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Abstract

The study was carried out to compare the antioxidant activities of products from caramel-type-browning reaction of
xylose(XY), glucose(GL), sucrose(SU), glucose + citric acid (GLCA), glucose + sodium citrate(GLSC), glucose +
glycine(GLGC) heated at 80, 120 or 140°C for 24 hr. 1. The hydrogen donating ability (HDA) of browning reaction
products was generally enhanced as the browning temperature and time increased. The HDAs of the browning reac-
tion products heated at 80°C for 24 hr were in the order of GLSC (0.387) > GLSC (0.362) > GLCA (0.301) > GL
(0.299) > XY (0.290) > SU (0.281). But they were in the order of GLSC (0.543) > SU (0.328) > GL (0.309) > GLGC
(0.325) > XY (0.298) > GLCA (0.275) under the condition of heating at 140°C for 24 hr. 2. The antioxidant activities
of the anhydrous ethanol extracts of the browning mixtures were inferior to that of TBHQ as measured in corn oil, but
SU was superior to tocopherol in its antioxidant activity. All the browning mixtures showed antioxidant activities
when heated at 80°C; however, only SU and GLCA showed the activites at 120 or 140°C. And the antioxidant activity
of the SU extract was higher than that of TOCO. The antioxidant activities of the ethanol extracts were in the order of
TBHQ > GLCA > GLGC > TOCO > SU > XY > GL > GLSC > control at 80°C, TBHQ > SU >TOCO > GLCA >

control > GLSC> XY > GL > GLGC at 120°C, and TBHQ > SU > TOCO > GLCA > control > GLSC > GLGC >
XY >GL at 140°C.
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Ahn'®& 7} 2359 carameld] 23 Wbl 3
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F71A == {714 9] caramel 2 3 wk-g-3} 3
ofu] :zAke] Maillard 24 3} ¥h-g-2] WIg-2- ko) u}E
Z7AXE2] FAEA-E 2484 xylose, glucose,
sucroseZ 27 80, 120 2 140°Cell A 12 & 24X 7F
Et A7 carameld ZA 3 Wh-S APA)FI= B4
ol glucose®l] citric acid®} sodium citrateE &3}3}
o carameld 23} W& A1FYA|F] 3L, = glucosed]|
glycineS 2718t Maillard®y 242} -85 1shA|A 3
A M S F 83 7 Fe] el i
(hydrogen donating ability, HDA, 8-4¥)S 248191,
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1. 48 M=E

1) AJeF

Caramel® 74 5} u}-S-of] A}8-8F 3= D-xylose,
D-glucose 2 sucrose(Junsei Chemical Co., Japan)°]
9lom, F7]AFS 2= citric acid(Junsei Chemical Co.,
Japan)¢} F-7]AtH 2 2= sodium citrate(Shin Yo Pure
Chemical Co., japan)& A}-8-3}1 v}

Maillard 724 3} BF-2-of| A}-£38} ofu] X ALS glycine
(Wako Pure Chemical Co., Japan)°]$l X, L ¢ 2E&
A|ekE-2- E5 (Junsei Chemical, Japany2 AH§-8}5ic}.

2) 718 Sl

Carameld] 243} uhg- AAJE2] s}l B3} S
NV AR X 19989 129 AlEH SaFFA)
3t 257))elHen, o5 Sl JdF Ee] b
54 Tuble 13 ZUSHFA AN 0F7) A5),

(D Peroxide value was determined by the A.O.C.S.
method and expressed asmiliequivallent’kg oil™

@ Acid value was determined by the method described
by Pearson”

® TIodine value was determined by the A.O.C.S.
method™

@ Refractive index was determined by the A.O.C.S.
method”™”

® Conjugated diene value was determined by thhe
A.OCS. method”

2. A oy
1) 223} vk-g-f o] ZA|
Carameld 243} vk-gN-2 A7) 9siA 0.1M9

Table 1. Some physico-chemical characteristics of corn
germ oil used as substrate

Peroxide value 0.64
Acid value 0.06
Todine value 128.1
Refractive index 1.4712
Conjugated diene value 0.27
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xylose(XY), glucose(GL), sucrose(SUYS 522 0.1M
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glucose-sodium citrate(GLSC)S- 200 m/2] v}t flask
ol 100mP¥ el @2 F 80, 120, 140°CE f-x]%
oil bath AellA] 2447t 7}dsbaia] A5 wkg-S %18
Al F et

