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Mechanisms of Lipid Oxidation and Free Radical Scavenging Antioxidants
in Bulk Oil and Emulsion Systems
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I fARIe HiZUE

FAERE A ipid) 3} Atole] Ajoln). &3
EXAMTO] YFaita T2 skl A%
&b AiAoR 2 At kS Ad 83
22 FATE A AE 59 olF9} #R19
2315131 Aol WslsiAl Ftk1,2). sR4kER=
ZFEAksKautoxidation), YZ8akAaol o3k Absl(sin-
glet oxygen oxidation), &4 E3] 2]ZAJA|Y0)=
(lipoxygenase)ll ©|& Aks), 1.2 71gol 28t fgt
#]2)(deep-fat frying) -8 EFHCE olF AHe4t
37} 71 718AR1 Akt WighiEe] 718S Al2st
H BF2 Ukt digpgoe] Al Bixow
AETH3).

AeAshe fElE)zZiadv-2(free radical chain
reaction) ©]2} E-2]™ 7JA|(initiation), K propaga-

*Corresponding author: JaeHwan Lee

tion), =7 (termination) ZG S = thd 4= dck JlA]
= felEitd AAGAIEA EXSAKLH)
|4 initiator o] Fe3lel] FAURY - HY7}F AjA = o
ddzlriz(alkyl radical, L - )o] AAEE FAo)ch
ojwj initiator £ &F& T e &, 2%, FEHolR 5
o] 8Rlo] B3O EASHA =Y MAIGA 7L
2Rtk HupdAlE AAdE Szl Asaitka
7} Al {2 Z(peroxyl radical, LOO -)
o] @ ¥ F9¢] EXSFMHLH)NAN FadAs
sl slo| =& #2Alol=(hydroperoxide, LOOH)
7} AQEEA A= dEt)Zo] IR sk
GAloltk ol slo|ERuEAlolEE ARSI
Bolg} 3P o]&0] B-scissionol] 23] Ea=lo] Ath
o EAe] AL Zhe gFE, dHslols,
AL, |2 Fo] ANE 4 Jrk Hon} ¢
#o]23} 72 transition metal iono] dlo] =22
AfolERalol] F23 H&E gt FHAAE =)
tz7)E] dgste vigitize] AdsEe AR T8
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WAL

LHummap L+ + *H = |00 + LOOH e LO...OH

30,

(polymerization)ol] 28l v¥x2 E&3l tiokst Ak
sHAdEC] A9E F Atk

LFEAtR0l A% Ak 3] T AEEitart
opd AtiF o R FAURE Zhe UF3Hikiol <%
AHglE AFlME 23Rl (photosensitizers) 7} 7HA]
FAel ZAFAE Wl 2 BAEA Hh AASA
flo] A4 slo|E2HSAle| B8 AAIE 4= o] 4
o r Ashlg&e st wE Y 1).

a0 2f3k AlslE o)A e] 274 o) EAlSE
eSS o 2 sl 2lEAIAU 024
oJ gk Abs7 thsE Aol 2pEakske)l F3 Bg S A
=tk FEAEE 2o o3 Auilsla i €]
3 7iEsl(hydrolysis), 4F8Koxidation), %34,
pyrolysis 5] FAlell BA¥s XS 7} of-¢-

W2 TH(1-4).

—

2. FUAMWPIHE

rksiAl = Absh AU Sl el e 4 ok A
W SO S g E R MYste MY EE &
28 AR HLAJIBLOO - ol MR 2 42
UAE Algale] 27121 AbsheE AAgk= felEi
ZH-AA(free radical scavenger, FRS), Y58HtA
2 g2 & 3o AAske YFTIRLT]
A, APstel] F8 28l AEE she w@dolE

AH
[ =]
LH Metal
L- |
gy
oA 4
FZ24

& A A= F40l 24 A Al(metal chelator), tHAE
A7leke 27, AN AFAAES AASH: 4
SHORELE Sow 1Pl k).

