°CollA 3087 ¢4 &
ZA1Zl 3, FHNE 18 gauge needleS 714 5mi disposable
syringeE 2851 continuous phaseZ #2343t

Phenol &% 3. Total phenol & Dural} Shetty¥2]
Wl Eatel S48t =, AE 8 1mill 95% ethonal
1m/% FFF Smis Tteted @ EE
Folinciocalteu A12F 0.5 miE 7Fsle] whYAl7] L
ThE, 5% Na,CO, 1 mig 71ate] 600 E<QF A-2ollx] WAl
Aot WA F 25N FFEE SASAST, 95%
ethanololl =¢1 gallic acidE ARE3F HFE =4 9
3}5Act.

Hydroperoxide®] Z7%. Hydroperoxidet= Shanta®} Decker
o] yo 2 A#k i), §89 03 mkl isooctane/isopropanol
G:1, viv) &9 15miE 713 § 1027 Vortex mixerZ 2
Eiehe HA4E 38] wHESIAL 1460X gR 257F dalite] Al
Aok ddEE @ dRANE 02mi 3 T F methanol/
butanol(2: 1, v:v)& 28 miE 7iske] 2 o] For). &3
ool 394 M ammonium thiocyanate 15 /9t 72mM ferrous£
N 15wE ol LA, deolA 2027 WAF H 510
nmelM FFEE S4391
Hog BAlslsd

Headspace aldehyde®] aldehyde =
Mancuso 59 WH'WO R headspace autosampler(Hewlet-
Packard 19395A)2 "33t gas chromatography(Shimadzu GC-
17, Braintree, MA, USA)Z =43IHTh olul auto sampler]
Z7-2 sample loop®} transfer line %+ 110°C, bath &5+
55°C, pressurization 10Z, venting 103, 22| injection A7}
o] 1]t} Headspace aldehyde2] 2]+ 65°ColA HP
methyl silicone(DB-1) fused silica capillary column®. 2 £
QA k. ol injector =X+ 180°C°)1 3L flame ionization
detector &%= 250°CeI)T.

A Mg, RE A 305 ARSI, FAENS 5%
o] 4ol Student’s t-test'"Z HISIT)

. Hydroperoxide®] &%+ I =

Z7%. Headspace

#7 9 a
FFe] curfactantE HF7FSIEE W corn  oil-in-water
emulsion®] X continuous phase®] surfactant micelle =
phenol F W3}l Fefe] Yo surfactant(0~2%)8 713k 73

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

Concentration of added Particle size
Brij 700 (%) (um)
1.335+0.364
1.385+0.429
1.436+0.536

1.326::0.383
1.421£0.504
1.415£0.526

1.301+0.368
1.366£0.414
1.387+0.422

1.3314+0.381
1.339-£0.389
1.381£0415

1.411£0.396
1.425+0.473
1.422+0.364

Phenol

)

Control

(+)-Catechin

(+)-Gallocatechin

Procyanidine
B3-3-O-gallate

— Do = o = D =S =

BHT

(S}

*Tnitial concentration of phenol compound was 100 ppm.

2 Table 191418} 7+o] droplet®] particle sizes F H7bie
FEEE 1301~1411pm AEH, H7FE surfactant®] o]
Z7VE5E 1381~1.436 umS 2 AAE AW eI 3
gke] 9Jo] gurfactantZ} oil-in-water emulsion®l] FlX|= Q&S
A E7] $lsted emulsiondl] #HEe] surfactant(0~2%)& 715t
3 continuous phase®ll =A|3H= surfactant micelle?t phenol
TS =A% 23 Table 29 2ol H7HEE surfactant]
o] Z7FaFEE continuous phase®] surfactant FEE FORAH
phenol HEE AAoE ol AL & F ATk o] 2
o AFE oil dropletS ETANL F2 HH2] surfactant”h
micelles FAStL 9o, ojw] H7}E phenol®] Y7}
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P Cho 59¢ A0 surfactant’} oill) 718 prooxidant
¢l ferricS swfactant micelle 5o F-H33L continuous
phase® ©o]E3h}al Busielon B A3 E H7Fe phenol
que] AR7L oldt ko] surfactant micelle®] Witol Ag
® A2 continuous phase® translation® & I}

