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A study on the relations between the color intensity and

the antioxidant activity of caramelization products
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Dept. of Food and Nutrition, Sungshin Women’s University*

Abstract

The study was carried out to compare the relation between the color intensity and antioxidant activity of
caramelization products using xylose(XY), glucose(GL), sucrose(SU), glucose+citric acid(GLCA), glucose+sodium
citrate(GLSC), heated at 80, 120 and 140°C for 24hrs, respectively. The color intensity(absorbance at 490nm) of
the browning mixtures increased as the browning temperature and time increased. But the degrees of color
intensity of SU and GLCA changed very little. The hydrogen donating ability(HDA) of browning reaction
products was generally enhanced as the browning temperature and time increased. When browning mixtures

were heated at 80°C,

at 120 and 1407

the HDA of GLGC was the highest, but the HDA of GLSC was the highest when heated
. The antioxidant activities for the corn oil substrate containing the anhydrous ethanol extracts

from the browning mixtures was inferior to that of SU, but was superior to that of GLCA. The relations
among the color intensity, the antioxidant activity, and the hydrogen donating ability(HDA, reducing power) of
the browning reaction mixtures were as follows: As the color intensity increased, the antioxidant activity
decreased. The correlation coefficient of the color intensity and the antioxidant activity by regression equation
was -0.73~-0.82. As the reducing power increased, the antioxidant activity decreased. The correlation coefficient
between the reducing power and the antioxidant activity by regression equation was -0.98~-0.99. Therefore, the
antioxidant activity of browning reaction mixtures seemed not correlated with the color intensity and the

reducing power.

Key word : caramel type browning reaction, color intensity, hydrogen donating ability, antioxidant activity.
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1. AEl=

ZHE= D-xylose, D-glucose 9  sucrose(Junsei
Chemical Co., Japam)o]Qlem, HI71Fo 2= citric
acid (Junsei Chemical Co., Japan)9} F7]3lgo 2=
sodium citrate(Shin Yo Piwe Chemical Co., Japan)g-
ALgStth #dE 742 $8i DPPH(, 1-phenyl-2
picrylhydrazyl, Sigma Chemical Co., USA)E M85}

gon, I 9 BE A¢5L EF(Junsei Chemical
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xylose (XY), glucose (GL), sucrose (SU)<t 0.1M2)
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RAE(%) : Isflc x 100

Ic : Induction period of control
Is : Induction period of sample incubated with
antioxidant
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GLSC > XY > GL > SU > GLCA %% 80 %

Table 1. Color intensity(at 490 nm) of caramel type
browning reaction mixtures at various sets of reaction
temperature and time

Heating Reaction Heating time(hrs)

temp. mixture 12 24
XY 0.00320.00" 0.006:0.001"
GL 0.002:0.001%  0.005+0.001°

80°C SU 0.001+0.001  0.003+0.000"
GLCA 0+0.001° 0.002+0.001°
GLSC 0.027+0.001"  0.069+0.001°
XY 0.367+0.002° 0.613+0.003"
GL 0315+0.002°  0.576+0.003°

120C SU 0.132£0.002°  0.181:0.001°
GLCA 0.042:0.006°  0.125+0.002°
GLSC 039410002  0.884+0.002°
XY 0.011+0.002° 2.307+0.002°
GL 1.023+0.001°  2.094+0.003°

140°C SU 0.081+0.001°  0.611+0.001°
GLCA 0.162+0.001°  0.315+0.002°
GLSC 1.093+0.002°  2.956+0.003"

Values are Mean +SD

*a, b, ¢, d and e means in each column by different
superscripts of significamly different at P<0.05 by
Duncan’s test