# &4 & d(phenolic compounds)<] WA (ben-
zene 1ing)®l| 3}} ©]4F] hydroxyl groupS 2=
S 53 0% 3= FRSE A herb, A4, A4 Fa)
ghatsls Sy B4 thiF-2 X8l Tk Epi-
catechin, quercetin, rutin, lateolin, catechin, cate-
chol 5] AR +32E8 250 Jlom B3t olE Hie
FZE 2702 tert-butylhydroquinone (TBHQ),
butylated hydroxyanisole (BHA), butylated hydrox-
ytoluene (BHT), trolox (phytol “IEF°] §1& a-toco-
pherol), ascorbyl palmitate (palmitate 7} ol ~E| 23}
= ascorbic acid), propyl galate (PG) 59 ¥4
AFSEA| 7 e A

HEAQ dFFatd AAXEME o)FAdE o
4 348k 7L E] o] S(carotenoid) A 7o) B IE
Qo o)A 57 BE 5 O AR 45
ke 2ATE Bol F3L AUk

AF FAolE F&olo] FHyEo] itk SElEH
o] 735 79} Folo] Z+z} 9.8 ppb, 730 ppb &
Sxlo] 3 A2 z}zH 16 ppb, 1160 ppbE H7
HRom olEe] EAl= S W AAE L
ok thE A9l &) A AAE At B A fE
A, bR I feA), EDTA, 9% Z2j9E, o)

P
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At 2 transferrin, ovotransferrin®} 7+& thifao|c},

3. 71 g WpEHE olEe] e

T 2. YM3EEQ bond dissociation energy compounds (kealfmol)

Ascorbic acid
Dehydroascorbic acid
alpha-tocopherol

69, 83
71

71.1, 78.87, 79.30

A AYUSE BEZSA Y 2k0e] BAE 7] beta-tocopherol 80.20
¥ TZE 81 31514 potential 9152 AHEO] $& gamma-tocopherol 80.04, 80.10
o} FRS®] 3418l &% one-electron reduction  delta-tocopherol 81.62, 82.20
potential 7} 2k4 & ghae) A¥Ho Qe $247F  BHA 77.20
2] bond dissociation energy(BDE) 2}0] 5] 38t Biacylic hydrogen at C11 in linoleic acid 75-80
Z potential 2 WH=o] Pk oJ& o] tWHEESlL  Allyic hydrogen at C8 or C14 in linoleic acid 88
Alkyl hydrogen at C17 or C18 in linoleic acid 101
B 1. SISI8E0) BE MAHATEIL(MY) pH 7.0 BHT 80
HO -, H' / HuO 2310 Cafferic acid 81.21
RO -, H' / ROH oo Mreetin 8148
ROO -, H' / ROOH 1000 catecol 81.80, 82.82
Astaxanthin 970 Que'rcetin 81.98
H0y 2H, O; -~ 940 Rudn 8215
GS - /GS™ (Glutathione) ‘ 920 Eeslmdm . 82.65
beta-carotene 840 ydroperoxides 87.49
Kaempferol 750 Phenol 9040
Hesperidin 70 Ethanol 105.40
Luteolin 600 HO 118.00
Rutin 600
i:ﬁc';cfi / PUEA 2(9)(5) Zksk peroxyl radical, alkoxyl radical, superox‘ide
Catochin 570 anion, hydroxyl radical®] one-electron reduction
Chlorogenic acid 550 potex}tial—ﬁ— Z}?} 600, 1000, 1600, 940, 2300 mV.
Caffoic acid 534 2, 8832 TR AMEE7] HsiAE 600mV
. B} golo} ] cylBESR|WAbEG o e f
Catechol -, H /Ca:echol 530 182 ATIBS AAsol T HEH FABHIZ 7
:;::fhemxyl "+ H /-Tocopherol izg Z= %] o} gkt}. tocopherol (480mV), asc_orbic acid
Myricein 260 (282m\f’)‘% EHEZ?_"J I_JRS olck. AT HE %ﬁl
, A 4B §839] 3Mlsle-S Kol phytochemicals
g?;fe;f/ 10, HO - Zig 9] one-electron reduction potentiale} 600mV Er}
Ascorbate «, H' / Ascorbate 282 S E}Sdt:}-(ﬁ D- _"{b{'} BI'DEQ. 73%
) Os. - 330 polyunsaturated fatty acid &2} 34! llflOlelC acid
RSSR/ RSSR- - (GSH) asp )V RF aaEAE CLTLZRE A7 o 75-
80kcal/mol 2] o\x]|7} Q7= X%t t¥-+-2] phyto-
H0 /¢ 2870 hemical S ojHt} ¥& AHA447F BDEE Ho|
N
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3 S5l GHATS)NE 2).

