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Abstract

This study was conducted to develop an antioxidant complex that inhibits lipid oxidation of freeze-dried convenience
food rich in animal resources. The antioxidant capacities of various botanical extracts were evaluated, and those
of both 50% and 80% ethanolic extracts of green tea (GT50 and GT80) were found to be the higher than those
of other botanical extracts, although the capacity of L-ascorbic acid used as comparative antioxidant was the highest
(p<0.05). A freeze-dried chicken soup was selected as the food model to assess the effects of the antioxidant complex.
The soup contained 3.47% lipid, of which unsaturated fatty acids accounted for a high ratio. The inhibitory effect
of the GT50 extract on the oxidation of linoleic acid (LA) induced by continuous heat treatment was evaluated.
The oxidation value of LA without GT50 increased after 6 h and reached the maximum value at 12 h, while that
of LA with 30 mg% GT50 or 7.5% L-ascorbic acid (Vt.C) were stable for 24 h. Since GT50 showed a synergistic
effect with Vt.C at the mix ratio of 2:1 (W/W), the antioxidant complex was developed through a combination
of GT50 and Vt.C.
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U= ARGRY] AsE dojur] fle ©ido] 9lom, E3
=Y A E8S AR BE A9 AE EHeE <l
3 AEA 7T 71EelE= el Ith(Rahman <5, 2009).
TS T4 A7 F7HE ARY A 7l At
5) DACIA Tt FA o osf A dipite} vkg2 4
AlA AHRFE TEAIZIAY, F8o] FotE= A
AEITHKim 5, 2018a).

Feid S Lofue AEAE Al s LuH4
oz Y, $E, 7AYo B2 IR ulEHo] A5H ts
IE(vacuum metalized polyethylene terephtalate)S ARE-S
1 13, polyethylene(PE) <°f| polyethylene terephthalate
(PET), ethylene vinyl alcohol(EVOH), aluminum oxide(AlOx)

5 52 F310] 554 U 7RAATAS Bol7] 919 o
o AR A g 977} AE T ekMacs 5

2018). QA et 4% o) $7 003} cBo] BEen
53} 22 toret Al J1ss) 29lom e AWt of
AP P e mgaA e ] HEH o=
A% dEIA o) 283 5 e A B8 80| Ba
5}tHLee &, 2001).

NS7FREY A%, AN oA 9Ish A 2L
7+ Hojuthar 4R 34| (butylated hydroxyanisole,
butylated hydroxytoluene 5)7} AREE T 1oL}, A oFA
d AE F-=5te] ol tiAlsh] et AA=R=l Atst
aA9] gAY Bl Ago] 8753 JIthKim -5, 2018b). ||,
4 SollX= AHARECIA &5l 7HA A1 SHlA A
Ago] Hold 5H A, FAE T AALYE 83 /&
M A= AT A7 Ee] AP ATk Mariutti®}
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2 AtoMe TEE AAE 283t sAdx SIS
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L2}(leaf of Camellia sinensis, WAL, SPI5H), AlAx
(leaf of Angelica keiskei, =AY, ), S71A(eaf of
Perilla  frutescens, TUYAL, B-2E(F)), BASk(seed of
Anethum graveolens, UTAL, G@PJAA7|&ATA), HE A
A(sprout of Hordeum vulgare, F=At, @5]BE1T |02
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AR A 2E A8S AT AERER SANE
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520% SEY 250 o 398 99 T4E e
ARE A & T 4 g& F9) deionized water(DW) 36
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min)o}o] I AF5N-ES pH meter(CH/Seven Easy S20K,
Mettler Toledo, Switzerland)Z Z75}3ic} AGsl=k 3]
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Advantech No. 5A(Toyo Roshi Kaisha, Tokyo, Japan) %]
= ojafsto] HoREQlL, e ARgslo] TS o
& g1l = 9 ¥y 13] WHESIgIT, Hoke ofudl
L2 Baloj%of 271 F 0.88% KCl ¥ methanol-0.85% NaCl
(i1, vv) ST A8} MR Buf Belngg
At HgrEo] 81171 butylated hydroxytoluene(Sigma-
Aldrich, St. Louis, MO, USA)2 XA&aF9] oF 1%7F Hk
& 75l chloroform 32 345t F 334 555719
A &S AASIH FEH AEo] FZ HAAIE A
oF A1 HAN nHBE] BAZ 2sio] Ant