Corn oil-in-water emulsion®] A3}l W= Surfactant®]
g8, o] surfactant’} corn oil-in-water emulsion®l] V]3]
v 92 AR fsie] H7Fe] surfactantE: 0-2% SR
emulsion® F7F8FT hydroperoxide &g 243t A3} Fg. |
I 7o)l 7 EE surfactante] FEFo]l ZolALE A FE
hydroperoxide®] #&2 Wold= Zio2 AT Nuichi
502 ko] surfactant® 71 salmon oil-in-water emulsion
o|4 emulsionZo1A A/d¥ hydroperoxide”} continuous phase
2 translation=©] hydroperoxide®} o] wrolzltial W s}
gjom B A8 com oil-in-water emulsionolA1%E 22 A}
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Table 2. Concentration of phenol and surfactant in emulsion with

polyphenols and exceed surfactant

Concentration of added

Concentration of Phenol in

Concentration of surfactant in

Phenol Brij 700.(%) continuous phase (ppm) continuous phase (%)
0 0 0.87£0.12
Control 1 0 1.99+0.21
2 0 2.9610.18
0 13.352£0.425 0.861:0.09
(+)-Catechin 1 17.084+0.330 1.96+£0.21
2 18.304+£0.423 3.01£0.19
0 11.110£0.436 0.81+0.10
(+)-Gallocatechin 1 13.039+1.453 1.92+0.11
2 15.0021£0.427 3.00£0.13
o 0 7.342+0.524 0.82%0.11
pyoysnidine 1 9.683+0.096 1.91£0.09
g 2 14.904£0.382 2.89+0.08
0 3.112+0.351 0.83£0.10
BHT 1 7.156+0.245 1.48+£0.05
2 9.883+0.157 2.77+0.09

*Initial concentration of phenol compound was 100 ppm.
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Fig. 1. Formation of lipid hydroperoxides in corn-oil-in-water
emulsions without phenols.

*Data points represent means (n=3)* standard deviation.

*some error bars may lie within the data point.

9] hydroperoxide Al PlXe G Lol r] Asted 30U
7y A% 717P48 hydroperoxide®] A§93-& =743+ 23 phenol
4 EBHES VA @2 dEzT e AR 10d93%H
hydroperoxide $t%Fo] ZF71sl7] Alzhete] A} 20U ol F
hydroperoxide /30l FAsA A5a UeERo] F= 7]7ko)
20¢7HAR] e & FAEIQITE. (+)-Catechin®] 100 ppme] 5%
2 71 emulsion®] 7% Fig. 24+ 7o) o] surfactant
0~2%)& H7Fet A7 53] A 307 = ot ¥
st @A 2 hydroperoxide FHS UER|ACH,
surfactant 552} hydroperoxide®] A2 ZA| o7} vix] &
ek A 2044 )29 hydroperoxide THFS 3.893+
0.183 uMRIE] BIs] 100 ppm (+)-catechin®t H 718 emulsion®]
A& 26611£0022uM, 1% surfactant micelle H7} Aol &=
2.598+£0.057 uM, 2% surfactant micelle 37} A] 2.399+0.155
UME B2 k& hydroperoxide TS UER)SIoH, Hrtg)

+ surfactant micelle®] 557} ¥oF2 9% hydroperoxide] &
o] Yolxle A& & F AUtk (+)-Gallocatechin®] 735
Fig. 2B} 70| (+)-catechina} w172 &9l surfactant(0~
2%) 71 Aol A 30AA7IA = =78} vlasle] §
3] & hydroperoxide $HFS VERII O, surfactant F=
7} hydroperoxide®] A3 thi Zpol7t wrh #4174 2094 o
Z7-9] hydroperoxide % 3.893£0.183 uMell 1]} 100 ppm
(+)-gallocatechin¥F 3 7F#l emulsion®l| 41+ 2.82210.057 UM,
1% surfactant micelle 7} Alol= 2.536+0.037uM, 2%
surfactant micelle 7} A] 2288+£0094uM= #H7lE+=
surfactant micelle®] F%=7} ZoFA<E hydroperoxide®] o]
wolxlE AL & = AT Procyanidin B3-3-O-gallate®] 73
£ Fig. 2C9} Zro] ©& phenol 23 w7 IAE e
surfactant(0~2%) H7FE AHoIX A% 30dA7A = vz}
H| 3t HAF] W& hydroperoxide dFES e S o,
surfactant 557+ hydroperoxide2] A2 o)zl A glgle
), FJ7IEE surfactant micelle®] FE7F Hold4E
hydroperoxide®] $Hgo] Wopdovt a2 2 wje- Zgit} Hiw
T2 AMSE BHTS 7% Fig. 2D9} o] 32} surfactant(0~
2%) 7K AgelM A% 304A7IA = oo} vlasle] E
3] w2 hydroperoxide S-S VFERAOH, surfactant 5%
7+ hydroperoxide®] A2 ZA Zfol7t wrh A% 2064 o
Z7-9] hydroperoxide €% 3.893+0.183 uMell ¥l 100 ppm
(+)-gallocatechint 7}l emulsionolA= 2.537+0.149 uMeIA
o} =3 1% surfactant micelle 7] Aol 2.281£0.157 uM,
2% surfactant micelle 7} A] 1.807+0.096 uYMZ F 715 &
surfactant micelle®] F%7} FOFETF hydroperoxide®] $d<|
WolrlE As & T Ao, k= surfactant micell®] ¥
Z=7} EolA4E hydroperoxide®] AAJHEE FA| o7t =
Aol FEHAT. A7 surfactant micelleHe] FE 2G-S

BHTO] <3l (+)-catechin, (+)-gallocatechin  procyanidin
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Fig. 2. Formation of lipid hydroperoxides in corn-oil-in-water emulsions containing phenols.

