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Table 1. Physicochemical characteristics and fatty acids composition of

canola oil and corn germ oil used as substrate.

Characteristics Canola oil Corn germ oil
AV 0.03 0.07
v 116.5 121
Color (R/Y) 0.8/6.2 1.8/16.0

trans 1.8 0.5

C14 0.4
C16 4.6 10.9
" 4 Cl6:1 0.2 0.1
atty acl Cc18 2.2 1.9

composition
C18:1 61.8 31.9
(%)

C18:2 21.0 52.5
C18:3 7.8 1.3
C20 0.6 0.5

C20:1 0.8
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71(62,63)2] WHS $&35Fo] 70% eSS
7}8lo] sonicator (Bransonic 5510R-DTH, U.S.A)&E 30&# 33 F&A71

o

o]} star o] oy WS Rotary vacuum evaporater(Buchi rotovapor R114
water bath B-480)o| Al ¥ =3sto] oets =

Z2FEE(EEx)2 2009 RS9 539 F
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Citrus peel powder

70% ethanol extraction

sonicator (30min, 3times)

Jtimes) 3times)

70% ethanol extract (EtOH) Residue

H2O suspention,

with CHCls

CHCIls fraction Aqueous layer
(ChEx) with EtAc

CHCIls fraction
(ChEx)

EtAc fraction Aqueous layer
(EAEXx) (WaEx)

( EtOH : ethanol CHCls : chloroform EtAc : ethyl acetate Water )

Fig. 1. Procedure of extraction and fractionation of citrus peel



4) Aok 2 FisA

AEy FEEY FACd did FAstaAE vlustr] Yeto], 71E9
A3k Al 5 TBHQ, BHT$ a-Tocopherol ( Kanto Chemical Co., Japan )
ALgEkAth. FE0 A8 §uf2l ethanol, ethyl acetate, chloroform¥}

27k BF AL A

flo

Garstel Z74o] AbeE mE Ao

5) ey H7l gErAola Ax

FiEAol A AMEE AR HEHIZW(F) ASAD, H-AEF) L5F71),

AR(F) ALAD), 250(F) AdAT)H @2& AT FHstod AHS
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2 A" 5 30w F¢ A G 526nmelA FHES S A
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Ag FHZITY F3%
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5) AFAHA 2 FEE FAREH 54

dAF ethanolel =<9 F 0.02%, 0.05%, 0.1%°] F==

e
i
o

7 %

1A AQE Sl ol " 78kl magnetic stirrer2 g A x5 oH

ol
Ho
fo

control2 = AAF2 ethanolttz H7Me Suiwok AF/FE AHE AT, =
g 7L FAsAe dAkse S wastry] skl TBHQ, BHTY 6
~Tocopherols 0.02%% 7}l AF-83F A ).

oje} Zo] AxH 7 AEEL 60£2TCAA 30Uz AW A HAsET}
(peroxide value, POV)<} & o o] T Ak7F(controljugated diene value, CDV)]
Hels SAsAT. POVe A0.C.S.(69) Cd8-53% & o] €39 meq/ks.oil
2 ygdiglen CDVe AOCS.(69) Ti La-64¥e] we UV-VIS
Spectrophotometer(Ultrospec 2000, Pharmacia Biotech)E& A}&73l¢] 233nm

A FFEE AT ¥ s Hoz At

(85— B) X N <1000
w

Peroxide value (meq /kg.oil) =

DA A AHE NarS:0s3
DR A A AP E NaxS:03
D NaxS2039 5 =45

AR A FA)

= 2z @3 v
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CON%) = 084 — )

K : absorptivity by acid or ester groups
ester: K= 0.07
acid : K= 0.03

As @ absorbance of oil at 233nm

b : cell length (cm)

¢ : oil controlcentration(g/L) of the final

effectiveness, RAE)E AtZEstlth. olw 714 w9 AT/ HAtst=
7F7F 100meq/kg oilel =3t Al {H(day)= % 7] % (induction period, IP)
o2 dogHoz HAT S, controld] fFE7IZHe dig 7t il FEE
of H7Fd Swifret AMFFO FEVITOLEFTYH oS A oA RAEE

& se .