66 ARSI AsA AsE (2021)
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2 FE A7 Szt vhA] 6AIZE AF el BFAo] AL
12A17F0]RAL, &0] B4 H F W] 25 Advantech NO.
5A(Toyo Roshi Kaisha) 9A|& AR&slo] 7AQtojalsigit.
7} ojaoRo] Gfl= 1M 4] SEES71E ARgSto] AASH
11, 500 ARG FYT SIS AREste] At Fajvt H
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ARl &
o B35} AW oleic acid (80%, Kanto chemical, Tokyo,
Japan)?} th% B33} 2|94t linoleic acid (58-74%, F 18-
32% oleic acid 3}, Sigma-Aldrich)of| &2} 50% offgEhE 3=
Z5(50% ethanol extract from green tea, ©|5} GT50)S %
7Rt 5 he] A Appare] Ak oA ETkE 2slo] 3
Ttk 2 AP 5 g 23 GTS00] 75-120.0 meirt
H=E Z7) S35} L-Ascorbic acid(vitamin C, Sigma-
Aldrich)= go]240] §5AX1 7 &= 3]st} A
Aol A718H A1, o-tocopherol(vitamin E, Sigma-Aldrich)2
214 Aol A5t L-Ascorbic acid®?} o-tocopherol 2]
7P 3.3-30.0 mg%e| Yt} ZF AlEE 90T $8-%0]A
24A17t B HEGAIZAAL, A 7HA 0 2 A& sto] Choi &
(2015)2] Bl wh} thiobarbituric acid(TBA)ZES: =735}
At} TBAZES malondialdehyde bis(MDA, Sigma-Aldrich)
HZENE AMESo] A5t TUT B RE & & A8
kg G MDAC] 483h= mg ¢fo= gHibsto] LER|QIH.

(o]

SAHAZ

Ay Ail= EAEAL] 17 70| IBM SPSS Statistics
20(IBM, Armonk, NY, USA)S AR8slo] BHiat F2wat
2 Uefigleh & ok 7 B9 A 242 51 T ARE 5
FPsto] p<0.05 oA FRF ASZ AL, Al et
o|Are] Hata] AL one-way ANOVA HIH o] wle} AA|5}
Fow, Bzt Alo] GO AZL Turkey test(p<0.05)=
AR5} tHHan, 1999).

L3S HES) 6F AA) BUERE 95 9 oEkeS ARG
sto] F 1589 FEES AXSL, 4 FE2EY 82
Table 10] VFERHQICE. AlKAZ9F =4} 2559 82 20.67-
34.24%9} 22.87-27.23%% 247 el T2 g8 3559
H]5]) L9k, YA 2EE0] 229(11.41-16.60%) H| 1A
ottt F&-8ujjo] wat Az EAY 50% ofghS =
E(A50, PL50)S AQI3t LE AJFFol|A F4H4A]o] ofjgt
& AR50 vlg) AdjFog &2 £88 Hth
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Table 1. Extraction yields of green tea, ashitaba, perilla leaf, dill seed and barley sprout obtained under different conditions

Heat . Concentration Yield

Solvent catment  AAbbreviation 100" 1 “liquid) (%, wiw)
DW O GTO 4.08+0.01°Y 27.23+0.09°

Green tea c ¢

(Leaf from Camellia sinensis) 50% EOH x GT50 3.4620.60 23.060.22
80% EOH x GTS80 3.43+0.34¢ 22.8742.24°

DW O A0 4.66+0.01° 31.05+0.10
Ashitaba a a

(Leaf from Angelica keiskei) 50% EOH x AS50 5.14+0.09 34.24+0.60
80% EOH x A80 3.10+0.03% 20.67+0.19%
DW O PLO 2.76+0.03¢ 18.38+0.22%
Perilla leaf d de

