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Abstracts

Effects of sugars, temperature, pH and some chemicals on caramelization were investigated for improving of
its reaction rates. Among the sugars tested, fructose showed the fastest reaction rate, followed by sucrose,
glucose, starch syrup and maltose. As the reaction temperature increased from 80 to 110°C, the rate greatly
increased by the range of 150~8000 folds depending on sugars. It was indicated that pH 10 resulted in the
highest reaction rate in the range of pH 4~10. When several chemicals, such as phosphates and organic acid
salts, were added to starch syrup, the rate increased by more than 10 folds, in particular effects of K.HPO,
and sodium salts of citrate, oxalate and succinate were significant.

Key words: caramelization, reaction rates, sugars

M B

AEe wlaiad ZYZNEE 5 carameld} WS-
td & dojubs whgog ZhEAEe] 4E
A7 B ohe} o]yt o] S S HE
Hap A7) Ao akeid alch. et ol
%, 22, Wel 2o A Eo] S4e] 43}
Fozd 7134% Folv AFE vehid,
Sejuletoll = caramel AlEE A, A
I, of3}, oFA] & 2|8 ol H7tete] A4 4
gasieA AHgE L Qe 2elm nEAe] 9l
caramel 4= A7}, A, &8 Foll @ol AMHEET
de Ao felo] gt o} WA Hado]

3E
-
B

N

~
=
T
/g}.

FHL

=

Jo
N r,“_ tlo

ot (L 1o Al ot

A, oo
y rlo

L
]L
T

S B 3}7}14
3} 5, pH, 25, S 2
Hell =24 o f%“ta: & 7Li‘” Fo] g2 whasg

7} AL44E® 2] aldose®thi= ketoseZ} HE-2-0]
w2 71 © 2 Ashoor $™& MW 773}93 3, Shallenberger
S®a1 Whistler 552 pH2} HP7—S~£7]- 24 E H
< FXob ZoRda ¥t ®

rIr

Corresponding author: Woo-Jung Kim, Department of Food
Science and Technology Sejong University, 98 Kunjadong,
Kwangjinku, Seoul 143-747, Korea

983

S3csk ph o) 35 Wibople ArbRel ofope
27 e e JeA itk WhERE 4 =
4714 43} acetic, citric, lactic, oxalic, succinic, phos-
59] f-7]4F 18] 31 NaOH, KOH 52| 4
5ol ¥hg

\_

phoric acid
7], alAted &5 FE¢S = AR o
22 9lon] o]#gt ofo] gl vleke] huminEA o]
A Elo] Eobg Wirky B vl Qlet.

oje] 7] H7HA F rvelr} /M ARt Er
3 e 9ot BEA3 oA vitamin Bl 4H =
o d= dAANPE A RA IR Frle A=
AR-S F3Fa” ¢k 22y} ammonium bisulfate -
o]-8-8} caramel A 4= F2}o] A A &7} o] 9]
t}. 9l4kd-2 magnesiumy Hrl sodiumedo] A}
7} s ¥V 3 gl o} potassiumd #F Hlw <l
Tz Solglal ek AR whge] Flast 3
A uk o} & A7 A Hobe o G3b) e)aA e Ao
2 odejx glon 2o ofrlnAts o] §3 A
o #4& 23 sle.

75l vk-g-2 390~500 nmoll A 9] &3 %2} Hunt-
er YA A3 L, 4, b S S| ghov) =
2 Claudio "3} Patricia 5-"& 3231 W AAE o]
£-3lo] Suv (Difference color functions-metric sa-
turation) & 24 s+ WS A A sk}



984 Al E 3 fz}zs]x] A 3048 A 4 F (1998)

| 7}A12] carameld} WSk ol I A=
2 H7H, pH, &% & Z72 kg2 el g
22 WA ol gt gkl A3E TR
783 ATz o] Foll vt glet. re]she] & el
k] £ caramel3} kg0l glo] ©ho] 2§, HlS- 2%, pH
A7 5ol ks vlaste] MRS EE EolF

ok

£ HAAe| y-e-221S 2hwa} sl
HE ¥ 2y
HE

B AN AR B2
maltose S0 2 1gA]2kS A28} 1, starch syrup2-
Golsle) A9 ol gl S ALgalaich. ALET 3
7Hle QA (KP.0,, KHPO,, KH,PO. NaH.PO; -
2H,0, Na,HPO,)3} f-714t<d (sodium oxalate, sodium ci-
trate, trisodium succinate) 22 57 A]2F-S AF8-31gdct

glucose, fructose, sucrose,

StS2T, pH ¥ HIIHL HE

Caramel 3} 8+-2-2 41%9] & 100 mLE Zefx
20] ¥ BRWPIE FRAL ok Fefr
(Magni Whirl, US.A)ol|4] 80~110°C2] W22 7143}
ot g golo] pHiE NaOHE-2 2 2 pH 4~10
si7b i 2dste] pHet 29 3 3& 2AHc

WS FHe FHE Wbl golel Fug
41%=2 2437 ohe KPP0, K,HPO,, KH,PO,, NaH,PO,
- 2H,0, Na,HPO, sodium oxalate, sodium citrate, tri-
sodium succinateZ- 1%4 Z+7z} 2 7}sle] vl &35}
Atk ZE S 3k A% FAg e el
At

ST e £3

Caramel3} HF-g- 2] Me] wW3li= color difference
meter (CT-310, Minolta Co., Japan)Z 23} Hunter L,
a, bah& X, Y, Zgto2 bRk oy Claudio "]
AN ofehe] AL AHste] Suv Baksha b
LAzt 7 o] wkbg&E(SuvhnE AlAbskdch
28] 7w} veghe ZH429] L (100.00), a (0.00), b

(0.02Rke 2 3}3ic).