A

RAE= C

x100

IC : Induction period of controltrol

IS : Induction period of sample incubated with antioxidant
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= 30% HAow FRtolFole= 6A%F FACRE AgE AFHS] AH7H(acid
value, AV)9} 292 =7}({odine value, IV)E ZA&A. 2r7te=
A.0.CS,(69) Cd 3a-63Wel 93 AU, 8°=7te 7EFAEAH
(7Dl olsl S48t obefol 22 A o= ALLsAT

Acid value = jﬂé‘ﬁi

Iodine value =

D EAY A 0.IN9 NaS:03 ¥+ 9
© 0.IN9] Na$S.03 E+ 99

. }‘] JEL-O/] ook(g)

o ¥ W

A KOH A#A 49" (ml)
B: }\]-\Fjl-p/] Oo]:(g)

F : 01N KOH &9 o7}

1.2691x(A = B x F
C

i Z~ 8] FF(ml)

Al 0.IN 9] NaS:03

2] = (ml)

%7}
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8) Z&E Y HJ LA AZX

Table 2. The formulation of poundcakes preparation

(2)
Variables Addition amount of citrus peel (%)

0 10 20 30
Wheat flour 150 150 150 150
Citrus peel 0 15 30 45
Egg 150 150 150 150
Sugar 100 100 100 100
Margarine 100 100 100 100
Salt 2 2 2 2
Water 30 30 30 30
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‘ Weight ingredients ‘

v

‘ Mix eggs ‘

v

‘ Add sugar ‘

v

‘ Add margarine ‘

v

‘ Add wheat flour with salt ‘

v

‘ Add water ‘

v

‘ Add citrus peel ‘

v

‘ Panning ‘

v

| Baking(170°C, 70min) |

Fig. 2. Flow of pound cake baking procedure
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2 @ F ANdAT A ABE 0F A% dov, Brdn g
=542 98 /5 AEWIS AEse]l 189S W w99 v

FTo= F7raan F7rH82 M(color), Ht(taste), vl (flavor), =27t

(texture), ¥% Z7(mouth feeling) =28l HAAAHA 7]35%=(overall

quality)® A = 2 ¢}.

10) Z1AH Aol 9% B2

(1) Fe=Aolas 4= 54

geeAol=e] AEE Texture Analyzer(Stable Micro Systems Ltd.,

Model TAXT-2, England)& Al§3te] SAH}A o SH xS Table 37

2. 4 % (hardness)= Z+7F 33 W& A5 AU
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Table 3. Operating controlditions of texture analyzer for measuring the

hardness of pound cake

Prarmeters controlditions
Sample size 3x3x3 cm
Prove ®30 30mm dia cylinder aluminium
Pre-test speed 5.0 mm/sec
Test speed 3.0 mm/sec
Post-test 10.0 mm/sec
Distance 50 %
Force 100 ¢
Time 5 sec
(@) Ao AEEA

Aoz WHeo ME =4HL  Chroma Meter(Minolta Co., CR-200,
Japan)E ©] %39 Hunter L(lightness), a(redness), b(yellowness) 2o %

mAsgom 2 AR 35 wE 249 FEgow ey

11) A A =

A A2 = Window® SAS 6.2 versiong ©o]€3}o] ® AR A (analysis of

variance, ANOVA)S A A]3d}

22

o™ Duncan?d tTW %A H(Duncan's

multiple range test)2 2 FoA S #HF5A ).
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ZF 0.7 41%, 290" 0.2, 0.3%, =3+ FH> 72 0779 08%, =4
=033 05%% et S99e FAdzHE A6 of 6w o Be Ao

2 et

Table 4. Proximate composition of citrus peel used in this study

controltent(%)

component raw material freezed dry material

moisture 69.4 5.45

crude fat 0.7 4.1
crude protein 0.2 0.3

crude ash 0.7 0.8

crude fiber 0.3 0.5
Reducing sugar 0.93 6.18
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2. &3y

Ed =t oA Re)
44.0% 2 7V =4 vERg o,

< 2% 2 70% A e E F£& wu vl vopr

< Table 5%}

2okh 70% ol ®& o &

30.78% G 01} ool H o ES SR

bR

o

!

Table 5. Yield ratios of extraction of citrus peel from various solvents

Yield (%, W/W)

Solvents
EtAc 1.6
CHCl3 1.4

70% EtOH 44.0

Water 30.78

EtAc : Ethly acetate

EtOH : Ethanol

" Extraction yield(%)

Solid_in_extract.gr < 100

Raw material.gr (dry weight )
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FFt AAgAee] @4 Fdetel & w gFEAy FF2E9 Hold Fak
sHEAd e FAAE skl AL HEAR o] gd 7 e AR A
¥

0.02%ToCo 0.02%BHT 0.1% 0.02% 0.01%

Fig. 3. Electron donating ability (%) from extracts of Citrus peel
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1) JrksteE7he] st

AEAIERE AL FEFES 002, 005 01%9 v== H7be S it
I Ffe 60:2CelA A7 5 POVY W3t= Table 6, 83 Fig. 5-103%