(Leaf from Perilla frutescens) 50% EOH x PL50 2.80:0.00 18.66+0.02
80% EOH x PL80 2.010.11° 13.39+0.72'
DW O DSO 1.66+0.02° 16.60+0.23°
Dill seed e s

(Seed from Anethum graveolens) 50% EOH x DS50 1.72+0.05 11.47+0.12
80% EOH x DS80 1.71£0.10° 11.410.13¢
DW O BS0 2.14+0.31¢ 21.42+3.11%
(Sprout ﬁﬁfrﬂl‘}jylojgg’l‘; vilgare) 0% EOH x BS50 2.05£0.27¢ 13.67+1.80%
80% EOH x BS80 1.83+0.08° 12.19+0.51¢

Data expressed as the meantSD of triplicate determinations.

DThe different small letters indicate significantly different values in each the vertical column (p<0.05).
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Fig. 1. Antioxidant capacities of the extracts from green tea,
ashitaba, perilla leaf, dill seed and barley sprout with deionized
water or ethanol.

Data expressed as the meantSD of triplicate determinations.
UTrolox equivalent antioxidant capacity.

IGlycerol fatty acid ester.

The different small letters indicate significantly different values
(p<0.05).

Z5351F 858 YEE= 9 mmol trolox equivalent capacity/g)
o7 ghilsto] YEtIQIthFig. 1). F5529 A2 ¥
W5}7] 9J8)| vitamin C(L-ascorbic acid) % vitamin E(o-
tocopherol)Z B W EZE ARESIC) Vitamin C7} 71 &=
TARFsE UEISlYL, S5+ 7HetlolAle =41 ogt
FZE 2%(GT50, GT80)°] FJH 02 A Yehgtt
(p<0.05). 0] F F=E9 &AL vitamin CETR= IATH
vitamin EXT} oF 1.58) o4 &SItk 544% S4=2 A
Z(ghHIGoll A HiEE 71 2F 60-80%0] ol BA
8 ALBSER SHpE0] S ALt T W8] 9
S 5851 0 Ae gekelo] Walt T 2EELI
FARET & Aol= YU(p<0.05), HidETe] 483t
£ Tefe o ofeke Aol Hol KA} £E Aow
A=z 25 GT502 A&4t oA 24429 Ho|AR
Agsioint. feAlR A2 d A" (lecithin), 22|41
A RHAL of| AH|Z(glycerol fatty acid ester, GFAE) % Z2|A]|
E(glycero) 9] F4loe2 A9 gl A2 YT
QA ARG A] 2EE GT509] FRAlElso] v JjkS
Yol 7| 9ol F&E GT500] Yrkdog AE/Z A] ALE-

o rlo
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s dFeAE, SN A4 o AHE, SEAIES
g5lo] 225 o] 1:0.1-1:1(ww) Bl& HIE It &
Aotse SsIlth(Fig 2). &= GTS0Y} diwdA
1:025(w/w) Bl& XA FAslso] fYHos A
(p<0.05)3+ A o]9] A& f3H| BT FE5 GT509] At
Sheol IS VXA = 2ottt 1eu fkEo] Hissiet
E9] Agitl oA 2 ASkso] PR HIXITh= Richards
5(2002)9] Hi1e} o] FF A 2FAo] &8 Al A=
T} 2 gk3ole] ASksS WEE ¢ AeA HESH: A+
7F 9Q%t 20" AlmHch

rm ook

2
% 924 9 49, 3552, $A4 90 U Y 58
T FAAZ YA YRS BUHo] Folu %
BAAR Q8] 0BT FAS AAROEA Aol Fof
7rAA] Azl Ho] SBEL 9k T, SAA% THEA

AZA] ABGR] w2 554 e 8T B Bt
A4 dofub= #AIRO] St (Rahman 5., 2009).