& Maillard 244 3} wh-g-3} v]23}7) $ls] 0.1M9)
glucoseol] 0.1M glycineg 5% &33} glucose-glycine
(GLGC)S caramel® 213} ub-g-7} FU3 =04
Tds g og 25 wg-g A A

2) Caramel ZA 3} ¥k AAES| £AFTAS 234

A 3} vk Algele] 4435 (hydrogen donating
ability, HDAYS- LH2} Be] whg™e 93 A3l
o3} el A8k

&, DPPH(l,l-phenyl-2-picryl hydrazyl)¢] 34
& ©] 83} 99.5% enthanole] 43417 1.5%10*M
DPPH 4mi, 02M <IA¢E3l(pH 6.6) 4 mi¢} 124]
8] M 3t 23}t ub-g | miZ vortex mixer® 2 &g
ate] 3087 WAAIZ] F HA F3E 525 nmel A F
BEFT A, ol PATATE et dg &
Fxo| 74 vEEA Jehgich

3) % 23t k3N 9] ethanol 252 ks &
3 &A

(1) 245 98 A 9] ethanol F2E2] 24|

7371 AN uhge] ofe] A oAl uhgel S
7z} 20mi® #3led rotary vacuum evaporator(Tokyo
Rikakikai Co., Japan) Aol|A 45.0+1.0°Col|AH et =
A7 F g Ak F4 ethanol 20migk F4
sodium sulfateZ- 7}ste] 150fzt WA WAjgt ¥ g4
ofF3jgiet. o] uf deoizl FEN-E WA BaAstwA F
Absl &9 &3 Age) Agslen

(2) A2} B3N ethanol 3589 43 551 &4

7} 74 3h ukgole] = ethanol 25 10 miE 7)
A Sl 200 goll 718} magnetic stirrer®. 2 wHE
alod GufE S A AsICh =3 SulF 200 goll F-
4 ethanol 10 miE 718 F &5 e A A2 AN
W22 sty ol 3 712 Akl 2 tocopherol
(TOCO)Z TBHQZE 71 Sl 0.02%W/wW)y4d 7}
g 5 A EE Ao o]} vlEElg )

o4z} ol - uhg FEE JAksAZL Aok
S-S 60+ 1L.O°CR )€ 27 HellM 3097F X%
A Zh Z|7PEE Sl RS Ao.cs g
o] 2]3}le] #AkEEZ) (peroxide value, POV)Z} Fojo| 5
Ab7HConjugated diene value, CDV)S &3 3} ¢ o}
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FTh o] F A7l A.0.CS. WV ulel UV-VIS
SpectrophotometerS- ARE-E}od 233 nmel|A] EFEE =
B F o Aoz AAdste,

CDV(%) = 0.84[As/bc] — Ko

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

As : absorbance of oil at 233 nm

be @ cell length in(cm)

C: oil concentration(g/l) of the final

(3) A4 A3 &3} (Relative Antioxidant Effec-
tiveness : RAE)AFS-

7} 743} kg o] B4 ethanol 550l Wg) Ak
3} 535 3 vlwslr) $isle] Ahn'Ye] AMEH Wby
o mhel A gals}t s Ayt &, 71 &
ul-5-9] HAREEZEe] 40 meg/kg oile] £2E w7l 2
287104 FErike s oMoz MAg o, gz
T #5717kl gt 2k 4 ethanol 58] HrHe
Sl =72 e ohg Aol oJsix Al ¥
A EIHRAE)E AtE3t .

