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Effect of Temperature and pH on Thermal Stability of Aspartame
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Abstract

Thermal stability of aspartame was investigated as affected by the temperature and pH during heating. The
thermal stability study of aspartame heated at 60-100°C showed that aspartame was degraded more rapidly as
the heating temperature increased. Activation energy for thermal degradation was 20.77 kcal/mol. The thermal
degradation products, a diketopiperazine (DKP) and o-aspartylphenylalanine (0-AP), were rapidly increased
while the aspartame concentration decreased. The pH change of aspartame solution was rapidly decreased dur-
ing initial three hours of heating and more significant at high temperature. In the pH range of 3-7, aspartame
was the most unstable at pH 7 and stable at pH 4. The thermal degradation rate contants were 0.827 at pH 7,
0.286 at pH 6, 0.072 at pH 5 and 0.045 at pH 4 during initial heating at 100°C.
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Fig. 1. Changes in aspartame concentration during
heating at 60~100°C

Table 1. Thermal degradation rate constants of as-
partame at 60°, 80" and 100°C

Heating .
temperature ("C) s
60 0.0010 0.983
80 0.0035 0.957
100 0.0284 0.981

23 of oF 2o A o] we] Fa= e} 7pd 25
w2 ofszletel zbEgRS 1047 rhdElEEe o
60°Coll A= 7hdA Exe] 95%%2 2 H3lr} (e
1} 100°CollA & 54%2 =jo] of nke Zha H v}
ofAsere] HalE 12} ukg-(first order reaction)® 2
A5, weta] pd G ofaigke] dRd Sy
4> (thermal degradation rate constant}s log (% APM)
—kt+e (=7} A7l AlellA 7127]([(log % APMY/
the A Asks Table 131 b 60°CeollAd=
0.001, 80°CollA1= 0.0035, 100°Cel[A &= 0.0284°.%
o Ba LAY ZrlEe] 227 FolAWA BS
otxich. olufe] ARBA(rRs 0.957 o] ke] £ 3L
< ngch

ofastere] il HEAbpe rtd=ete] A
Z¥ell 4] Arhenius W Aol o]3te] 243} oA%[ & Al
A43} gke- 20.77 keal/mol ©] g ch(Fig. 2). ©]+= Tsoubeli
9} Labuza®7} 2 mM ofAs}sl fef-2 70~100C2] £
w9} pH 6~7 (0.01~0.1 M QU4 $h3-oN)ell 4] 7hdshad
< of 2498} o =|7} 14-20 kealmolo]2} 34 FAL
g ZHe ngeon Tzl g 50~100CE 7k
stol S o 2433} olif=|7} 16.7 keal/molo]2hil HME



ofzziekel dobdAdel vlz

N

\\Ea = 20.77 kcal/mole

Log(k x10)

o) L 1
2.5 2.7 2.9 31

1/T x 10° (K'Y

Fig. 2. Arrhenius plot for the thermal degradation of
aspartame
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Fig. 3. Changes in pH of aspartame solutions during
heating at 60~100°C

g Stamp”e] Axtnr} oA ¥ & Bt Belldt
Labuza"= BB TS 0682 5+7 pH 301902 o
335l oL =) & 23.511.6 keal/moleo] ™, pH 7ol A +=
16.5+ 1.3 kecal/moleo ]2} 3}ait}. OzolPE ofAsjel H
2] A8t ozl pH 3~72] HjellA 10.3~179
kcal/moleo]g} 3lo] B Al& 3} t}42] 2polE B
ol AFE o] $£8-IA T 2 pH T AT 2712 Aol
of jgt A2 Azt

ofAvlet folg LxW e ylodsigl S o pHO| W

= &} pHe| 3% 313
0.6 0.1
®100°C, DKP
o5l * 80°C. DKP
= 60°C, DKP /o.oe
*100°C, a-AP
041 4 geec, a-AP
do.06
= * §C°C, a-AP <
o 0.3 o
< %
H{o.04%
o.2|
/0.02
0.1}
== :l:_:l:::;:::o
o 2 4 6 8 10

Heating Time(hr)

Fig. 4. Changes in concentrations of DKP and o-AP
during heating at 60~100°C (——: DKP, ----: a-AP)
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Fig. 5. Effect of pH on logarithmic value of aspartame
thermal decrease and heating time at 100°C

Table 2. Effects of pH on thermal degradation rate
constants of aspartame during heating at 100°C

pH (:1) T
3 0.073 (1.999
4 0.045 0.990
5 0.072 0.999
6 0.286 0.77
7" 0.827 0.83
control 0.081 0.97

“The rate constant at pH 7 was calulated for the initial one
hour heating
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Fig. 6. Changes in DKP concentration as affected by
pH during heating at 100°C

Table 3. Effects of pH on formation of o-aspartyl-
phenylalanine (¢-AP, %) during heating at 100°C

Heating time pH
(hr) 3 4 5 6 7
05 0.0002  0.0007 0.0009 0.0008 0.0009
3 0.0002  0.0003 0.0012 0.0008 0.0009
5 0.0002  0.0004 0.0012 0.0012 0.0006
8 0.0004 0.0008 0.0012 0.0015 0.0008
10 0.0005 0.0009 0.0015 0.0017 0.0009
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