Nt

2otk =3, do &2 100 meg/kg. oildl E=gdle 7HE fE7Itow AT
. control®] FZ=7|Ztell Wd ZF FEHEo] HylH 7EFAY FE7IHS W
&2 el Adid FAs g@3k= Table 7, 99F 29k},

Table 604 R upe} o] Sulfo 79 control® Z7] A4S E7H7}F
0.99meq/kg. oilol® Aol A=A 12¢o] 117.03meg/kg. oilo] 23t o™, ToCo
o} BHTE #7Fs 4% AF 12¢€ ZFzF 90.31, 86.49meq/kg. oilol =23} A
o 28y TBHQE H7Me A $ole A 30¥0] FHo% 24.40meq/kg. oildll
Edste] obF W2 s EvtE YAt 2 A3 control®] fR71RFE
10799 ¢1dl #®lsted TBHQE H7Fg A& F=7]7F2 35534 =2 7Hd 2

(o

H, RAE %3 control& 10002 & uf TBHQx 329= 7H4 =4 WEtwH.

olo] H]sto] EAEx$ ChExE 0.1% 713 49 A% 15d4# st &7t
77y 141.22meq/kg. oill, 112.15meq/kg. oill= A% 150 HAL3E 717}
100meqg/kg. oillo]d =E3l3l o, oo W& {FE7|7F2 129292 ko,

_26_



H9a, BHTEYE 2o, ToCoo%te FAE aAkst &35 eyt

o~

3 5 FEE ET FEEY sR2UF S @45 F4ks a9 SUHE B
At A, EtEx® WaEx.© 0.05% H7bek 25 A% 1294 #AtstE7k=
Z+7} 103.88meq/kg. oill, 104.55meq/kg. oillZ A7 12Ye| HAkstE7H7}
100meq/kg. oille]d =dgstdth. =711k 2H7F 1175, 11.68, RAE+ 109,
108% EtEx® WaEx.> A &4kst @35 deEdlow, F FEE52
0.05% H7kA 7t =2 F4kst a3E dvEdo] EAEx® ChExE H7He A
Ie vE AYgs vE
AEFY FAstEZFE Table 8, 9 % Fig. 8, 9, 1094 R& vpe} ),

control®] %7] HA4tstE 3= 2.28meq/kg. oillol®d Aol Hap F7)sto] A4

<
32
is

1599 o]u] 125.43meq/kg. oillo]l =93¢, TBHQS #7713k 4% Sujf
of wpx7tA 2 A 30€ ol %= 23.11meq/kg. oillel E 335l ofF 2 34k}
E31E YeEY Y. control?] FE7]3FE 1294Uollem ToCo$ BHTE
15079 2 15.76¥ 0] 131, RAEE 120, 1242 YESLom TBHQT 35538 =
AEH M =8 s a9 E BRAFA

ol H]ste] EAEx$ ChExE 0.1% H7be #HAbstEd= A7 18del #4474}
118.39meq/kg. oill, 112.13meqg/kg. oillZ =+ AF 18¥ ] 100meqg/kg. oill
ol =Edld oy, fFE7|H2 22 16.776Y, 16.99, RAE+ 130, 1312 + F
Z=2 fARE FAks a9 E Y o, ToCo, BHTEY #& g¥34&
Bl A =g SHlfe] B4 mAR FEEY vV 2255 A
3 27 & Ao ® YERT

EtEx+ 0.1%, WaEx+ 0.05% #H7F 7129 A% 18¢ HitsEx= 7
125.55meq/kg. oill, 141.32meq/kg. oill2 A% 184 F X% 100meq/kg. oill
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Table 6. Peroxide values of corn germ oils containing various
concentrations of each citrus peel extract and other known
antioxidants being stored at 60+2Cfor 30 days

(%)

Storaged period(days)
Samples 0 3 6 9 12 15 18 21 24 27 30

control 0.99 2227 5341 7486 117.03 15154 207.40 229.77 305.32 313.63 329.96
TBHQ 0.98 1.92 3.28 5.93 531 4.55 991 11.79 1850 2214 2440
BHT 0.65 4.47 22.88 39.60 86.49 11514 120.56 140.96 158.74 216.34 287.04
ToCo 0.66 16.43 3498 4727 9031 11951 19852 233.78 277.00 307.53 374.81