ol9} 7+ d#o] B = 3}18ha] X wEo| HrjZ <)
FAstase] Arrt obd 7isAdol st g 9
ie=s

Bulk oil 2 f3Vdel 53] £5-748 F3k0/W
emulsion) o] Ak8}& L gl Abslo]] J3Fg v 891
2 w9 tETh A QIok6). TEEF A9 antiox-
idant polar paradox#h= dAto] R EHA 7]& A
SHAUS B RAUS] dist A4S ok &
€87t 2=t} Antioxidant polar paradox 2t =
AE H= 327 bulk oilol A A=) 940
S ¥ISAE 2 3RV 5R-AE fatelol
A dbskeol SR FdS AN6,7). A AF
2 AR A ikslsg Holy Bae] ghalsia) &
&5 T3] 39H4¢1 2| 2] one-electron reduction
oxidation potential®} BDETFe 2 Am = 4 gl
Fol EABIHA olF Hdsh] S8 MRS o2
o] BQ3tA HYrh

2 A= 71E A yE 9 sl Ee
2 AR & Qe RS dash) A8 32 vaod
bl P s HEAE s B3 3 st 2y
W g BAHOE it AHOR #X), 5577
2 gl el oS B P AE

3. 7R 3 IRl Y EDEH 9)

I AE WESjA ot FF
. Bulk o9 XLt HPiHE

AAE 28719 99% ol shte] FEAES
3702] RHPake] ester 23HE triacylgylcerol 2 A1 5
o 9tk 71Ee] Aie TR o] A= A
9 o|FAYe] Fx, EXSE o= FA9] Akt
34g At siack ol e dgkel Mt S
TE BT E Ve R Sl BRI
AvshgERe) B, Slo|E2@WEAeE B 58
23 Apaks) mlghdse] 5 7] ARtk

Ho}h et 5497717} s w|A| g kA
4 7PE3 o] EUETEA Uit A8-fAe] A
Fof] SA4AZ olglel] AR, Fo|EXAHE, EFF
E, AR 48, 50 To] AgolAY A
FRl A A o] HUSATHE 3). F8-2] 49 oF
200-800 ppm ] free water7} AFE- &) 8-FAjollA] ¥
A o) ehake: T4 olele) viapRe)
F BATE D2 = Aol ASEAk FElAAE

o HZ Ui

rlo

o T
Components o) -5 G FhEebs i Fulelrl§
24 HC}» AA 2] 13,} A 22 Ho}- ;zg A A rg- ol ,q] ,2_2] ”«:} 7!51 21]
FX (%) 95-97 >99 NA >99 NA >99 NA >99 NA >99
0.003 0.006
12| (%) 1.5-2.5 0.7-09 NA 2.7-35 NA 0.012  0.5-1.0 NA
-0.045 0.013
T (%) 0.3-0.7 <005 0937 <005 0410 <005 2050 <010 0824 <0.05
EH3E (%) 1.6 0.3 NA NA 0.5-1.2 NA NA NA <13 NA
~ 0.036  0.011
o EAHIE 0.33 0.13 0.37 NA NA NA NA NA
-0.062  -0.016
EE 0.15-0.21 0.11-0.18  0.11 0.06 0.06 NA  0.06-0.10 0.04-0.06 0.5 NA
Hol& (ppm) 1-3 0.1:0.3 NA NA 1.5 <0.1 5-10 0.12 NA NA