XY : 0.1 M xylose

GL : 0.1 M glucose

SU : 0.1 M sucrose

GLCA : 0.1 M glucose + 0.02 M citric acid
GLSC : 0.1 M glucose + 0.02 M sodium citrate
GLGC : 0.1 M glucose + 0.1 M glycine
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Table 2. The hydrogen dona‘ing ability (HDA) of the TJ‘:’ As= F7behs BRI

caramel type browning react.on products heated at 80, ol ZE AdM £ ¢ e 2% VSE
120 and 140°C for 0, 12 anc. 24 hrs, respectively. o £ATAEL dHgY¥ez Mg viger g
Temp. Reaction Heatinclr{lt)i:e s BEg A7)l F7 e wE} F/SIEoER vEe
() = & #2395 A s d72F

mixture 0 12 24

XY  0284+0.003" 0.285+0.002° 0.290+0.003°
GL  0.279+0.00° 0.289+0.00° 0.299:0.011°
80 SU  0.274+0.004° 0.276+0.003° 0.281+0.003° IS HIS AMMS20] 2 5} SlAISL &1
GLCA 0.273+0.003° 0.276+0.005° 0.301+0.002° 3. dust IS WUl [ et B S

: pe R | o = ol i

GLSC  0.268+0.002° 0.316+0.002" 0.362+0.001° Table 31 A1 EL_ Feb 2ol XYe }29 = 140_C

XY 02840003 0.285:0.002° 0.291:0.004° A 24A17r MG wEA XYY FEES TS

GL  0.279+0.00° 0.291+0.001° 0.299+0.002° o 2ul&9 POVE A7 209 AF & x99

120 SU  0.274+0.004° 0.293+0.001° 0.310+0.001° B 5L o 80T o] dAs I} Yo

GLCA 0.273+0.003° 0.277+0.001° 0.286+0.004°

o} 2= @)
GLSC  0.268+0.002° 0.344+0.002" 0.494+0.003° 2 7 AT

XY  0.284:0.003° 0286+0.003° 0.298+0.003° GLS 7 80, 120 = 140TColA 2427 71 &

GL  0.279:0.001° 0.298+0.001° 0.309+0.001° Hex=2Ro] H7E SWle9 POVE AF 209

0| S oeoms mowr auT g s MRdE A WA A2 A

GLSC 0:268;0:002“ 0:494;0:003“ 0:543;0:003” gt 120 9 M0TCAM = deTHT w2

Values are Mean<SD o]AL 02M glucose AL 110CAA 71E3
*a, b, ¢ and d means in each column by different caramel® ZM 35} vk olo] B ethanolFEEo] 3
;Jrszsa?:ttsesc:f significantly di‘ferent at P<0.05 by 8 5§ v|Rdo] YRTRT %t ¥e POVE
XY : 0.1 M xylose RolmA  gF4tst iRE EC’%%%‘:}"E Hﬂé)g}'
Gl : 0.1 M glucose 0.1M glucose &4 & 130ColA 71RA%F carameld 2
?EIIJ_C:AO.'l ONi ?\L’;a(;secose + 002 M cimic acid Ask wgeel B ehunoldEFol Wb W7
GLSC :. 0..1 M ggll\llcose + O.b.’! M sodiun:l citrate 71de] HETHY F& POVE 2ef st 2
GLGC : 0.1 M glucose + 0.1 M glycine 7 e B398 "ol B o GLE 120T¢]
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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 1407, respectively (meg/kg oil)