EAEx 1 031 1910 4586 6585 103.11 147.85 167.76 17835 196.11 25750 294.16
2 160 1597 46.89 6541 9691 149.62 181.60 179.71 20556 281.15 291.05
3 065 8.70 43.97 4738 9348 114776 149.15 174.66 182.29 269.19 282.21
ChEx 1 066 2.30 3849 5725 105.16 14470 173.64 207.71 222.16 287.99 296.61
2 097 2.26 19.22 6540 103.23 12572 14519 210.84 236.97 306.95 299.48
3 064 1220 33.69 40.77 8199 11215 167.19 187.75 266.56 287.39 292.39
EtEx 1 097 14.03 3545 5336 101.00 13440 180.86 205.72 247.40 273.27 305.30
2 096 4.53 37.38 4170 103.88 131.85 168.40 222.30 262.22 293.70 295.78
3 098 6.97 40.73 4644  104.92 136.77 17456 193.64 243.66 301.38 290.59
WaEx 1 098 1716 3298 5153 116.47 146.82 186.77 216.68 234.82 300.33 303.87
2 099 6.25 36.26  50.31 104.55 140.68 156.82 226.99 285.87 299.39 289.36
3 098 19.87 21.68 5366 10557 141.22 17371 197.77 21359 256.78 298.07
-control : control -EtAc : ethyl acetate extract
-TBHQ : TBHQ 0.02% —CHCI3 : chloroform extract
-BHT : BHT 0.02% -EtOH :@ 70% ethanol extract
-ToCo : a—Tocopherol 0.02% -WaEx : water extract

1 : 0.02% adding of extract
2 : 0.05% adding of extract
3 : 0.1% adding of extract



Table 7. Induction period(IP) and relative antioxidant effectiveness(RAE) of
the corn germ oils containing various concentrations of each
citrus peel extract and other known antioxidants being stored at

60+2Cfor 30 days

Antioxidant % IP RAE
control 10.79 100
TBHQ 35.53 329

BHT 13.41 124
ToCo 13.00 120

1 11.15 103

EAEx 2 11.18 104
3 12.92 120

1 11.68 108

ChEx 2 11.74 109
3 12.92 120

1 11.81 109

EtEx 2 11.93 111
3 11.75 109

1 11.24 104

WaEx 2 11.75 109
3 11.68 108
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Fig. 5. Changes of peroxide values of the corn germ oils containing 0.02%

of each extract and other known antioxidants being stored at 60=

2Cfor 30 days
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Fig. 6. Changes of peroxide values of the corn germ oils containing 0.05%

of each extract and other known antioxidants being stored at 60=

2C for 30 days
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Fig. 7. Changes of peroxide values of the corn germ oils containing
0.196 of each extract and other known antioxidants being stored at

60£2Cfor 30 days
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Table 8. Peroxide values of canola oils containing various concentrations of
each citrus peel extract and other known antioxidants being
stored at 60+2Cfor 30 days

(%)

Storaged period(days)
Samples 0 3 6 9 12 15 18 21 24 27 30

control 228 2021 4206 6512 8842 12543 21328 276.65 281.76 303.42 351.45
TBHQ 1.63 160 326 326 327 519 1096 8.58 9.88 2053 23.11
BHT 165 644 17.08 4548 5837 86.39 140.46 18752 234.71 24275 287.61
ToCo 1.28 838 3471 5895 70.89 9749 200.33 205.78 254.90 291.55 381.29

EAEx 1 163 1093 34.16 6199 8156 8242 17049 164.44 244.17 254.25 29291
2 194 1467 3793 6214 81.77 84.27 124.23 160.49 172.86 201.78 276.95
3 161 393 3721 5260 7149 73.83 11839 157.12 192.79 199.04 267.13
ChEx 1 164 198 3163 54.82 7099 86.61 123.78 193.25 224.42 246.49 282.97
2 163 231 3098 6278 80.48 85.89 13290 17526 224.44 234.32 272.31
3 164 619 3190 5889 7344 7617 11213 14981 174.11 179.30 268.05
EtEx 1 162 1470 4035 6332 87.61 9195 13365 196.26 204.95 245.05 298.69
2 163 1342 4131 6365 86.71 90.03 17244 201.12 230.06 234.55 302.28
3 130 1430 43.17 5875 86.81 92.87 12555 171.43 196.41 221.55 302.52
WaEx 1 196 1583 40.79 54.80 8249 8592 17057 188.85 205.65 248.65 297.35
2 128 1647 4140 51.30 8750 115.00 141.32 193.13 239.25 253.02 292.69
3 129 1149 39.31 4990 8451 13376 16350 195.16 232.74 265.86 304.31
-control : control —EtAc : ethyl acetate extract
-TBHQ : TBHQ 0.02% —CHC I3 : chloroform extract
-BHT : BHT 0.02% —-EtOH : 70% ethanol extract
-ToCo : a-Tocopherol 0.02% -WaEx : water extract

