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Abstract: Thermal inactivation kinetics of pectin methyl esterase (PME) in apple, mango and cauliflower extracts have 
been determined at temperatures ranged from 50 to 90°C. The kinetics of PME from the three extracts showed a first
order model. At 70°C, D values were 1.7, 23.8 and 2.3 min., z values were 7.91, 17.67 and 10.64°C and activation 
energies (Ea) values were 272.24, 126.7 and 208.42 kJ mor l for apple, mango and cauliflower, respectively. These data 
indicated that mango PME was the more hea~-stable, while apple PME was the lowest one. 
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INTRODUCTlO 

Pectin methyl esterase (PME; EC: 3.1.1.11) is one 
of the hydrolyzing enzymes realizing prime important to 
the food industry. Also known as pectin e terase, 
catalyses hydrolysis of the methoxyl grQUP of pectin, 
fOffiling pectic acid as a product of the reaction. This 
enzyme acts preferentially on the methyl ester group of 
the galacturonate unit next to the non-esterified 
galacturonate unit. rhe decrease in the degree of pectin 
methoxylation, may in him, trigger different processes 
related to texture and firrrmess (Tij 'kens et al., 1999). 
Such a catalytic action makes PME one of the most 

.- important enzyme in the food industry for protecting 
and improving the texhlre and firmness of several fresh 
or processed fruits, vegetables and juices or other 
industrial products that involve the presence or absence 
of intact pectin (Alonso et al., 1997). In aU cases, the 
inactivation of PME is required for cloud stability of 
cloudy plant juices. This is usually achie ed by thermal 
treatments, such as pasteuriz3tion or High Temperature 
Short Time (I-fTST) treatment. It is widely accepted that 
thes treatments are sufficient to inactivate PME. 

Denes et al. (2000) found that isoelectric points of 
the extracted and purified PME from appl (cv Golden 
Delicious) were higher than 9. Kinetic parameters of the 
enzyme were determined as Km = 0.098 mg/ml and 
Vmax=3.86 J.l mol/min/ml of enzyme. he optimum pH 
of the enzyme was above 7.5 and its optimum 
lelllperature was 63°C. The purified PME required the 
presence ofNaCI for optimum activity, and the sodium 
chloride optimum concentration increased with 
decreasing pH (from 0.13 M at pH 7 to 0.75 M at pH 4). 
The heat stability of purified PME was investigated 
without and with glycerol (50%), and thermal resistance 
parameters (D and z values) showed that glycerol 
improved the heat resistance of apple PME. 

Yi et al. (2004) applied the first-order kinetic model 
of a 2-component system to investigate the thermal 
pasteurization of mango juice. Themlostable and 
thermolabile pectinesterase (PE) components (41 and 
:59%, respectively) were detected in the mango juice. 
The average z values of thermostable (Zs) and 
thermolabile (Zl) were 14.65 and 15.94°C, respectively, 
within the temperature range of 80-85°C. The calculated 
and xperimental linear thermal pasteunzation curves 

for mango juice were in good agreement at a wide range 
of temperature (80-90oq. 

PME from Brazilian guava showed two isoenzymes 
(cone PME 70% saturation by ammonium sulphate) and 
Is04 PME, one of the isoforms from gel filtration with 
the greatest specific activity) differing in their molecular 
mass values. The optimum pH of the enzyme (for both 
samples) was 8.5 and the optimum t mperature ranged 
from 75 and 85°C. The optimum sodium chloride 
concentrabon was 0.15 M. The activation energies (Ea) 

were 64.5 and 103 kJ mor l
, respectively, for conc PME 

and rs04 PME. Guava PME, cv Paiuma, is a very 
thermostable enzyme (Leite et al., 2006) . 

Thermal stability and kinetics behavior of hawthorn 
PME were evaluated by Vivar-Vera et at. (2007). PME 
extract showed maximum activity at 0.4 moles/L NaCl, 
pH 7.5, and 55°C. The Ea and QIO for thermal activation 
were 36.27 kJ mor l and 2.01 (20-300 q, respectively. 
About 50% of the activity remained after heating for 25 
min at 60°C, and it was completely inactivated by 
treatment at 80°C for 10 min. The Q10 and Ea values for 
the thermal inactivation reaction at 70-80°C were 20.06 
and 146.16 kJ mor l , respectively. 

Shldies on the thermal inactivation of apple and 
mango PME are scanty. Also, there are no published 
data on the thermal inactivation of cauliflower PME.. 
Therefore, the scope of the present work is aimed to 
evaluate the thermal stability and kinetic behavior of 
PME in apple, mango and cauliflower to optimize the 
process aiming to stabilize their products. 

MATERIALS A.j~D METHODS 

Materials: 
Apple (Malus domestica var. Anna) fruits at the ripe 

stage were obtained from Ismailia local market. Mango 
(Mallgifera indica var. Zebda) fruits at mahlre stage 
(allowed to ripen at room temperature) were picked 
from a private garden in Ismaiiia governorate. 
Cauliflower (Brassica oleracea val'. Botrytis) heads 
were purchased from Ismailia local market. 