RAE (%) = ls/lc X 100

Ic : Induction period of control
Is : Induction period of sample incubated with
antioxidant

. A8 23 « g

1. &85 B8 S Y89 42T 0ls

gALEA| 9] dublql Ak} ah8-S AT el% wke
2 A9E o gAn 45 394 A0 A9
A8 AFAE 34 Fol M AAFHE ROO-, R,
RO- 38 Bzl pAi(@Es AADHE T2 $8HY 5
2FAT(EE AAFTAT), & PUHo] 2938 2he-g
=R zZhA sl uks 27t AR Ale 5SS &2
7] ko] ol B 42TANE AT

ZHE A BE5 80, 120 I 140°Coll A 12, 2447} 71
sle] d& uhg F2F YA EEY $4F 9% (hydrogen
donating ability, HDA) Table 20| 4] X1 uv}g} 7ho)
carameld] ZHA 3} whg- YA E] BRI 23} vk
257} F71ge) uiel qA R FAE e

XY2| vhe2w 1l AlzPE whEAIAES] pAFenL
7hdA 0.2840]%] Hlo] 80°ColAM 12, 24X|7F 71HA) 7}
7+ 0.286, 0.290°] g1 21} 140°Coll M= 0.286 2 0.298

gz #e 3R] A 16 W Al 6 5(2000)
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Table 2. The hydrogen donating ability (HDA) of the
caramel type browning reaction products of heated at 80,
120 and 140°C for 0, 12 and 24 hrs, respectively

' HDA
Temp. ii‘f&:: Heating time (hrs) ‘
12~ 24

XY 0.284£0.003 0.286+£0.002" 0.290%0.003°
GL 0.279£0.001 0.289+0.023" 0.299+0.011°
SU 0.274£0.004 0.278£0.003" 0.281£0.003"

80C GLca 0273+0003 027620005 03010.002°

GLSC 02680002 0316+0.002" 0.362+0.001

GLGC 0297+0003 0.30420.002° 0.387+0.006"

XY 02840003 0.285+0.006" 0.291+0.004°

GL 02790001 0.290%0.005° 0.299+0.002°

.. Su 0274£0.004 0.292+0.005° 0.310£0.009°

120¢ GLCA 027320003 027610005 0.286%0.004°

GLSC  0.268£0.002 0.344£0.002° 0.49410.006"

GLGC 0297+0.003 0308+0.005" 0.356+0.004"

XY 0.284+0.003 0.286+0.003 0.298+0.031°

GL 0279£0.001 0.298+0.003° 0.309+0.004

La0C SU 0274+0.004 0.299+0.003° 0.328+0.003°

GLCA 0273%£0003 0274+0.005° 0.275+0.003°

GLSC  0268+0.002 049410003 0.543%0.003°

GLGC 0297+0.003 0.322+0.002° 0.325+0.004"
Values are Mean+ SD

*a, b and ¢ means in a column by different superscripts of
significantly different at P>0.05 by Duncan's test

XY :0.1M xylose Gl :0.1M glucose Su:0.1M sucrose

GLCA : 0.1M glucose + 0.02M citric acid

GLSA : 0.1M glucose + 0.02M sodium citrate

GLGC : 0.IM glucose + 0.1M glycine

2 uhge o) Asslna =24 F71elA] 4k GLE
Hzol 027991 o] 80°CellA 12, 2447k 7} xIR)
uhe AAE-2 Zh7} 0.289, 029901501 ALY o= vl
2257} Akl wlal 140°ColM 22t 0298 0.309
2 Ul SUE ivFodso] 7194 0.2798 XY,
GLEx} of7}h vigkort b3} uhg-2wvt A3l nle}
Z715)e] 140°CoIME 12, 24417 7FE A7) HRAIA B
2 0299 2 03282 XY, GL B} =9 &, XYy,
GL, SU9| HH$-E9] $4de52 714 XY>GL>
SU2| &olglert 120, 140°CoA 12, 24417 HRS-A|H
& A$ol= SUSGL>XYS] 02 =:27|7} vrehyte)
80°Col A 24217k w5 AAE A5 FhFdsS
GL>XY>SUZ vjeht} GL w2 &% uh3iA, SU=
FL 2% HbgoA FirFee] FE 4 4 sl

GLCAE 7}g3lol] 4xged%s-o] 0.2730]1 Zle] 80°C
AA 12, 2447 7} AIR) wHEE-S 0274 E 02752
Z7kstErt 140°Cel A WA 3 E AS$E 22 0276

fZzeFsts] R A 164 A 6 E(2000)

4 03012 ¥ 57} Aol vle) fAdeTe 7t
Asle] FF FE<l XY, GL, SUsE= o8 A4S 1B
At GLSG: aFelso] 3ol 02682 7F W9k
=9 80°Cl A 12, 24A17F 7FE A7 ¥ A ELS
0316 & 0.36201907 Al&H S F W w7} Al
w2} F71ste] 140°Col M= 22t 0494 F 054322
A5 7H @A FU18IAY &, GLSCY 4
Fode HG w9} A|7te] F7IRMo) whel AR|= A3
o]glom o] AT} & uhgA PHASE g9l o)
A Jebgohs BYs) dx)sig o