1 : 0.02% adding of extract
2 : 0.05% adding of extract
3 : 0.1% adding of extract



Table 9. Induction period(IP) and relative antioxidant effectiveness(RAE) of
canola oils containing various concentrations of each citrus peel

extract and other known antioxidants being stored at 60+2Cfor

30 days
Antioxidant % IP RAE
control 12.94 100
TBHQ 37.21 288
BHT 15.76 122
ToCo 15.07 116
1 15.60 121
EAEx 2 16.18 125
3 16.76 130
1 16.08 124
ChEx 2 15.90 123
3 16.99 131
1 15.50 120
EtEx 2 15.36 119
3 15.65 121
1 15.50 120
WaEx 2 13.36 103
3 12.94 100
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Fig. 8. Changes of peroxide values of the canola oils containing 0.02% of
each extract and other known antioxidants being stored at 60+2TC

for 30 days
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Fig. 9. Changes of peroxide values of the canola oils containing 0.05% of
each extract and other known antioxidants being stored at 60+2TC

for 30 days
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Fig. 10. Changes of peroxide values of the canola oils containing 0.1%6 of
each extract and other known antioxidants being stored at 60+2C

for 30 days
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Table 10. conjugated dienoic acid values(%) of corn germ oils containing
various concentrations of each citrus peel extract and other

known antioxidants being stored at 60+2Cfor 30 days

Storaged period(days)

Samples 0 3 6 9 12 15 18 21 24 27 30
control 026 042 099 104 128 154 180 240 254 3.02 387
TBHQ 026 026 027 027 026 028 029 030 036 042 153

BHT 024 029 043 068 096 125 146 154 201 237 321
ToCo 024 039 058 081 101 129 183 282 3.07 489 501

EAEx 1 023 042 068 101 124 154 174 235 231 273 356
2 022 039 069 09 123 142 172 224 172 219 360
3 024 033 063 059 107 121 148 174 171 207 3.02
ChEx 1 026 036 058 090 118 153 178 231 205 237 383
2 020 027 043 08 112 141 158 220 165 265 334
3 026 0206 054 073 108 123 155 187 201 215 316
EtEx 1 026 035 065 092 114 148 180 216 249 285 3.80
2 026 027 057 08 115 145 176 206 249 282 376
3 023 030 060 08 113 144 167 190 253 273 334
WaEx 1 023 040 090 1.00 127 153 180 234 273 299 387
2 024 029 068 08 117 149 177 222 241 3.02 384
3 024 025 061 078 112 149 157 18 236 28 335
-control : control —EtAc : ethyl acetate extract
-TBHQ : TBHQ 0.02% —CHCIs : chloroform extract
-BHT : BHT 0.02% -EtOH : 70% ethanol extract
-ToCo : a-Tocopherol 0.02% -WaEx : water extract

1 : 0.02% adding of extract
2 : 0.05% adding of extract
3 : 0.1% adding of extract
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Fig. 11. Changes of conjugated dienoic acid values of the corn germ oils
containing 0.0296 of each extract and other known antioxidants

being stored at 60+2Cfor 30 days
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Fig. 12. Changes of conjugated dienoic acid values of the corn germ oils
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being stored at 60+2Cfor 30 days
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Fig. 13. Changes of conjugated dienoic acid values of the corn germ oils
containing 0.19%6 of each extract and other known antioxidants

being stored at 60+2Cfor 30 days
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Table 11. conjugated dienoic acid values(%) of canola oils containing
various concentrations of each citrus peel extract and other

known antioxidants being stored at 60+2Cfor 30 days

Storaged period(days)
Samples 0 3 6 9 12 15 18 21 24 27 30

control 029 056 057 069 083 105 18 196 318 369 3.8
TBHQ 033 031 031 032 031 032 029 053 033 065 094
BHT 030 043 043 059 067 083 146 161 201 244 243
ToCo 030 038 052 067 076 096 193 2.04 351 404 486

EAEx 1 028 052 033 069 08 100 167 18 316 365 284
2 030 037 046 068 078 080 164 138 313 357 272
3 030 036 052 065 079 093 151 135 240 347 253
ChEx 1 030 038 051 069 082 093 18 154 318 365 2.69
2 030 034 050 069 081 097 1.8 150 293 363 254
3 031 032 048 048 079 097 155 131 255 340 @ 2.69
EtEx 1 030 038 057 051 083 108 176 195 291 347 270
2 030 037 051 069 083 107 180 193 287 355 290
3 029 034 048 067 081 1.04 177 168 282 344 265
WaEx 1 030 038 051 069 083 134 184 199 314 368 259
2 030 036 055 050 083 131 1.78 197 304 353 296
3 029 036 050 050 082 1.00 177 176 264 344 278
-control : control -EtAc : ethyl acetate extract
-TBHQ : TBHQ 0.02% —CHCI3 : chloroform extract
-BHT : BHT 0.02% -EtOH :@ 70% ethanol extract
-ToCo : a—Tocopherol 0.02% -WaEx : water extract