FEol2 (ppm)  0.03-0.05 0.02-0.06 NA NA

0.1 <0.01 0.05 0.05 NA NA
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510| E2 5 S AH0] £(LOG

T3 2. Water-oil EHO|A{Q] Xjutris] abad7 |z

5ol wet 0.1014 3.9%7HK] HE=™ diacylgyl-
cerol R F31-7-2] 0.8% N4 B-Hit L2]Hfo
A= 5.5% o EFARICE 3Rksls-S Hol= 79
EFAES A% SABRT ABERIAAS $A4)7)
7] 93l ANF o2 Frs|E itk

71& AFeAE A=Y o] E minor com-
pounds &} AH3REYAdel] thek HYo| AL EHA
71E o|BF= UE Aol sk =tk

MBI AFER =o] 315k X ERke 2= A
T T gl o] EAHUA EXsA il ks
ofe] Ag # ofe} o ¥hgo] S A, o]
= reactants 59| ¥hAdo F3E VA F = 3
820l st A77F JAHALE Akst SRSk
AR oil-water - air-0il 7+9] interface 7} -2+t
O o]E active sited]] TJdh= Q0159 Ea)s}
SH] @go] AP G vXIte o]&9] A
Z1=ct EAskA7E A% E2lE d4 2 org A
o wet 2" AbsiEgAde] gl 7Y &
¢} antioxidnat polar paradoxol t)3dl o232 o)
7Fs3HAl HATKS).

Water-oil interface ©]2¢) 93l A §X)o =

S E xH 2

SHojEE X SRR

k-

ol

AN3ET QY 23} amphiphilic compounds$! 2]
Z|8FAE mono-, di-acylglycerol, QIA1A So] Agkst
of reverse micelle 59| association colloid”7} A
2 Akatslr} ol oA wAgtE Aot R
14 mono-, di-acylglycerol, 9122 €] HLB(hydro-
philic lipophilic balance)+= Z}2} 1.0, 1.8, 3.4~3.8,
8.0 FEE HIHRICL ol ol E2o| A 2
313} reverse micelleS FAT = I Yv|sick
FEolE2 AN E AY AR Fovt 7
Aol Me s E5slEA S|t SA|E &
e K3l AslE 2 T & UTHTIE 2).

o] o] 22 E-31H AukRA|9] 7 84 Flst
A7} A4 dtsiAel vls) B 7 A T
¢] antioxidant polar paradox & W75l Lyt
$A)&¢] =8, amphiphilic compounds 5ol 23]
reverse micelle 7327} A 4841 shilslA|l=
o]£ association colloid 2 FEEHA Aksiby 2+
2ol 71A Ho] fA2Ze] FF 74l
71 HhHe fX&o FEF £33 e ALA
3} A E1A) -2 association colloid EHA] LAY 5)=
peroxyl radical #2] HE7F5/d0] o} kst &

o|N
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o] HAH
o] olEL FE PgAe) mi¢- A2 72 Z deep
fat frying @ 228 Aslof A= AASA] 98 4= glo
2 WE RS sl g U1 oIl gl &

Aol ek
2. TEHEY fAANMY XL HFHE

FEPEE QuiAlel A HT SE fekleie
32 271 olage] 2714 2lo] Blsl o B
AEIAIES HolT Tk YisAINT 47 B
o He £5448 Feiolo) AsRVIS) Sl
290l 23]2) B Ec) ol Akl minor
Z EYY BRE] 2528 f3ldoE F0
NHER 0002 BEHS AT, SRR
o) B f3Iolg PAGE flparticle )
245 WY WA} on mah Eelel pH,
ionic strength, A2 %, AM2H f3iAe] AF
charge, packing parameter 52} 3] 2tk6,8).
QA FLaA, $5RHE FIA TN
F8 Anlslatl A= water-oil interface & 214

a) q Q b)

