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Inhibition Effects of Caramelization Products from Sugar Solutions
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Abstract

Solutions of fructose, glucose and sucrose were heated without catalyst at various temperature for different
length of time. Changes in the formation of early caramelization porduct and browning intensity as well as pH
of heated sugar solutions were determined. Reducing powers of caramelization products (CP) and their inhibitory
effects on polyphenol oxidase (PPO) were also determined and their correlations were discussed. The early CP
and browning intensity increased with temperature and time, in the order of heated fructose>sucrose>glucose
solutions (p<0.005), while pH decreased. pHs of sugar solutions heated at 200°C showed in the range of 3.32~
3.50. Reducing power of CP as well as their inhibitory effect on PPO also increased with temperature and time,
repectively. Among sugar solutions, reducing power showed the same trends as above at both 150°C and 170°C
(p<0.001). However, those of heated fructose solutions were the highest in the early stage, while those of heated
sucrose solutions were the highest in the final stage at 200°C. This is due to the difference in CP formed. Sucrose
solution heated at 200°C showed the highest inhibitory effect, reducing PPO activity by 34.6%. From these
results, it is considered that the inhibitory effect of CP on PPO is partly related to their reducing power.
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1.71 M glucose, fructose & sucrose 220§ A %23}3.(6,7)
747 10 mLA #H 3ty 50 mL vl e} #H o ¥ 32 hot plate(Cor-
ning Co., USA) ¢l A digital 2 =A4 2 A3 FTH2% 150
°C, 170°C, 200°CNA] z+z} 180%-, 12035, 6027} 7} g &
2y uh-g-oll-g 2758 50 mLE A &8l A =3yt

et +gel ME

a2y FA : 27 sietd A E A 4 2w
X+ 294 nm, 420 nmell A 2+ FH & =2 5 tH8).

pH A : 7}e}4 4899 pHE pH meter(Hanna In-
struments, HI 8418, Singapore)& A}8-3}e] 223} c}.

A4 2| £A : Oyaizu9) o) Wb -& W8 sle] 7 7}etad
T84 5mlLel Q4 $HE4-4(0.2 M, pH 6.5)3 1% K-fer-
ricyanide 5 mLE 2.2 24 (B0°C)oll A 2087 Wk gk
F- AW A2 (25°0) 2.2 Yzhatgich o] 4-of 5mLel SF/
4 5mL9} 0.1% FeCls 1 mLE @ el 1082 =] F 700
nmej A FFEE FA ] siebd ¢899 A& 23
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Polyphenol oxidase(PPO)ol| Lt x{sli& o}

PPO 852N 3% : Alzte] R4S ¥l7] 3 slicedt A
20 goll 0.1 M2] 14k &34 (pH 6.5) 100 mLE- 7}3t
3 B2 187 nh g F o 7habed 8,000 X g(Centricon
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M, pH 65)% 713 $H o2 o] 22 71289 8 mLel|
0.1M 38N (pH 65)& 2 mL 7Feltd o, Al gF 71449
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g2 Wy A5 7jd49S 7247 25 mLE 33}
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9 g Mg AANRSCEHE d& 4 E Y
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A% A 7= Statistical Analysis System(SAS) package
£ 0] £-3}9] General Linear Model(GLM) procedure . &4}
¥4 (Analysis of variance)dte] 2] & 7 &3t ch1l).
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1.71 M fructose, glucose, sucrose 24-& 150°C, 170°C, 200
°Coll A 22t 7hd Al 27] 7hebd A E 2 Ay A o] 34
2 294 nme} 420 nmell M9 FFEE SA A

Table 16 viehd vie} 3o] 7] et YA E9) FA2>
7k L xof| A A FF B5 ub-g-Al7ke] Fot ek ube) Fo1st
Aot =3 150°Cell A 180#-7F 7} 3 fructose -84 ] &%
X+ sucrose £ 2} 1.6u], glucose 8- R} oF 7ull &7
vebget, 170°Ceoll A 1208 7F4 & fructose 492 F4E=
sucrose £ B} 1.28), glucose £ W} oF 13uf 4
vebgd el 200°Cot A 60+ 7+ & fructose §H4 8] F3 =
sucrose N Bl k7l =9k o] glucose £A Bl oF 10
vl =4 Jebgdo) meba] 2 25 o4 fructose>sucrose>
glucose 7}2}sdl =89 o2 FF 27t 718 oH(p<0.005).