1 : 0.02% adding of extract
2 : 0.05% adding of extract
3 : 0.1% adding of extract
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Fig. 14. Changes of conjugated dienoic acid values of the canola oils
containing 0.02% of each extract and other known antioxidants

being stored at 60+2Cfor 30 days
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Table 12. Acid values of the corn germ oils containing 0.05% extracts of

each citrus peel and other known antioxidants heated at 180+2Cfor 24 ours

Heating Time(hrs)

Samples 0 0.5 1 1.5 2 3 6 12 18 24
control  0.07 0.11 0.12 0.20 0.27 0.30 0.49 0.53 0.73 0.78
TBHQ 0.05 010 011 0.13 0.14 0.14 0.33 0.33 0.33 0.46
BHT 0.07 010 012 0.13 0.14 0.24 0.33 0.46 0.46 0.57
ToCo 0.05 008 011 0.12 0.13 0.20 0.27 0.39 0.58 0.52

EAEx 2 0.07 0.08  0.09 0.11 0.12 0.15 0.33 0.36 0.47 0.52
ChEx 2 0.05 0.09  0.09 0.12 0.12 0.15 0.33 0.36 0.53 0.63
EtEx 2 0.07 012 012 0.13 0.14 0.21 0.43 0.47 0.63 0.71

WaEx 2 0.05 0.11 0.11 0.14 0.15 0.24 0.40 0.52 0.52 0.66

-control : control -EtAc 2 : ethyl acetate extract 0.05%
-TBHQ : TBHQ 0.02% —CHCI3 2 : chloroform extract 0.05%
-BHT : BHT 0.02% —-EtOH 2 : 70% ethanol extract 0.05%
-ToCo : a—Tocopherol 0.02% -WaEx 2 ! water extract 0.05%
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Table 13. Acid values of the canola oils containing 0.05% extracts of the
citrus peel and other known antioxidants heated at 180+2Cfor 24

ours

Heating Time(hrs)

Samples 0 0.5 1 15 2 3 6 12 18 24
control 0.05 0.06 0.07 0.08 0.08 0.08 0.09 0.09 0.21 0.27
TBHQ 0.05 0.06 0.06 0.07 0.06 0.07 0.08 0.08 0.14 0.21
BHT 0.05 0.06 0.06 0.06 0.07 0.07 0.09 0.09 0.21 0.27
ToCo 0.05 0.05 0.05 0.06 0.06 0.07 0.07 0.09 0.14 0.20

EAEx 2 0.05 0.05 0.05 0.06 0.06 0.07 0.07 0.08 0.13 0.20
ChEx 2 0.05 0.05 0.05 0.06 0.06 0.07 0.07 0.08 0.13 0.19
EtEx 2 0.05 0.05 0.06 0.06 0.06 0.07 0.07 0.09 0.14 0.21

WaEx 2 0.05 0.05 0.06 0.07 0.07 0.07 0.08 0.09 0.15 0.24

-control : control -EtAc 2 : ethyl acetate extract 0.05%
-TBHQ : TBHQ 0.02% —CHCls 2 : chloroform extract 0.05%
-BHT : BHT 0.02% —-EtOH 2 : 70% ethanol extract 0.05%
-ToCo : a-Tocopherol 0.02% -WaEx 2 : water extract 0.05%
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Table 14. Iodine values of the corn germ oils containing 0.05% extracts of
the citrus peel and other known antioxidants heated at 180£2TC

for 24 ours

Heating Time(hrs)

Samples 0 05 1 15 2 3 6 12 18 24
control  119.29 11887 113.80 110.37 110.87 109.48 107.89 107.14 106.43 105.36
TBHQ 122.22 12297 121.07 11946 114.18 11215 10954 108.33 108.83 108.08
BHT 12559 120.67 116.29 116.16 114.36 111.31 110.37 108.36 108.11 107.98
ToCo 122.17 120.14 117.02 118.26 116,53 109.60 108.38 107.17 106.07 105.31

EAEx 2 124.89 12255 121.33 12080 11691 11149 111.82 110.06 109.51 108.22
ChEx 2 12595 123.25 119.10 11811 11477 11310 11091 110.34 109.16 107.26
EtEx 2 124.06 121.46 116.99 11657 113.06 110.77 109.24 109.79 108.31 107.20