?
,

Py — |
T

Q‘\ phenolipid

TElHoIM EAEIHIC] non-polar chain Zi0|0f ME ABIHIILIE RO

’Z F2H

a2 4. $ERNE

Rosmarinic acid R=H
Methyl rosmarinate R=CHy

Butyl rosmarinate R= (CHy)3—-ClH,
Octyl rosmarinate R= (CHy)7~CH;
Dodecyl rosmarinate R= (CHy);;~CHgy
Hexadecy! rosmarinate R= {CHy)5~-CH;
Octadecy! rosmarinate R={CHy,-CH;
Eicosyl rosmarinate R={CHy)s-CH;

2l 3. EADRUIOIEE 23! phenolipid

202 Hr1et fapAlol sl YRl ek Al
7+¢] induction period 7} ¥ association colloid 4§
Ao] olm] ghulE AE)7F At webs] fsleoxe
XA 0 7 AEEL 7} bulk oil B WEA Foh

# <t phenolipid=} & EZe] o= el
A9 ghitskA] H7h S :rL7} oAE 7IAAR] A
& Ho| 7 9} Phenolipid  phenol groupoﬂ non-

polar chain®] Zo)& ge|ale] ¥S4EE 23]

ol
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%3 -t w= ezl

A8 FAd¥ E2Z rosmarinic acid, chlorogenic
acid, hydroxyltyrosol o] &&%7 JtIg 3).

ol5g B4 Y] ATA) Sla 3
o)A E:k8lA) €] non-polar chain®] Zolel] wla} 3}
A¥sl &) non-linearshA| VERH dA $52] &
A Aolg Zhe sz A9 shilsl a5
HolA T 4).

18] I8 40M a)9} o] diEIAIS] non-polar
chain Zo]7} 22 7394l FAHEIF FTH x5}
2| Fap c)oF o] o7k vF- 71 ol AU
o EEsl FAFHA A DAYBH= Slo] ZZF 2 A o]
Tote] gh3Ado] 7AstA =M H A3 dolE Z=b)
o] 7%l A8t 237} A7} Aok Aolth9-11).

kA o] FFoll whEt 2o ksl B8-S Ko
+ non-polar chain®] Zo|= EA|H hydroxylty-
rosol2] 73-%- 871(9), chlorogenate(10)9} rosmari-
nate(11)¢] 9ol 12742 874¢] Zol7h H=olg)
+°] B EIc} Phenolipide]l oj%F A Axk= 3
AL fAITElZ) J2s) Asiok sol AR
FAsLE &S VERlY gEjEe] A 24 2 379
e} gaksiAle] Ego] gk 4 IS veldch
W3k antioxidannt polar paradox @ARS JdEF 02
285k 4= glo™ AA3} non-polar chaing Z+= phe-
nolic compound”} A}&}ol] wle} EAERS oJmsich

I, FUerd &34 Yu

718 gASIA] &-8-2 hydrogen atom transfer
(HAT) ¥ electron transfer(ET)& 27+02 d1= &
A 2RSS E83 O R Aoyt HE A B
Utk HATHIR S sl of 4352 SA43)
5 ETH2 31829 s 393k Wil
2 38 HATH-2 oxygen radical absorbance capac-
ity (ORAC) assay, total peroxyl radical-trapping

antioxidant parameter (TRAP) assay, crocin bleach-
ing assay, f3-carotene bleaching assay”} Q1™ ET
WO 2= 2,2-azino-bis(3-ethylbenzthiazoline-6-
sulphonic acid) (ABTS)/ Trolox equivalent antiox-
idant capacity (TEAC), the ferric reducing/antioxi-