Table 28] 24 M0 FAE 7F SENA Al F7F ZF
uh-g-A| 7k Aghel] whe} 78k A &R vhepyg), =3 150
°Coll A 180+ 7+d )} fructose 949 &3 % & sucrose®th
2.19, glucose £ B} 3ul =9k ow 170°Coll 4] 1208 7}
3} fructose £ 942 sucrose .t} 1.69l, glucose &Y R} 57
W) =9k, 200°Cell A 607 7} 3t fructose -£-H-2 sucrose
Rt} okt 9k o, glucose Bt} 47w E4) vhelyde} o] 2
BE] 7t &5 A fructose>sucrose>glucose 71eb= 4=-8-of

Table 1. Changes in absorbance at 294 nm of early caramelization products of heated sugar solutions at various temperatures

for different heating time

Heating time (min)”

Temp. Sugars 0 15 30 45 60 90 120 180
Fructose 0.010 0.048 0.048 0.063 0.077 1.370 7650 9500
150°C Glucose 0.010 0.014 0.015 0.019 0.020 0.225 0.774 1.360
Sucrose 0.011 0.014 0.014 0.015 0.018 0.154 0956 5.925
Fructose 0.010 0.050 0.120 0.174 16.60 18.96 89.60 -
170°C Glucose 0.010 0.015 0.016 0.020 0.591 4,840 6.940 -
Sucrose 0.011 0011 0.015 0.021 8.800 10.06 76.400 -
Fructose 0.010 0.062 1.820 54,50 91.00 - - -
200°C Glucose 0.010 0.035 0578 7.920 9.360 - - -
Sucrose 0.011 0.015 1.730 10.56 89.00 - - -

USyugar solutions are heated at 150°C for 3 hrs, at 170°C for 120 min and at 200°C for 60 min, respectively.
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Table 2. Changes in browning intensity at 420 nm of heated sugar solutions at various temperatures for different heating

time
Tem Sugars Heating time (min)"’
P wuRars 0 15 30 45 60 90 120 180
Fructose 0 0 0 0 0 0.045 0.120 0.195
150°C Glucose 0 0 0 0 0 0.005 0.008 0.065
Sucrose 0 0 0 0 0 0.005 0.005 0.095
Fructose 0 0 0 0.002 0.130 0.640 3.015 -
170°C Glucose 0 0 0 0 0.015 0.135 0.525 -
Sucrose 0 0 0 0 0.014 0.130 1.860 -
Fructose 0 0.010 0.065 3.020 4.820 - - -
200°C Glucose 0 0 0.030 0.765 1.020 - -
Sucrose 0 0 0.025 0.750 4.470 - - -

YSugar solutions are heated at 150°C for 3 hrs, at 170°C for 120 min and at 200°C for 60 min, respectively.
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T ofe] @ie A Al 9leiA 2] 2to]= Buera
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ringe| 74l A o} 3} =+ D-ghicose?}t D—xylose?} D-fructose
B} kA& pyranoseF+Fol B2 0] 52 D-fructose .o} =
g WA A S22 JehiiE Aolel ot ¢ o) 3R/
7letd 3} ukS- 3 5 A= protonel 2
235l v] A9 fructoses 71k
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1.71 M fructose, glucose, sucrose £-24
°Coll A 747t 71ed A wh-§-A] kel uh & Fhebd 8- 2] pHe)
W 3l= Table 33 2t} 150°Cell A4 & 18087 7} Al fruc-
tose 4918 Hl-2-% 7] pH 6.131 4] pH 3.84 &, sucrose &
2 pH 39622 glucose €94-& pH 42022 z}4sgdcth 170
°Coll A+ 120827} 7} 4 Al fructose &2 ¥F-¢%7] pH6.13
ol 4] pH 3422, sucrose -£9-2 pH 3.34%, glucoser 3. 752

£ 150°C, 170°C, 200

Table 3. Changes of pH on heated sugar solutions at various temperatures for different heating time

Heating time (min)"’

Temp. Sugars 0 15 30 45 60 90 120 180
Fructose 6.13 592 5.66 545 535 431 3.85 3.84
150°C Glucose 6.14 5.70 5.69 556 557 5.06 497 420
Sucrose 6.12 5.82 574 597 5.84 5.26 450 396
Fructose 6.13 5.30 5.26 521 3.86 352 3.42 -
170°C Glucose 6.14 5.84 578 575 5.10 404 375 -
Sucrose 6.12 5.89 5.88 578 460 3.90 3.34 -
Fructose 6.13 5.26 413 3.40 332 - - -
200°C Glucose 6.14 555 4.30 350 350 - - -
Sucrose 6.12 5.61 4.19 3.46 3.33 - - -