Maillard® #8482 GLGCY 44-F4%-2 Table
29} 7ol 12417 7t Aol HES-2 X7} 80°Cel| A
140°CR. 253t Wt 71she Ago 2 vepgod
24|17t 71A Aol = M=) 80°ColM 140°CE. A4
ol whel 0.387, 0356 2 03252 el 238 2
A2dtE FE B

2. st oty M=o |X[of st gttt 3t

A3 v AAES T4 ethamalE 358 7)3
Sul-foll A1 F 60+ 1°CellA 3047 AA8lEA
2o gt FAE AL BA] S5l AAEEF
(POV)F} A 0] FA7HCDV)E &A1 8 A3 7zt
Table 35} 4, Fig. 1, 2 ¥ 33 Z3tch

Table 394l R vl Zho| AR F37T Sl
ol &7 HAakElEghe 27] 0.64 megkg oilllA A
2 15900 36.74 meg/kg oil2 WP S, HEgkis)
A Q) tocopherol(TOCOYS H 713k 9= 7o) 0.58
meg/kg oile]® Zle] HA 159 Foll 32.89 meg/kg oil
<+ Jelgla, TBHQE 713t S 27) #4its)
=7%kel 031 megkg oildlA AR 15¢ Felle= 464
meg/kg oil & B

olaf FHo]FA} HA| Table 4914 Rz A3} 7o)
Hz=TF2] A5 AA 159 Fol 0.83, TOCOE A sk
Sul-f] 79 0.73, TBHQE 71t Salro 7-¢l
04002 A2 22 R th Aol vl
TBHQE 715t Sui-f] IitsEga} dolgabie
23] Wgkem, TOCOE A71st $ii2] FakslEzk
#H FYo|FArl HA] Y& Helv =3 TBHQE
718 Supfe] AAteEgEE A 30de] AR Fo
% 1530 meg/kg oil2A] HET2] 71.13 meg/kg oil,
TOCOS] 54.81 meg/kg oilRw} dlF29] 4,654, TOCO
o] 3584 A=e] ks s} lgieh. T olFAt
g Al 722 AFe|sl v

1) Xylose ZA g nl-5-22] Aksla =

Table 3, Fig. 1, 2 & 3lA] Ei= wls} Ze] 80,
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Table 3. The peroxide values (POV) of the corn oil containing the anhydrous ethanol extracts from the caramel type browning
reaction mixture of sugars heated 80, 120 and 140°C, respectively (meg/kg oil)

Reaction Heating Heating POY
. Te’mp. Time Storage period (days)
(© 0 2 4 7 10 s 20 25 30
Control 0.64£003° 1.97+0.028 997+0.02° 19.55+0.04° 32.85+0.04° 3674+ 0.04 43.94£0.03° 67.09£0.04* 71.13+006°
TOCO 0.58+0.02° 1.8610.04" 7.17£0.04" 18.87+£0.04" 30.8420.04" 32.89:+0.07° 39.93+0.03F 4827+£0.03° 54.81+0.04'
TBHQ 031+0.04° 1554003 33140.03" 3.58+001° 4.05+£002 4.64E004° 4962004 10.15£0.045 1530+0.05

0 032%002 197£002" 754+004° 865+£0.03% 22.18£0.03° 36.09£0.03" 41.5020.02 55.75£005° 7440£001°

80 12 063+0.09° 2014008 7.52+£0.07° 1346+007° 16.99=0.028 35.64+0.05° 40.89+0.09° 5843+0.01° 76.07+£0.02"

24 06410.04° 325£0.04° 7301005 9.48+005" 14.82+0.05" 36.131£0.03 39.64:£0.05° 6529+0.03° 78.99+0.01°

Xy 120 12 064£0.03" 602+£0.02° 8.12+004° 17.49£001° 2525+0.04° 37.38+0.05 52.42+0.01° 67.54-20.08° 77.85+0.01°
24 0642003" 621£0.01° 8.84+0.04° 17482005 20.61£0.05 35204006 53.94+0.09° 69.82+0.04° 79.41+0.05°