0.01aL

X =0.9804 (Y +
« 175

)

Y =(0.01L)

0.01bL

Z=1181(Y-=—7

)

., S
X+15Y+3Z

- %Y
X+15Y+3Z

Suv = 13[(u—ue) + (v - vo)?]

TuE el A

Caramel3} W3- 244 5 w33 Fdo] Wshe Lei-
ca Brix 30 (0~30% Solid Scale #7530L, U.S.A.x2 A}
43te] Brixg FAg ¥ 105°C 72y el 2}
2795 Bole) w3 waes Brixe] RETAL AL

sto] MR EEE()E BAslAT)
F=nl - Ugn -
|:|-o| _a'i_rET ol |:1|-2£2 o| o:iéot

Caramel3} Hk-$-ofl @32 £F7 2 Wbg2 %7} A=
dsre EAE7] Slstel 80~110°CS] 2= F9lolA
glucose, fructose, sucrose, maltose % starch syrup=
2447} Fqb 747} 7pdsba wh-gol whE Aol wistE
L a bgko2 348 ¥ Swgko Barstel 2 A%
£ Fig. 13} Table 1ol vehgdch. 7+ ©ke] uk-golo]
pHE B pH 3.84.29) W91l 9120w HhgAIZbe]
u}2 Suve] W3l Fig. 19 fructose2] Suve} o] wb
S5} Z2184E & Suvaks dehisid ol
ZAe] 7]€714l Suv/hre] ¥b-g-4-5 = Table 10149}
Zro] ATAS ko]l BT 0.9 o]ARS Ypehy =& A

100
* Q,
o5l o %L
A&
v
2 050t
025 |-
0.000 - e
0 5 10 15 20 25

Heating times(hours)

Fig. 1. Changes in Suv of fructose during caramelization
as affected by heating temperature.
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Table 1. Rate constant and correlation coefficient of caramelization as affected by various sugars and temperature

Temperature Rate constant (Suv - hr')
(0 Glucose Fructose Sucrose Maltose Starch syrup
80 2.8x107 4.5%107 3.3x107 1.6x 107 1.6x 107
(0.9961) (0.9718) (0.9790) (0.9835) (0.9362)
%0 1.5%10° 1.4x 107 1.8x10° 1.8x 107 2.1%107
(0.9640) (0.9531) (0.9647) (0.9535) (0.9620)
100 31x107 46x10* 6.7x10° 8.5x107 1.1x10°
(0.9377) (0.9345) (0.9345) (0.9534) (0.9647)
110 1.8x10* 3.5x107 1.1x10* 2.5x10° 1.1x10*
(0.9415) (0.9730) (0.9711) (0.9820) (0.9290)
The values in parenthesis are the correlation coefficients.
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Fig. 2. Changes in Suv of fructose during carameliza-
tion as affected by pH at 110°C.
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Table 2. Rate constant and correlation coefficient of caramelization at 110°C as affected by various sugars and pH

Rate constant (Suv - hr')

H

P Glucose Fructose Sucrose Maltose Starch syrup
Control 1.8x 10" 35x10° 1.1x10* 2.5%10° 1.1x10"
4) (0.9415) (0.9730) (0.9711) (0.9820) (0.9290)
6 3.3x10° 92x10° 1.4x 10" 1.2x10° 7.9% 10"
(0.9405) (0.9753) (0.9387) (0.9106) (0.9851)
8 2.0x10° 2.6X10° 2.9%x10* 2.5% 107 7.9%10*
0.9770) (0.9564) (0.9626) (0.9941) (0.9851)
10 21%x10° 8.3x10° 2.5%x10° 2.7%x10° 2.7x10°
(0.9628) 0.9737) (0.9956) (0.9896) 0.9778)

The values in parenthesis are the correlation coefficients.
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Table 3. Comparision of reaction rate and solid con-
tents of starch syrup of caramelization at pH 10 and
110°C as affected by addition of 1% various additives
after 24 hours of heating

Reaction rate  Solid contents (%)

K.P.0, fo"(;;g; 362
K.HPO, %07;8;2; 350
KH.PO, 1(6?92;;); 370
NaH,PO, - 2H,0 %('f-’;);g; 3538
Na,HPO, %04;8;2)2 36.0
Sodium citrate %009);3;(1))2 36.0
Sodium oxalate t()gl;;%g)b 35.6
Trisodium succinate 108;(6}(5); 356

The values in parenthesis are the correlation coefficients.
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