Reaction Heating He.ating POY
Mixture Temp. Time Storage period (days)
(0) (hrs) 0 10 20 30
Control 0.64+0.03° 32.85:0.04" 43.9410.03° 71.13+0.06
0 0.32+0.02° 22.18+0.03° 41.50+0.02° 74.40+0.01°
80 12 0.63+0.09 16.99+0.02° 40.89+0.09' 76.07+0.02"
24 0.64+0.04° 14.82+0.05" 39.64+0.05¢ 78.99+0,01°
XY 120 12 0.64+0.03° 25.25+0.04° 52.42+0.01" 77.85+0.01°
24 0.64+0.03" 20.61+0.05° 53.94+0,09° 79.41+0.05°
140 12 0.96+0.03 12.92+0.03° 54.77+0.04° 77.34+0.07"
24 0.97+0.03° 20,79+0.07" 57.98+0.09° 84.91+0.02°
0 0.33+0.02° 20.73+0.08° 45.82+0.05° 61.47+0.03°
80 12 0.65+0.05" 23.28+0.05° 41.22+0.09" 66.73+0.03"
24 0.65+0.04" 24.23+0.04" 40.93+0.04° 71.09+0.04°
GL 120 12 0.65+0.04" 24.74+0.05° 51.42+0.06° 76.10+0.08"
24 0.65+0.06" 27.66+0.07° 50.14+0.05° 73.02+0.01°
140 12 0.96+0.05" 25.87+0.02° 49.07+0.07° 65.02+0.01"
24 0.97+0.04" 26.09+0.06' 58.92+0.01° 67.24+0.08°
0 0.96+0.09° 26.58+0.09° 40.82+0.02° 78.69+0.06°
80 12 0.96+0.05" 21.05+0.06° 39.61+0.04" 74.85+0.02"
24 0.96+0.07° 2148+0.07 - 39.96+0.06¢ 73.65+0.06°
SU 120 12 0.96+0.05° 24.44+0.08° 39.79+0.03" 83.120.07°
24 0.96+0.05" 28.07+0.08° 37.10:0.01° 85.44+0.06"
140 12 0.64+0.08" 16.30+0.06° 35.71+0.07° 76.02+0.06'
24 0.64+0.06" 16.31+0.06' 36.66+0.08" 87.43+0.08"
0 0.63+0.04° 24.41+0.07" 44.50+0.06° 85.49+0.06°
80 12 0.63+0.06° 18.60+0.06° 39.81+0.02" 63.14+0.06"
24 0.63+0.07° 12.94+0.02" 39.55+0.09* 75.80+0.08°
GLCA 120 12 0.96+0.05" 21.85+0.01° 40.40+0.07° 82.97+0.04°
24 0.6410.03" 20.91+0.07° 41.32+0.06° 68.95+0.08°
140 12 0.96+0.05* 21.28+0.06° 42.25+0.06° 68.97+0.08'
24 0.64+0.05" 25.13+0.06' 43.80+0.07" 62.40+0.08°
0 0.63+0.06° 26.91+0.05° 44.09+0.06° 74.62+0.07°
80 12 0.63+0.06" 24.21+0.07° 41.40+0.07" 60.89+0.01"
24 0.63+0.04" 24.22+0.01" 40.83+0.02° 72.01+0.09°
GLSC 120 12 0.95+0.07° 25.58+0.07° 53.59+0.07° 81.40+0.09°
24 0.95+0.10° 25.31+0.06° 50.61+0.08° 77.65+0.07°
140 12 0.95+0.12° 28.68+0.01° 51.97+0.08° 74.360.05'
24 0.95+0.07* 24.26+0.08' 51.11+0.09° 77.69+0.08"

Values are Mean +

SD

*a, b ¢ d e f g h iandj means in each column by different superscripts of significantly different at P>0.05 by

Duncan’s test

XY : 0.1IM xylose, GL : 0.IM glucose, Su : 0.IM sucrose, GLCA : 0.1M glucose + 0.0ZM citric acid
GLSA : 0.1M glucose + 0.02M sodium citrate, GLGC : 0.1M glucose + 0.1M glycine

- 607 - FFx f3ts A A 18F A65(2002)



52

SRERE LR

Table 4. Induction periods and relative antioxidant
effectiveness (RAE) of the control and equal amounts
of ethanol extracts of various caramel type browning
mixtures heated at 80, 120 and 140 for 12 and
24hrs, respectively

Heating Heating  Induction RAE
femp time period (%)
(©) (rs) (days)