140 12 096£0.03" 256+0.05 6254005 825+0.04° 12.92+0.03° 32.68+0.01° 54.7710.04° 69.26+0.03° 77.34+007

24 097£003" 1.92+£002° 7.62+0.06° 17.6520.04™ 20.79+0.07 32.87+001" 57.98+0.09" 71.60+£0.01" 84.91+0.02°

0 0332002 3.641004" 8231003 12.8010.07 2073+0.08° 29.21£0.02° 45.82+0.05° 54.8510.05" 61.47£0.03°

80 12 0653005 4641008 9.24+0.09° 18.87+0.00° 2328+0.058 31.46::0.03° 41.224+0.09° 57931003 66.73+0.03"

24 06510.04° 7.68+£0.04 9.69+0.05" 1931005 24.23+0.04" 31.89+0.04° 40.93£0.04° 57.9410.04° 71.09+0.04°

GL 120 12 0651004 7.69£0.04> 9974004 1846:-0.04° 24.74+0.05" 41.94+:0.04 51.42+0.06° 74.681+0.08° 76.10+0.08°
24 065+0.06" 3.28+0.04° 9.62+0.05° 1825+£0.06™ 27.66+0.07° 4233+ 006" 50.14+0.05° 65.04+0.05° 73.02+0.01°

140 12 096%0.05 3.59+0.05" 3.98+0.04° 17.0410.05° 25.87+0.02° 41.49+0.08" 49.07£0.07° 65342007 65.02+0.01'

24 097£0.04" 3.87+£002° 4284005 12.83+0.02% 26.09+006 4337006 5892+0.01° 62.06-008" 67.24+0.08"

0 096+009° 2561007 9.78:0.02" 14.86+0.02" 26.58%0.09" 35.51+0.06° 40.82+0.02° 57.32+0.06" 78.69£0.06°

80 12 096%0.05" 249+0.06° 7.4520.06" 12.1510.06° 21.05+0.06° 30.08:-0.07° 39.61+0.04" 64.85+0.02° 74.85+0.02"

24 096+0.07° 255+£0.06° 7.69£0.08" 11.262008° 21.48+0.07 30.860.02° 39.96+0.06° 58.6820.06" 73.65+0.06°

SU 120 12 096+005° 3.00+005" 8.81£0.02° 17.30+£008" 2444+0.08° 31.28+0.07 39.79+0.03° 61.641:007° 83.12+0.07°
24 096+0.05" 3.19+£0.06> 6.5710.01° 1590%0.01% 28.0710.08 32471 0.04° 37.10£0.01° 60.74£0.02° 85.4410.06"

140 12 0641008 245+006° 4.23£0.06° 10.95£006° 1630£0.06° 26.72+0.07° 3571007 61.66+0.07 76.02%0.06'

24 064%0.06" 1.92+0.01° 4272008 11.94£0.07° 16311006 27.87£0.01 36.66+£0.08" 62.19£0.06" 87.43+0.08"

0 0.63%£0.04° 217007 2.8020.03" 10.28-+-0.07% 24.41+0.07° 29.29:-0.07° 44.50=0.06° 68.8120.05 85.49+0.06°

80 12 063£006° 217£0.05° 1.92+005" 9.07£0.08 18.60+0.06° 28.38=0.07° 39.814-0.02° 50.294+0.06° 63.14+0.06"

24 063+£007° 256005 2.552007° 5791007 12.94+0.02" 22.66+0.03° 39.5510.0% 51.02+0.08" 75.80£0.08°

GLCA 120 12 096+005" 278+008" 3.682006 5431006 21.8510.01° 30331006 4040+0.07° 57.54+007° 82.97+0.04°
24 0641003 2.81£001° 3204008 7.74£0.05° 2091+ 0.07° 3142008 41.32+0.06° 52322007 68.95+0.08"

140 12 096%0.05" 245+001° 463+009° 9.87+0.08" 21.28+0.06° 33.77£0.07 42.2510.06° 53.20£0.07° 68.97+0.08"

24 064+0.05* 1.92+£0.05 3361009° 7.81+0.08™ 25.1310.06" 34.32+0.07 43.80+0.07° 5478+£0.04° 62.40+0.08°