WaEx 2 122.07 120.59 116.74 11587 11374 11348 10898 109.06 108.64 106.78

-control : control -EtAc 2 : ethyl acetate extract 0.05%
-TBHQ : TBHQ 0.02% —CHCIs3 2 : chloroform extract 0.05%
-BHT : BHT 0.02% —-EtOH 2 : 70% ethanol extract 0.05%
-ToCo : a—Tocopherol 0.02% -WaEx 2 : water extract 0.05%
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Fig. 19. Changes of Iodine values of the corn germ oil containing 0.05%

extracts of the citrus peel and other known antioxidants heated

at 1802 Cfor 24 hours
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Table 15. Iodine values of the canola oils containing 0.05% extracts of the
citrus peel and other known antioxidants heated at 180£2Cfor 24

ours

Heating Time(hrs)

Samples 0 05 1 15 2 3 6 12 18 24

control  120.24 121.22 121.06 120.25 11948 119.81 117.05 116,50 11499 114.87
TBHQ 12391 12246 121.58 121.20 120.56 120.49 119.36 117.82 11618 115.67
BHT 12144 121.26 120.82 120.72 120.46 119.95 119.00 117.70 116.02 116.07
ToCo 12391 12355 12246 12274 121.08 119.69 117.65 114.44 105.70 104.46
EtAc 2 12253 12257 12277 12194 121.44 120.85 119.74 11819 11760 116.01
CHCl; 2 12279 12207 121.25 120.19 11933 11894 11766 117.04 117.87 116.38
EtOH 2 11993 11940 11833 118.02 11856 11795 11689 115.61 114.75 11047
WaEx 2 12053 120.68 120,58 119.78 11820 11766 116.77 11545 114.67 112.93

—control : control -EtAc 2 : ethyl acetate extract 0.05%
-TBHQ : TBHQ 0.02% —CHCI3 2 : chloroform extract 0.05%
-BHT : BHT 0.02% —-EtOH 2 : 70% ethanol extract 0.05%
-ToCo : a—Tocopherol 0.02% -WaEx 2 ! water extract 0.05%
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Fig. 20. Changes of Iodine values of the canola oil containing 0.05%
extracts of the citrus peel and other known antioxidants heated at

180+2Cfor 24 hours
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Table 16. The sensory evaluation of the citrus peel containing poundcake

upon adding amount of citrus peel

Adding amount of citrus peel (%, w/w, flour)

ftems 0% 10% 20% 30%
Color™ 3.87 £1.64° 5.60 +1.45° 6.27 £1.33° 7.47 +£0.99°
Flavor™* 3.53 +1.55° 4.47 £1.25° 587 +1.30° 7.47 +0.92°
Taste™ 3.93 +1.75° 5.00 £1.65° 5.67 +1.05° 7.53 +£0.92°
Texture” 4.60 £1.99° 5.80 +£1.32*° 6.00 £1.56° 6.60 £1.55°

Mouth feeling”™” 427 +1.87° 567 £1.59° 5.87 +1.55° 7.07 +1.39°

Overall

_— 3.93 £1.67° 5.67 £1.63° 6.07 +1.33° 7.53 +0.83°
acceptability

“p < 0.01, 7p < 0.001, “p < 0.002
a—-d : same letters indicate no significant difference
Means=S.D.

Sensory score : 1(very bad) to 9(very good)

—e— control
—— 10%
—— 20%
—%— 30%

Overall acceptaility 4

Mouth feeling

Texture

Fig. 22. QDA profile of pound cake substituted with different levels of

citrus peel
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Table 17. Hunter's L, a, b values in the pound cakes containing various

amounts of citrus peel

ftem Adding amount of citrus peel (%, w/w, flour)
control 10% 20% 30%
L 76.66+0.36° 74.50+£0.27°  73.46%£27°  68.24%0.36°
a 3.44+0.03% 3.53+0.1% 3.56+0.02°  3.97+0.01°
b 19.76+0.16° 20.41+0.31° 20.12+0.14°° °21.54+0.22°
p < 0.001

a—-d ! same letters indicate no significant difference

Means=S.D.
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Table 18. Hardness of pound cakes added with various amounts of citrus peel

Adding amount of citrus peel (%, w/w, flour)

control 10% 20% 30%

Hardness | 859.72+0.71%  840.00+0.72° 787.24+0.45° 690.97+0.26°

p < 0.001
a-d : same letters indicate no significant difference

Means=S.D.