AR HaT S50 At A A 2= A=
= Pl =59 AT, AT 2SR R S
A2 Bl BEx HuT 252 o 99 3.13%,
SIE O 11.72%, 2N QR 31.40%, A 9

ofx
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Q

5

E a0t #9
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g &‘ 7 =[] — 7“7'—%

2 30} 7 7]
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= 20t ’
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Fig. 2. Effects of emulsifiers on antioxidant capacity of 50%
ethanol extract from green tea (GT50).

Data expressed as the meantSD of triplicate determinations.
Trolox equivalent antioxidant capacity.

IGT50 extract alone (1:0).

IThe special character indicates significantly different value with control
(p<0.05 vs. control).

347%=2 A=} 9 I(Table 2), pHE= 6.24, A RS
7.80%= UERTh grsHEe] thEE-S Aok, A
2 vy 2oith B F A9 A BAET =
Table 33} Zth. B8} AJARY] 41/ Hl&o] L3R4l
v)a] =9k, F8 AHMAES oleic acid(39.0%), palmitic
acid(24.4%), linoleic acid(14.7%) S-0= UEpt}.

FEE9| A AH| 51t

FZE GT500] AA| A &/g8] Aku
B7¥st7] floll, 52X HEHY 52
Eft o SXESER|RAL oleic acidel TFE EXESEAEMAE
linoleic acid ZHZto] F&552 F7Iokal, A&E4Q1 IA =
ZA(90T, 719} stollA Alztol w2 5= Z|ekito] tigh 2j
W3S TESIICHFig. 3). EXSFAHMAte] ISER|HA] B
Sf A7 F HA dojurar, Ak 2| dAbel= F/dshe A
AO] BASRYE, Bl 5 F2AR] Alold) wt o &
T2 s, oF SHHRIXQI E/gikao] o) Jojutal,
4, o, F&0]2 5o 9o 7IE3tETHRege 5, 2015;
Shahidi and Zhong, 2010). GxJ2] 24A7H] kS 0A]7HY <9
T} Bl 79, linoleic acid”} oleic acid 2T} Gofl EQFs1o]
ZARHEP T Al Yol 2 R &= QI Linoleic acidof] H]a!
=4 vitamin B[] 30 me%, ww)yE A2[E 4 FAE
12ARPRE 2S4Sk v, 55 GT503} vitamin C=
BTUARI HlwA QFEEE AR Uit

AdA = G5 7leEd, A8} ulABE, 34 5 ohdst
AEE fFUEY g9 $Eo o3t A9 JleEs) ¥
esterase2} phospholipase® 213+ X2} F 2= glyceroli}
fatty acid ARO] ester Ag}o] FZOJAHA] A=, L/gAkA

S~
Jis

q

£,

1o
4y

Table 2. Proximate composition and properties of freeze-dried
chicken soup

Component Freeze-dried chicken soup
Moisture (%) 3.13+0.04
Crude protein (%) 31.40+1.76
Crude lipid (%) 3.47+0.16
Ash (%) 11.72+0.03
Carbohydrate (%)" 50.29+1.66
Properties
pH 6.24+0.02
Salt (%) 7.80+0.05

Data expressed as the meantSD of triplicate determinations.
YCarbohydrate (%) = 100% - (moisture % + ash % + crude protein
% + crude lipid (%).
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Table 3. Fatty acid composition of total lipid from freeze-dried chicken soup

Common name Carbon number Ratio (%)" mg/g TL?
Myristic acid C14:0 0.8 6.4
Palmitic acid C16:0 24.4 182.8
Stearic acid C18:0 7.0 523

2 Saturates 323 241.5
Palmitoleic acid C16:1n7 5.8 435
Oleic acid C18:1n9 39.0 2913
Vaccenic acid C18:1n7 2.5 18.8
Paullinic acid C20:1n7 0.6 4.1

2’ Monoenes 47.8 357.8
Linoleic acid C18:2n6 14.7 110.3
a-Linolenic acid C18:3n3 0.9 6.6
Dihomo-linoleic acid C20:2n6 0.4 33
Dihomo-a-linolenic acid C20:3n3 1.4 10.5

2 Polyenes 17.5 130.7

2 Unknown 24 17.9

Total 100.0 747.85

Data expressed as the mean (n=2).
YRatio in the total fatty acids.
DMilligram fatty acid in gram total lipid.