YSugar solutions are heated at 150°C for 3 hrs, at 170°C for 120 min and at 200°C for 60 min, respectively.
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0.5 M sucrose 584 2] pHE= 90°Coll 4] 7087} 7} A] lev-
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= 28 BAE A w sk

Mo 3t
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* Fig. 15} Zt}

150°Cell Al 18087 71ed A] uk-3-A] 7ko] Aol whe} fruc-
tosed] FFE+= 0.08404 0.192, glucoset 0.03914] 0.07%,
sucroset 0.040 4 0.202. 2 7}t A 2 2 fructose
>sucrose>glucose 7hetdl =449 2 FPxst £}
gt ond, Al BHE Ale]ol A A zte]l & et ek (p<
0.001). o] 2} & 7 32 170°Col| A = 7H-2- A 3F-8 vieluig]
cl. gH 200°Coll A& 60#7F 714 A fructose®] F#E+=
0.0891 4] 0.7%, glucoset= 0.03°1 4] 0.31 %, sucroset= 0.04¢]]
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FE&N e+ 2 el o) FEH S F5o wel HA
= Fietd G EY Aolo) 7lQlste Ao AZE A
et Al G52 R-9 A el Aol vhEltA] ghgitt o] 2
FE 7t 2ol A ukE- Fr) o A" shetd A Eo] 3
Aol & HALZ riehyr}

Fleld a4 g2 g4 1 Sl o) A= g}
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do] 9l Ao AZbE e12th(3). 38 7} gl Aol

A 2133 shebll 3 ub-g- o 2 Re] A& w iz Jleld A
A &2 caramelan, caramelen, caramelin®] | &#2] A E&
E§3}e o] 5 A AE-2 Fehling £9-& #43go 24 2
A& ZdE Ao B FHelov 259 Fae wsAA %
I D).
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Fig. 1. Changes in reducing power of heated sugar solutions
at various temperatures for different heating time.
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% 58~102% ZFaAZHou 1808 F-ol+= fructose®} su-
crose 7}ebdll 8ol 2 7Hz) oF 22 5%, glucose 7helwl ~&
& 145% 7t A A A, PPO 2 & 2ol g 2 8 A7 frue-
tose>sucrose>glucose 7Hebd &9 &M 2 Z7)sisich
170°Coll M = 458 71 A Al 272 7hepd 8- 52 PPO
AL 87~98% AKX A A Z o) 1208 Foll+= sucrose
FletH 89 3249%, fructose 7}EHd =842 31.4%,
glucose 71ebd 48948 231% #FaAlA PPO ZH Ao
&k X s ZA A= 150°Cell A of & A =2 FrFsksdoh 200
°Coll A+ 308-5¢t 713 Al 23572 7hetd A &5 PPO
FA-L 85~135% o4+ ZgaAZ o 608 $oll+ PPO &
A2 sucrose 71eb™ 4948 34.6%, fructose 7}ehd 44
o & 95%. 12| 3 glucose 7}eb 8N 13.2% 7144 7
t}. 8] 3 PPO 2 E ANl tldh Al s A= 150°Cell Ao} 2
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Fig. 2. Inhibitory effects of caramelization products from
heated sugar solutions on PPO at various temperatures for
differnt heating time.
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t} 38 Lee®} Lee(17)+= 200°Cell A 90#-7F 7194 &) sucrose
Fhetd 4-8-94-g ultrafiltrationol] 2/s) MW 1,0000]8}, MW
1000~3000, MW 30000]4k2] A 8o 2 R &3lgd=d MW
1000~3000 fraction®] mushroom PPO(Sigma Chemical Co.)
ol 3k Aol 74 mcta stgct o] X slepd

=894 2] PPOell i3l A &)l &35 372 7ld ol o & 27]
AR ERTHE Fubiel Ay 2 wr) & YA Ee 9
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IF EFA sl o] E Alel o ARTAE AR A= thE-
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8491 2.1 (p<0.005) BFH ol pHE FHA3}%A el 53] 200°Ce
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A 2 Z7Fsl oH(p<0.001). 23]} 200°Coll A& 7] 2 A <l
A& fructose®] YA o] 7F Fgk o) $ub-el A& su-
crose®] Aol A elded o)i= §AE CP2| Ao]o
7115 Aelel A=}, 7letal 4o o] #1412 reductones
e A A3 Ao E AYzhEo At EEF 200°CellA
60% 719 8 sucrose 7teld 2-§-H o] PPOZAI-E 34.6% 7t
2AA AA A} A #A el ol 2R E slebd 5=
-4 2] PPO° tH&F A s A= slepd -89 A7)
ol gl AR yzbEojzid],
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