900
800
700
600
500
400
300
200
100

control 10% 20% 30%

Fig. 23. Hardness of pound cakes added with various amounts of citrus peel
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ABSTRACT

A study on the antioxidative effect of various extracts from

citrus peels and cooking property of citrus peels pound cake

Kim, mi nyun
Department of Food & Nutrition
Graduate School of

Sungshin Women's University

In this study, The citrus peel extracts used in this study were ethyl
acetate(EtAc), chloroform(CHCIl3), 70%  ethanol(EtOH) and  water.
Antioxidative were determined by peroxide value(POV), conjugated diene
value(CPV) storaged for 30 days at 60t2C and by acid value(AV), iodine
value(IV) heated at 180+2C on corn germ oil and canola oil used as
substrates in this study.

These values were determined upon adding concentration as 0.02, 0.05,

0.1% of each extraction various solvents from freeze dried citrus peel and



their antioxidative effects were compared with TBHQ(0.02%), BHT(0.02%),
alpha-tocopherol(0.02%). At that time, the antioxidative effects were
determined by such as POV, IP(induction period), RAE(relative antioxidant
effectiveness) and also CDV in case of antioxidative. While in case of
thermal oxidation, the antioxidative effects were determined by AV, IV.
70% Methanol extract from freeze dried citrus peel were determined by
EDAC(electron donating ability), amounts of polyphenol and nitrite
scavenging effect.

In order to fine out the application of also citrus peel to pound cake
preparation, physicochemical properties of pound cake containing 10, 20,
30% boil citrus peel down in sugar were measured hardness by texture
analyzer and Hunter’'s L, ab values of these were determined, and also

sensory evaluation was carried on those pound cake.

The results were obtained as follows:

1. Proximate compositions of citrus peels used in this study were like
these, raw material and dry freezing material moisture is each 69.4, 5.45%,
crude fat 0.7, 4.1%, crude protein 0.2, 0.3%, crude ash 0.7, 0.8%, crude fiber
0.3, 0.5% and reducing sugar 0.93, 6.18%.

The extraction yield ratios of citrus peel by various solvents were 1.6% in
ethyl acetate, 1.4% in chloroform, 44.09% in 70% ethanol, 30.78% in water,
respectively.

The amounts of polyphenol was measured as 835.8mg% in citrus peel.



2. The EDA/(electron donating ability) of 0.1, 0.02, 0.01% was measure as
level of 89.6, 85, 81.3%. It's EDA was lower than BHT(96.72%) but 0.1%
methanol extract in citrus peel(89.6%) was similar to a-tocopherol(90.2%).
The nitrite scavenging effects of citrus peel were determined as the level
of 344%((PH 1.2) and 19.5%(PH7.0). The pH of react solution is more

acidic, the nitrite scavenging effect is more increased.

3. The order of antioxidatives of extracts by POV, IP and RAE in corn
germ oil were shown as TBHQ>BHT>ToCo>ChEx>EAEx>EtEx>WaEx>
control, canola oil TBHQ>ChEx>EAEx>BHT>EtEx>WaEx>ToCo>control.
And the order of CDV of extracts were shown as TBHQ>BHT>ToCo>
ChEx>EAEx>EtEx>WaEx>control in corn germ oil, and TBHQ>BHT>
ChEx>EAEx>ToCo>EtEx>WaEx>control in canola oil.

4. The antioxidative activity of citrus peels extracts in case of thermal
oxidative at 180+2C for corn gern oil and canola o0il were shown that
EAEx and ChEx had similar effect to TBHQ but considerably higher
effects than BHT by AV and IV.

5. By the results of sensory evaluation, about pound cake prepared of
citrus peel at level of 0, 10, 20, 30% adding amounts for wheat flour(w/w),
the color(7.47), flavor(7.47), taste(7.53), texture(6.60), mouth feeling(7.07)
and overall acceptability(7.53) citrus peel pound cake containing of 30%

citrus peel were shown as the most significantly.



6. In Hunter’'s L, ab of citrus peel containing pound cakes by color
intensity, brightness(L) was higher in citrus peel containing amount smaller
but redness(a) and yellowness(b) were higher in higher containing amount.
The hardness of there pound cakes were measured as 859.72+0.71(control),
840+0.72(10%), 787.24+0.45(20%), 690.97+0.26(30%). So their hardness were

higher in citrus peel containing amount smaller.

In these researches, it will be recommended that EAEx and EtEx of citrus
peel can be used as antioxidant on corn germ oil and canola oil. And in
making pound cake, 30% citrus peel adding amount for wheat flour(w/w)
could recommended in order to increase of nutritional effects and desirable

palatability of pound cake.
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