0  063+£0.06° 2.5620.05" 2.39+0.08" 188121007 26.91£0.05" 29.23+0.08" 44.09+-0.06° 56.89+0.01° 74.62+0.07

80 12 0.63£0.06° 2314007 3.78+0.07" 14104008 24.21£0.07¢ 29.5520.09° 41.40+0.07 57.21+0.09° 60.89+0.01"

24 0.63+£0.04° 2814005 4661006 151741008 24.22+001" 28.21+0.09" 40.83+0.028 67.00+£0.09° 72.01+0.09°

GLSC 120 12 095+007° 325+007° 7.34+001° 1791+001° 25584007 39.30+£0.08 53.59+0.07° 700+ 1001° 81.40+0.09°
24 095+0.10° 3.14£0.07° 7.11+0.07° 15.5820.07" 25311006 37.52+0.08" 50.61:+0.08° 69.85+0.02° 77.65+0.07°

140 12 095+0.12° 3.17£005° 4.35+001° 16752002° 28.68+0.01° 40.43+£0.06° 51.970.08 65.76+0.02° 74.36=0.05

24 095+0.07° 220+0.027 3524008 13662005 24.26+0.08" 36.35+0.06 51.11£0.09° 6630£0.07° 77.69+0.08

0  0.63£0.08 2.56+0.05 341£003" 17.7520.26 26.85+0.02° 31.85£0.02" 42.4840.02° 66.05=0.06° 100.370.08°

80 12 063£0.08° 2.31£0.07° 330+008 9.97+0.08 2027+0.08 2521+0.08° 40.01+0.09' 63.55+0.06° 8291+0.01"

24 0.63+£0.04° 2.81£0.05 3.132003" 8121007 16.54+0.07" 23.29+0.06° 39.92+0.01% 58.8320.02° 79.81£0.02°

GLGC 120 12 094£007° 3251007 4141005 9321007 25124006 38461007 57.89+0.01° 62.65+-0.08° 77.28+0.06"
24 0941007 3.14£007° 4051007 6461005 26.16+005 38.731£0.06 53.38+£0.07 65.08+£0.05° 78.28+0.08°

140 12 0941008 3.17£0.05° 3.18+007° 7.36£0.06" 2845+0.07° 33.48%0.08" 51.05+0.09° 6541+0.08° 81.27+0.01°

24 094%0.08" 281+0.17 2.87+007 12.06+0.07° 24.18+0.07° 38.29-0.01" 57.44£0.01° 67.66:0.05° 85.03+0.09°

Values are Mean = SD

*a,b,c,d,e, 1, g h,iandjmeans in a column by different superscripts of significantly different at P>0.05 by Duncan's test

XY : 0.1M xylose, GL : 0.1M glucose, SU : 0.1M sucrose, GLCA : 0.1M glucose + 0.02M citric acid GLCA : 0.1M glucose + 0.02M
sodium citrate, GLGC : 0.1M glucose + 0.1M glycine
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Table 4. The conjugated diene values(CDV) of corn oil containing the anhydrous ethanol extracts from the caramel type
browning reaction mixture of sugars heated 80, 120 and 140°C, respectively

Reacti Heating Heating DV
eaction g .
mixture Temp. Temp. Storage Period (days)

(O () 0 7 10 15 20 25 30
Control 039£003 0521006 056+005 083+£0.04° 010+£005° 1.18+004° 1924009
TOCO 0301004 0491003 050+004° 073+£005° 087+0.04° 1.02+007 1514005
TBHQ 0391005 0341004 0371005 04010.04° 0413003 0411005  045+0.04°