B 4, MEERuR

—ocoHd

Assays using lipid as main components
Primary oxidation products
Hydroperoxide measurement
Ultraviolet measurement of conjugated dienes
Secondary oxidation products
p-Anisidin value
Thiobarbituric acid (TBA) test
Oxidized volatile compounds
Total polar materials
Substrate loss
Headspace oxygen depletion
p-Carotene bleaching assay

In vitro assays using model systems

Hydrogen atom transfer (HAT)
ORAC (Oxygen radical absorbance capacity)
TRAP (Total radical trapping antioxidant parameter)
Crocin bleaching assay
B-Carotene bleaching assay

Electron transfer (ET)
TEAC (Trolox equivalent antioxidant capacity)
FRAP (Ferric ion reducing antioxidant parameter)
DPPH (2,2-Diphenyl-1-picrylhydrazyl)
Copper(Il) reduction capacity
Total phenols assay by Folin-Ciocalteu reagent

dant power (FRAP), cupric ion reducing antioxidant
capacity (CUPRAC), Folin-Ciocalteu reagents, %
DPPHo] It E 4)(12).

HAT assays 2] Z3-Q2]+ peroxyl radical o th3t 3}
25p)¢] 5ok 24 IFROO - + AH/ATOH
—ROOH + A -/ ArO +). WFH ET assays$] 9=
st do] S BT HGAA Mot &
229 Mgl WSS S5k v ook

(ROO -+ AH — ROO™ + AH -7,
AH -+ H2O « A -+ H:O"
ROO + H;0" «> ROOH + H20)

T o] HAT 2 ETHES 44 $A18 84
3lx] ¢27]9) biomolecule ] Alsls SAol= &%
o] glov} AAl FAIE X AFME FYLT =
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E5 3 3 MASSIHe| S| &8

Rl i AF HEYXA 2 Xz S el
Sesamol=TBHQ>BHT> Lard oxidized at - ChA 13
a-tocopherol 180°C for 80 min - p-AV

- DPPH method
Carnosic acid > sesamol Sunflower oil at 40, 60, 80°C - Conjugated diene 14

through microwave heating - Hydroperoxides

- p-AV
Ferulic acid > coumaric Phosphate buffer (pH 7.0) model - ORAC 15
acid > PG > gallic acid
> ascorbic acid
Rosmarinic acid > BHT > Methanol model - DPPH method 15
TBHQ > a-tocopherol
TBHQ = PG> gallic Cooked beef - TBARS 15
acid> BHT> rosmarinic
acid> a-tocopherol
PG>TBHQ > rosmarinic Corn oil O/W emulsion - Peroxides 15
acid> gallic acid - Headspace hexanal
PG> BHA> TBHQ> Methyl estered palm oil at - Rancimat 16
BHT> a-tocophero the concentration of 250 ppm
TBHQ >carnosic acid> Sunflower oil model system at  -Peroxides 17
BHT> BHA 60°C oxidation -TBARS
Rosmarinate octylesters> Tung oil-in-water emulsion - Conjugated autoxidizable triene 11
rosmarinate hexadecyl> at 37°C for 5 hr
rosmarinic  acid>
rosmarinate dodecyl,
rosmarinate methyl
Gallic acid, catechin Olive oil O/W emulsions -ABTS assay 18
and quercetin at 40 °C -Lipid hydroperoxides

-TBARs
Trolox >a-tocopherol O/W emulsion and -Peroxides 19
> methyl carnosoate, W/O emulsion at 37 °C -Headspace hexanal
carnosic acid
PG 9} gallic acid2 AH}ER
Trolox> methyl carnosoate> Corn oil at 37 °C for -Peroxides 19
gallic acid, PG, 3-6 weeks
carnosic acid> carnosic
acid >a-tocopherol
Methyl carnosoate> Trolox > Corn oil at 37 °C for 2-9 weeks -Headspace hexanal 19

carnosic acid> PG, gallic acid

> a-tocopherol

31

"Food Science and Inclustry {Vol.43 No.4)