*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. 3. Formation of headspace aldehyde in corn-oil-in-water emulsions containing phenols.

*Data points represent means (n=3)*standard deviation.
*some error bars may lie within the data point.
A: Catechin, B: Gallocatechin, C: Procyanidine-3-O-gallate, D: BHT

B3-3-O-gallate®} H]wsled o 938130t} Cho 52
of #A7}E  surfactant micello] 28] emulsion o E¥E
continuous phase® prooxidant®] Z1o]7} ks Uoju}z, o7

emulsion

A

ole -9 45548 fslollA hydroperoxide®] ¥}
stolzltks BIsglv Y Nuichi 5092 #3ho] 7k

surfactant micell*] ]38 continuous phase® hydroperoxide£]



76 ZGA -

oy

it -

e

3

Fol7b dofuar o]z Q3| fajte] Akt A HR T B
sidch 2 AdA#Z Hol emulsiond] F7ME #3ke
surfactant micelle®] phenol’d E2¢] solubilityS ¥ Fof
emulsion droplet interfaceo|4] phenold+#-2] F&S T& =9
T A9 she AR wdo] HAeH, E3 ofv] Ade
hydroperoxide= continuous phaseX™ translation A]Z ©.ZA]®
emulsion F-912] oil droplet®] 4Hlell kS vXA] EsAl 3t
7] WEog FAFNRT, o2 U emulsion®] AFs} A
Aog FZEat .

Phenold E2o] 71 emulsion®] 7 717+ 5 headspace
hexanal®] AAdo] WX surfactant®] 9% Phenold EZo]
A7F¥ corn oilin-water emulsion®] A &9  surfactant
micelle %7}7} headspace hexanal AJ/doll PIX|& FaFe 2
¥ A3} Fg 33 7o) F71Ee surfactantFo] ZolERE A
== hexanal®] F= w9 2R AT 7 UL, FHIF
¢ R fx 717 1590w (+)-catechin, (+)-
gallocatechin, procyanidine B3-3-O-gallate ¥ BHT J7bF&
7z 209 B 259U oA Ak oA Es) Holde &
I A%t HUIEE surfactant micelle®] FE7} SolAS4E
hedspace hexanal®] o] HolR= A & ¢ UPow,
phenotd &2 2 surfactant F-H7HEQ1 t&77F A7 2094
FE 0034 uM2] hexanalo] FEESAL phenold =32 A7t
siont HF surfactants: H7IBHA 942(0% H7HH) A8
o] A7 2094 hexanalo] HEEHA] Fkort A 2597
HE hexanalo]l A&t (4)-Gallocatechin, BHT #7192
739, 1% 9] surfactant micelle®] H7}E A7 30457}
Al hexanale]l A& AEFHA 2%om, (+)-catechin}
procyanidin B3-3-O-gallate = 2% surfactant 7} Aol A%
309 59 hexanalo] ZHEHR] ¢ho} A7t B Aol HA)
o H7IEE surfactantdfo] 1-2%2 Zold4E AkstA|
'37F 24 Yehe AeE gR1EJTE Cho 5% Nuichi
59 &9 surfactant micello] F7FE emulsiondl] A
hydroperoxide®] ¥%7} WolR|H, o] = Qlal AksleiAl|7} Yo]
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Effect of Surfactant Micelle on Lipid Oxidation in Corn Oil-in -Water Emulsion with Phenol Compounds
Young-Je Cho*, Byung-gyu Kim and Sung-Sook Chun' (Department of Food Engineering, Sangju National

University, Sangju 742-711, Korea; 'Department of Food Science & Technology, Yeungnam University, Gyeongsan
712-749, Korea)

Abstract: The purpose of this research was to determine the effect of phenol compounds from green tea leaves and
surfactant micelles on lipid oxidation in corn oil-in-water emulsion (O/W). The concentration of phenol and
surfactant in continuous phase of the O/W with exceed Brij 700 and phenol compounds was measured. The particle
size of O/W with phenol (100ppm) increased with increasing added exceed surfactant (0~2.0%) and the
concentration of surfactant and phenols in the continuous phase higher than these of control. Lipid oxidation rates,
as determined by the formation of lipid hydroperoxides and headspace hexanal, in the O/W emulsions containing
phenol compounds (100 ppm) and exceed surfactant (0~2.0%) decreased with increasing concentration of exceed
surfactant. The ability of the phenol compounds and exceed surfactant to inhibit hydroperoxide and headspace
hexanal producing as lipid oxidation in O/W was BHT>procyanidin B3-3-O-gallate > (+)-gallocatechin > (+)-catechin
and 2% > 1% > 0% of exceed surfactant. These results indicate that phenol compounds and exceed surfactant could
alter the physical location of hydroperoxide in O/W.

Key words: phenol, emulsion, oxidation, surfactant micelle
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