0 0341003  037+004° 039+£003° 076+£005 0.80+0.03° 088+003% 099005
80 12 0404003 0472005 051£002° 073£004° 095£006° 1.08+£0.04  124+0.03°
24 0374004  048£004° 0524004° 075£003° 093£004° 1.19+004° 1451003
XY 120 12 0414004 0524003 0791004 081+£002° 098+£0.04™ 1.17£003° 223+002°
24 0441003  069£003 079+004° 0.82+£003° 099£002"° 121+003* 225+0.03°
140 12 0501003  051+002° 051+£002° 076+003% 094+002° 119420037 235+004°
24 0524003 0641002 067+004° 0791003° 1.01£003° 1284004 215004
0 0361002 0481002 0551002° 073£0.02° 091£0.03° 099+0.02% 092+0.02°
80 12 0371002 048+003" 0524030 0812003 091£002" 1.18£0037 121+002°
: 24 0362002 041£003° 053:002° 0.82+003° 088£0.03° 125+0.02° 2.14+0.02°
GL 120 12 0394002 0531003 064£003 073£002° 089£0.02° 129+002° 2.16+0.02°
24 0374002 0571002 068+003" 081£0.02° 099+£0.02° 1.06£0.02° 2.12+0.03°
140 12 0394002 055+002° 0.69+003 0812003 090£003 092003  2.30+002°
24 0391002 043+002° 057+002° 071£003° 098+0.03°  1.13+£004> 232+001°
0 0421004  048£002° 062£002° 083£002° 099+£0.02" 1.14+£0.02% 1.17+£0.03"
80 12 037+002 0470000 052001 072+002° 0851002° 11620027 1691007
24 0341002  036£003° 0471002 074+£002° 086003 1.11£002° 1.73+£0.02°
SU 120 12 0391002 0481003 053£002° 078+£001° 091£002° 099+003* 1.77£0.02°
24 0381003  049+002° 0541003 072+£002¢ 092+003° 1.12+£003* 220+£0.03°
140 12 038+001  045+0.02° 052+003° 062+002° 088+001° 095£0.02° 198+0.03
24 0381003 0431002 051£002° 065£0.02° 0941003 1.13+002° 2.05+0.02°
0 038+002 032+001° 065+001° 0.89£002° 0921002 1.00£002% 1324003
80 12 035002  039+0.02° 0474003 0662003 084£003" 09710027 1.11+002°
24 0371002 039+0.02° 048+001° 0.68+002° 088£0.03° 096+0.02° 1.05+0.02°
GLCA 120 12 038+001  0481002° 0524+003" 078+£0.02° 085002 088+001° 1.32+002°
24 038+002 042+002° 049£002° 0.65+£0.02° 084£0.02° 091£0.02° 0.98+0.03°
140 12 039+002  040+0.03" 050003 0624001 076£001° 086£0027 1.09£003°
24 0381003 038+0.03° 048+003° 078+001° 080+002° 086003 0994002
0 0351002 066£002° 074£002° 077£002° 0.87£0.02% 1.07+£0.02% 129+0.02°
80 12 0464001 055003 0.61+002° 078+£003° 085+£0.02° 1.04+003" 1.18+003°
24 0361003  056+001° 062+001° 078003 089002 1.15+002° 245+003°
GLSC 120 12 0411002  063+002° 073+002° 096+003° 1274002 130+£002° 243+002°
24 0404002 0531002 068+002° 075£002° 101+002° 1224003* 237+£002°
140 12 0374002  049£002° 051£002 085£0.02% 099£003 1250027 2.05+003°
24 0371003  054+004* 052+0.03°  0.68+001° 0972002 126+0.03° 2274002
0 0371002 0681003 077£002° 089£002° 1.09+£002" 124%003% 125+002
80 12 0371001  045+0.02° 054+002° 070£0.03° 080+0.02° 1.03002°%  1.19£002°
24 0401003  043+0.02° 053+001° 070£0.02° 085+0.02° 1.12+£0.03" 2.03+£0.02°
GLGC 120 12 0391002 047+002° 062+003° 0641002° 080+£003° 199+£003"  2.08+003°
24 0371002 0431002 0621002 07410027 0994002 1.07+£0.03*° 220+£0.04°
140 12 0361002  047£002° 0681002 097£002° 097£003° 126+0037 225+002°
24 038+003 0472003 073£002° 088+£001° 098+£002° 127+0.02° 235+0.02°
Values are Mean + SD
*a,b,c,d,e,f, gand h means in a column by different superscripts of significantly different at P>0.05 by Duncan's test.

XY : 0.1IM xylose, GL : 0.1M glucose, SU : 0.1M sucrose, GLCA : 0.1M glucose + 0.02M citric acid GLSC : 0.1M glucose + 0.02M
sodium citrate, GLGC : 0.1M glucose + 0.1M glycine
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Fig. 1. Changes of peroxide value with storage period, of
the corn oil substrates containing equal amounts of ethanol
extracts taken from various sugars heated at 80°C for 24
hours.