%3 : 48 m=dA Ge

CH;—CHy;~CH,—CH =CH —CH;—CH=CH —CH,—R

Initiation

Uv absorbance for Conjugatad

CH————(CHQ)——CH ~CH=CH—~CH CH~CH —R Emm— diene or trisne

conjugated double bond

—  Headspace oxygen depletion

CH; (CH.y~CH=CH =CH~CH =CH e CH, e R,
3 ( 2}? 2 ROV value

[ -

Lll Hydroperoxide formation
|
H

Hydroperoxide R-Scission
decomposition

violatile formation TBA valug, p-AV value
{malonaldehydes, aldehydes, ketones Total volatile analysis

and so on)

Carboryl group  addition ——»  Polar compound analysis

and polar compound ——p Weight gain
formation

—®  Total carbonyl compounds

T8l 5. X|giisniuzol o EME EYn ZEMsEN

= 7/UE T 8le 73—?—7} }3"3 Aotk 553 propyl gallated] dhilslzo] O stk 44
0

ET UV /AL S 2302 AE S 1E sk

TE ARIR A0T 44 W D ARG dEAR w44 ATel st BHE 245 9l
wel Ao} Aol o & Utk AF Bl BN A RUALUS $E5hs HAT S ET o) of
el sl AR TBHQS G4sksel 1 #40% A BEahs Wi olgsiol gk v
71 FgRot RobgEL 2B Hele) WRoIE el MBS o5 S YU 17 5
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UpEhRSich

Headspace AtAAAH, FHol=AE =X (con-
jugated dienoic acids, CDA), 12} 23} E-2] per-
oxide values Z4HPOV), 22} A3IIAIE9) alke-
nalS ZA8R= p-anisidine valuesi(p-AV), Ats}AY
HEQ AR 2, At akEe) s
FAE2=4H(total polar material, TPM), 2-thio-
barbituric acid reactive substances (TBARS)Y =
o] AA| AsHFA|IM B8]z BHolt} )5 Head-
space AR, CDA, POVE 12} A3 E =
goll F-&51 p-AV, LA, TPM, TBARSH
& 27 sHLIES SRID o A ETK1S-19)

FAAES A5 9 WS BF AL SFsah

Z8xy 03:]_0]4’4 739 A AE O 7 Lo oz =5
T A A o8 9 el o 7k
TRs e &—8— oIk $SMIAHE SRS 60°C o}
2R f12Ho0] BRSPS ol Sl
Al E]o] creaming, coalescence, flocculation $©] ¥t
AaP1el TeolMel Azl B ek 3k
& &-83= 79 lipid hydroperoxide & &33}A1}
headspace volatile-S S 5R= "Ho] T2 AL&Eo]
SITH1S, 19). T3t air-tightQl 7-$- headspace A4
A7 ML 883} 4= 9tk

itk AlEA S 54 4lslintermediate YA
=9 7 —’;‘—é% FHOF sp7lo) A wAYs= W

2g ;:xg o]——- CDA, POV 2 P:@V} 5 7462451 Al
29| A% A Hol A=UE g g+ §l

@D

TH20).

#t DPPHE o] g8l FAE] radical Hsl&
et A}; s Y] A7 BAE ATk DPPHE
JjHoZ gt IR ke I WEE &
olol| A biomolecules, herbu} spice FZE&2] AR}z
e S48k vl AREH frk

DPPHY 2] A7R= ECsot} Tecso 2 ERHH ©|E
7+ z¥z} 27 DPPH 33 5E 50% 2 Zol=d) I
83} FalalA| o] =58} ECsool] E=23817) Y3l 42
= Al7ko2 He|hek DPPHER 23e 244}
o shakslA] G558 AHAH o7 Aelslr] #F) ‘anti-
radical efficacy(AE)’ $°| A= % lgi=d| o}
2@ A3t 22,

. 1
B (ECse) x (Tge,)

T3 ME OB AFAedA] v DPPH S 2
= vl sl 98l high-throughput relative DPPH
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