0h 6 h

12 h 24 h

Fig. 3. Changes in the appearances of linoleic acid or oleic acid treated with antioxidant candidates according to heating times.
1, linoleic acid; 2, oleic acid; 3, linoleic acid + GTS0 30 mg%,; 4, linoleic acid + vitamin C 30 mg%; 5, linoleic acid + vitamin E 30 mg%.

2 QIet A9 AFSAteRs AAte] F2HSIR peroxide
SM=ET} aldehyde, ketone, alcohol 5°] AAE 4 11,
lipoxigenase®t 0] cis § EXSAAC] P2 o= 2
5] IikeleS A/doke ket AtH(Chae 5, 2005). 52
Az BT E59 A% AR BRIH(HEDF 5=
SSAZ17] 91t 2 BARIE Jsk=t, of i A1de] &
2 7l A== ]Ik Az FEjAAte] AdE ¢ 9L
i, B F ARl ER A AeAte), Bk w4

kA A dAtzE 7148k g 4= loh

25 GT509] $8A48sTE TWdstr] Y, oleic acid
B} E3oler} ol AtiA o & APt A RRUE= linoleic
acidE AAslo] &5 GT50, vitamin C ¥ vitamin ES &
THE Z7F J7F & AEHQ1 A ERA90T, t71eh) st
of|A ZAIAR] TBAZES S5t Fig. 4). 221 linoleic
acid= @A 2] 6AIZEE TBAZIO| F45HA =X HA
2AIZFR F|aL 3]0 EEsilal, o] ZHEA(FHANS
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1.5

14 ® Control (0 m%)
O GT507.5 mg%

I3 F & GT50 15me%

12 ¢ O GT50 30 mg%
<O GT50 120 mg%

TBA value (mg MAeq 1)/kg)

0 3 6 9 12 15 18 21 24

Heating time (h)

(A) Inhibitory effect of GTS50 extract

1.5
14 ®  Control (0 m%)
ST A VC33mg%
13 F ® V.C75mg%
¢ V.CI15mg”%
1.2°r . A VE3.3mg%
O V.E7.5mg%
<& VE 15 mg%

TBA value (mg MAeq 1)/kg)

Heating time (h)

(B) Inhibitory effects of vitamin C and vitamin E

Fig. 4. Inhibitory effect of 50% ethanol extract from green tea (GT50) on the oxidation of linoleic acid with heat treatment.

Data expressed as the meanttriplicate determinations.
Heat treatment was conducted at 90T.
YMalondialdehyde equivalent value.

No significance at p<0.05.

IThe different small letters indicate significantly different values in each heating time (p<0.05).

FAISPHA QoA A3k Bk 10 Hhe, &2 GT50
2 9F 30 mg%, H|WEZQ] vitamin C= 7.5 mg% ©JAFY]
A 5ol A 244171 5 @A o] 23t linoleic acide] A
g a3H0R AAloh= Ao UEfyith Vitamin E9] 7
% 15 mg% S=7HA] A9l Z3p7t gllth FE2272 Aol
SEARE, of 2] AollA] =at FEE9] ALt Aol XA
o Ao aFtH o= YR v} Qlt}. Kang 5(2007) =
A eFEEo] EXAHMle] 1EE B A FA
3t aakdo g ARl 5F91al, Nam 5201132 =3k
22 At sl A7t wEt v
tixatol] Hlof W2 TBAZES H It} 513itt. Yang 5(1999)
2 A} 2EEO] PAS) R oJgt XA oA avtE
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Fig. 5. Synergistic inhibitory effect of 50% ethanol extract from
green tea (GT50) and vitamin C (V.C) on the oxidation of linoleic
acid.

Data expressed as the meanttriplicate determinations.
The concentrations of GT50 extract in all the groups except for control
and V.C were 30 mg%, and the concentration of vitamin C in V.C was
15 mg%.
YMalondialdehyde equivalent value.
Linoleic acid.
The different small letters indicate significantly different values
(p<0.05).
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