XY :0.1M xylose GL:0.1M glucose SU : 0.1M sucrose
GLCA : 0.1M glucose + 0.02M citric acid

GLSC : 0.1M glucose + 0.02M sodium citrate

GLGC : 0.1M glucose + 0.1M glycine
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Fig. 2. Changes of peroxide value with storage period, of
the corn oil substrates containing equal amounts of ethanol
extracts taken from various sugars heated at 120°C for 24
hours.

XY :0.1M xylose GL:0.1M glucose SU : 0.1M sucrose
GLCA : 0.1M glucose + 0.02M citric acid

GLSC : 0.1M glucose + 0.02M sodium citrate

GLGC : 0.1M glucose + 0.1M glycine
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Fig. 3. Changes of peroxide value with storage period, of
the corn oil substrates containing equal amount ethanol
extracts taken from various sugars heated at 140°C for 24
hours.

XY :0.1M xylose GL:0.1M glucose SU : 0.1M sucrose
GLCA : 0.1M glucose + 0.02M citric acid

GLSC : 0.IM glucose + 0.02M sodium citrate

GLGC : 0.1M glucose + 0.1M glycine
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b 252 A1EE Sulfe] FasEgRE A 209
F zb7} 39,55, 41.32 2 42.80 meg/kg oilEA] =T
2] 43.93 meq/kg oilRth Wo} dALS} R3] 9l2-S &
T dgleh. AA7IZke] 259 A3 Fo| A EGE
7+t 51.03, 52.32 % 5478 meg/kg oil2 1 }E}} Fig.
1, 2 4 309} zho] FEIgt Ak} EAE E 4 9l
pei

ojdj FHo}FA7} Al XA 209 F 0.88, 0.84 &
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Table 5. Induction periods and relative antioxidant
effectiveness (RAE) of the control and the corn oil
containing tocopherol (TOCO) and equal amounts of
ethanol extracts of various caramel type browning
mixtures from at 80, 120 and 140°C in 12 and 24hrs,
respectively

Heating Heating time Induction RAE
temp(°C) (hrs)  period(days) (%)

Control 17.27 100.00
TOCO 20.29 117.49
0 18.61 107.75

80 12 19.15 110.89

24 1991 115.28

XY 120 12 15.87 91.89
24 16.28 94.27

140 12 16.42 95.08

24 15.40 89.17

0 18.25 105.67

80 12 19.15 111.89

24 19.72 114.18

GL 120 12 16.31 94.54
24 1591 9228

140 12 14.52 84.08

24 14.02 81.18

0 19.18 111.03

80 12 19.58 11335

24 20.01 115.87

SU 120 12 20.05 116.10
24 2048 118.59

140 12 20.60 119.28

24 20.85 120.73

0 18.52 107.23

80 12 20.12 116.85

24 21.57 12448

GLCA 120 12 19.81 114.71
24 19.43 112.51

140 12 18.68 108.16

24 18.36 106.31

0 18.62 107.82

80 12 18.93 109.61

24 19.51 113.75

GLSC 120 12 15.26 88.36
24 16.33 94.56

140 12 14.82 85.81

24 15.88 91.35

0 18.83 109.03

80 12 19.85 114.84

24 20.81 120.49

GLGC 120 12 15.40 89.17
24 15.90 92.07

140 12 16.86 97.63

24 1541 89.23

XY : 0.1M xylose, GL : 0.1M glucose, Su : 0.1M sucrose, GLCA :
0.1M glucose + 0.02M citric acid GLSA : 0.1M glucose + 0.02M
sodium citrate, GLGC : 0.1M glucose + 0.1M glycine
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Fig. 4. Relative antioxidant effectiveness (RAE) of the
control and the corn oil containing tocopherol (TOCO) and
equal amounts of ethanol of various caramel type
browning mixtures from at 80°C, 120°C, 140°C in 24hrs,
respectively.

XY :0.1M xylose GL:0.1M glucose SU : 0.1M sucrose
GLCA : 0.1M glucose + 0.02M citric acid

GLSC : 0.1M glucose + 0.02M sodium citrate

GLGC : 0.1M glucose + 0.1M glycine
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