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Table 1. Some physical and chemical properties of fresh carrot-kiwi juice
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Value Properties
3.05£ 0.01 pH
1.03+ 0.02 (e A >3w >
Density (g. cm™)
(ot 055 sls ) &
88.7+0.02 U'JJ'LQ v p o) ' T
Humidity (% dry basis)
L> e:L«
8.2+0.02 (\f&jﬂ“?)i)djlm,\».
Soluble solids (Brix)
S | . |
4.9+0.03 (e el 0 o) ke
Acidity (%ebased on citric acid)
S U39 3) auSle
0.6+ 0.00 (S 055 i 2 4033) 28
Ash (% dry basis)
(4o y2) I
2.6+0.01 !
Pulp (%)

*Mean + Standard Deviation (n=3).
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Figure 1. Thermal inactivation of Pectin methylesterase in the carrot-kiwi juice at different
temperatures during thermal processing
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Figure 2. Thermal inactivation of labile (a) and stable (b) isoforms of Pectin methylesterase in the

carrot-kiwi juice at different temperature.
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Table 2. The reaction rate constant and decimal reduction time for inactivation of labile and stable Pectin
methylesterase isoforms in the carrot-kiwi juice during thermal processing at different temperature.

L CH Golael hals Ol Sl e e b Temperature L. ‘
. . . . ¢
Correlation Decimal reduction time Reaction rate constant (°C) Isof
coefficient (min) (min™) sotorm
0.98 62.9 0.04 60
0.97 25.0 0.09 70 ol ey b
0.96 11.6 0.20 80 Heat labile
0.92 1.10 2.09 90
0.93 742.9 0.003 60
0.98 719.7 0.003 70 ol sl
0.95 184.2 0.013 80 Heat stable
0.92 37.4 0.062 90
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Table 3. Thermodynamic properties changes of Pectin methylesterase inactivation during carrot-kiwi juice thermal

processing.
R oS 3T g5 Sl s w5l 5
Entropy free energy Enthalpy Temperature Type of
(kJ.mol" K™ (kJ.mol™) (kJ.mol™) 0 isoform
0.79 91.1 354.1 60
0.77 91.3 353.0 70 ol a b
0.73 87.3 353.8 90
0.47 97.9 2544 60
0.45 100.8 2543 70 ol sl
0.44 99.9 254.2 80 thermal stable
0.43 97.0 254.1 90
95 90°C
85 80°C
g s 70°C
S o
5 65 60°C
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Figure 3. Temperature profile of carrot- kiwi juice during thermal processing at 60, 70, 80 and 90°C
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Abstract

Background and objectives: Turbidity is a desirable property in some juices such as carrot-
kiwi juice that is influenced by the presence of released pectin. Pectin methylesterase (PME)
causes turbidity loss in the juice because of desterification of the pectin. Thermal processing is
the most common method to PME inactivation. The aim of this study was investigation of PME
inactivation during thermal processing of carrot-kiwi juice at different temperature.

Materials and methods: To study the PME inactivation, the carrot-kiwi juice was heated at 60,
70, 80 and 90 °C at different time (proportional to the temperature). D and Z-value and thermal
dependence kinetic parameters consisting of activation energy (E,), enthalpy (AH), entropy (AS)
and free energy (AG) of the thermal inactivation of PME were calculated.

Results: Based on the obtained results, the Z-values of heat sensitive and heat resistant isoforms
of PME in the juice during processing at 60, 70, 80 and 90 °C were calculeted 17.85 °C and
22.27 °C, respectively. The required E,to inactivate the heat sensitive and heat resistant
isoforms of PME in the carrot-kiwi juice were 356.83 kJ/mol and 257.17 kJ/mol, respectively.
Also, enthalpy for inactivation of the heat sensitive and heat resistant isoforms ranged between
354.1 to 353.8 kl.mol" and 254.4 to 254.1 kJ.mol " respectively. During the juice thermal
processing, the entropy of the inactivation of the heat sensitive and heat resistant isoforms were
calculated 0.79 to 0.73 K kJ.mol" and 0.47 to 0.43 K™.kJ.mol-1, respectively. The free energy
related to the inactivation of the heat sensitive (91.1 to 87.3 kJ.mol™) and heat resistant (97.9 to
97.0 kl.mol") isoforms of PME were measured. These results represent the effect of
temperature on the protein structure of the PME. In addition, the effectiveness percentage of the
come up time (CUT) on inactivation of the heat sensitive and heat resistant isoforms of PME in
the carrot- kiwi juice were computed.

Conclusion: By considering the effect of come up time and thermal resistance of the heat
sensitive isoform of PME, the required pasteurization time for carrot- kiwi juice at 75, 80, 85,
90 and 95 °C were 22.14, 11.61, 6.09, 3.19 and 2.01 min, respectively.

Keywords: Carrot-kiwi juice, Thermal processing, Pectin methylesterase, Kinetic and
thermodynamic properties.
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