Control 17.27 100.00
0 18.61 107.75
80 2 19.15 110.89
24 1991 115.28

XY 120 2 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 92.28

140 12 14.52 84.08

24 14.02 81.18
0 19.18 111.03
80 12 19.58 113.33
2% 20.01 118.87
SU 120 2 20.05 116.10
24 20.48 120.59
140 12 20.60 122.28
24 20.85 126.73
C 18.52 107.23
80 12 20.12 116.85
24 21.57 124.48
GLCA 120 12 19.81 11471
2¢. 19.43 112.51
140 12 18.68 108.16
2¢. 18.36 106.31
0 18.62 107.82
80 1z 18.93 109.61
24 19.51 113.75

GLSC 120 12 1526 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 1590 9207

140 12 16.86 97.63

24 15.41 §9.23

XY : 0.IM xylose
GL : 0.1M glucose
SU : 0.1M sucrose
GLCA : 0.1IM glucose + 0.02M citric acid

GLSA : 0.1M glucose + 0.02M sodium citrate

GLGC : 0.IM glucose + 0.1M glycine
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Table 5. The color intensity and hydrogen donating ability of the browning reaction mixtures heated at 80, 120 and

140C for 24hrs, respectively.

Reaction Color intensity at 490nm Hydrogen donating ability(HDA)
mixture 80T 120°C 1407 80 120C 1407
XY 0.006 0.613 2.307 0.290 0.291 0.298
GL 0.005 0.576 2.094 0.299 0.299 0.309
SU 0.003 0.181 0.611 0.281 0.310 0.328
GLCA 0.002 0.125 0.315 0.301 0.286 0.275
GLSC 0.069 0.884 2.956 0.362 0.494 0.543

E 9ox 92 %7]|e) ¥4 H+= amino-reductoneo]

Table 6. The regression equation and correlation
coefficients between the color intensity and hydrogen
donating ability of the browning reaction mixtures
heated at 80, 120 and 140TC for 24hrs, respectively.
Reaction mixture Regression equation Correlation coefficient

XY Y=-5.31X +19.83 -0.99

GL Y=-5.73X +20.97 -0.99

SuU Y=-6.27X +20.03 -0.99

GLCA Y=-5.69X+ 19.30 -0.92

GLSC Y=-5.92X+18.33 -0.99
X : color intensity Y : HDA
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Table 7. The color intensity and relative antioxidant effectiveness of the caramel type browing reation mixture heated at

80, 120 and 140°C for 24 hrs, respectively.

Color intensity at 490nm

Reaction 80°C 120°C 140G Relative antioxidant effectiveness(RAE %)
Control - - - 100.00 100.00 100.00
XY 0.006 0.613 2.307 115.28 094.27 89.17
GL 0.005 0.576 2.094 144.18 92.28 81.18
SU 0.003 0.181 0.611 118.87 120.59 126.73
GLCA 0.002 0.125 0.315 124.48 112.51 106.31
GLSC 0.069 0.884 2.956 113.75 94.56 91.35
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Table 8. The regression equations and correlation
coefficients between the color intensity and relative
antioxidant effectivenes of the browning reaction
mixtures heated at 80, 120 and 140 T, respectively.

Reaction mixture Regression equation Correlation coefficient

XY Y=-293X+113.35 -0.79
GL Y=-2.93X+107.12 -0.76
SuU Y=-471X+111.19 -0.93
GLCA Y=-1.53X +123.37 -0.80
GLSC =-1.80X +113.39 -0.81

X : color intensity Y : RAE

Table 9. The relationships between the hydrogen donating ability and relative antioxidant effectiveness of the caramel
type browning reaction mixtures heated at 80, 120 and 140 T for 24 hrs, respectively.

Reaction Hydrogen donating ability Relative antioxidant effectiveness (%)
mixture 30T 120C 140C 80T 120TC 1407C
XY 0.290 0.291 0.298 11528 9427 89.17
GL 0.299 0.299 0.309 114.18 92.28 81.18
SuU 0.281 0.310 0.328 118.87 120.59 126.73
GLCA (.301 0.286 0.275 12448 112.51 106.31
GLSC (.362 0.494 0.543 113.75 94.56 91.35
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