Chemicals: 
All fine chemicals used in the determination of the 

f'nzyme activities were obtained from Sigma-Aldrich 
chemical company, while the other chemicals used were 
of analytical grade. 
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Methods: 
Preparatioll ofPME crude extracts: 

PME was extracted from the three examined fmits 
(apple, mango and cauliflower) using the procedures of 
Abu-Goukh and Bashir (2003). Cauliflower heads were 
washed, trimm d and prepared as small ,florets. Mango 
fmits were washed, peeled and de-seeded. The apples 
were washed, peeled, diced into I cm cubes. From each 
the test d samples (200 g) were homogenized in an 
equal volume of 100 mM sodium acetate buffer, pH 6.0 
containing sodium dithionite 0.2 % (Na2S204) and 
polyvinyl pyrrolidone (I %) for I min using a blender 
(Matsushita ELEC. IND. CO., LTD. Japan). The 
homogenates were centrifuged at 12,000 xg for 20 min 
(supernatant I) The residues were suspended in an equal 
volume of I M sodium acetate buffer containing Nael 6 
% (pH 6,0), Th pH of the three suspensions was 
adjusted to 6.5 for mango and to 6.0 for cauliflower and 
apple, using drop' of NaOH (2N). The suspensions w re 
kept at 4°C with continuous stirring for 4 ill'S and then 
centrifuged, The supernatant for each sample was 
filtered twice using Whatman filter paper No 1 
(supernatant 2), Mango pectin methyl esterase activity 
was determin d in supernatant I; while apple and 
cauliflower pectin. methyl esterase activities wen:: 
d termined in supernatant 2. 
PMEassay: 

PME activity \Vas measured in the extracted 
samples according to the method described by Jiang e/ 

a1. 2003). Reactions were started by the addition uf I 
1111 of cauliflower, apple or 2 ml or mango extracts to 15 
ml ofNaCl (0. 1M) containing citrus pectin solution (0.5 
%) at 30°C. The pH of the r action mixtures was 
adjusted at 7.5 for apple and mango and t\J 8,0 for 
cauli£1o vel' immediately before assay, The activity of 
PME was followed with a pH m tel' (model 3305 
JENWAY U.K,) by titrating the fre prolons, which 
were dissociate fr)m lhe free carboxyl group;; that had 
been formed by the PME activity. The volumes (ml) of 
0.01 N NnOH consumed to maintain the pH at 7.5 for 
apple ,nd mango and CIt 8.0 for cauliflower wen: 
r corded within a reaction time of 10 min. Au enzyme 
solution previously heated in boiling water for 5 min 
was used as a blank. 

Calculation: 
The PME activity was expressed in units (llmo!es of 

r-t produced pl::r min) according to the following 
equation: 

(Vs-Vb) X MNaoH X 1000 
Unit (U) = 

vx t 
Where: 

Vs = NaOH used to titrate the sample (ml), 
Vb = NaOH used to titrat the blao (ml), 
M NaOH = NaOH concentration (molarity), 
V = sample (ml), 
t = time of analysis. 

Heat inactivation: 
Aliquots of the extracts were tmnsfen-ed to capillary 

tubes of 2.6 mm internal diameter and 100 mm length 
with a syringe, The tubes were heated in a circulating 

water bath (BUCHl 462. Switzerland) to temperatures 
adjusted between 50 to 95°C (± 1°C), After preset times 
and temperatures, the tubes were removed successively 
from the water bath and placed in ice to stop thermal 
inactivation. The residual activities of the eI1lZymes were 
assayed without any further treatments as described 
previously. 

RESllLTS AND DISCUSSIO 

Heat inactivation curves of the crude PMC from 
apple, mango and cauliflower are shown in Fig. (I). The 
rnactivation rate constant') increased with increasing 
temperatun:. for example, the apple PME (Fig. I-A) 
was reasonably stable at 50 and 55°C, but upon 
exposure to 60°C there was 50% re idual activity after 
600 S. At 65°C, only 20% of the residual activity was 
detected after 500 S, While, at 70°C. ~ 90% of the 
activity was lost after 100 S, On thf;' other hand. the 
mango PME ( ig. I-B) was reasonably stable at 50 to 
65°C and when exposed to 70°C, the residual activity 
was 40% after 600 S. This ratio decreased to 16 % at 
75°C after the same time, While, at 80 and 5°C, there 
were 12 % residual activities after 240 and 180 S" 
respectively. At 90°C, ~ 90% of the activity was lost 
after 60 S. Fig, (I-C) showed that th PME activity of 
cauliflower was stable at 50°C and when expos d to 
55°C, the residual activity was 50% after 300 S. While, 
at 60°C, the enzyme activity lost about 90 % after 600 
S, There was 6 % residual activity after J75 S. exposure 
at 65°C While at 70 and 75°C, - 1,5 % residual 
activities were detected after 250 and 125 S.. 
respectively, 

Furthermore, the semilog plots of the thermal 
inactivation for both apple and mango PME (Fig. 1, A
D) were linear in accordance with lhe first order 
monophasic kinetics. The 'C results an: in agreement 
with those obtained by D 'nes et a1. (2000) who found 
that the thermal inacti ation of apple PME follo\ d the 
first or er deJl::Jturatiol1 process. Similarly, Labib et aI. 
(1995) reported similar results for mango PME. 

Ilowc:ver, the scmilo I plot for cauliflower PME was 
llQnlinear (biphasic) at temperatures of 55 to 65"C (Fig. 
I-C). Tim indicate the presence of heat-labile and heat
resistant forms in the cmde cauliflower PME extract. 
Such nonfwear heat inactivation was observed by 
Versteeg et at. (I980) for Navd orange PME crude 
I;:xlr-ac! Also, Ly-Nguycn et aI. (2002) found that the 
thenna! inactivation curve of strawberrv PME was 
nonlinear. • 

From the slopes of the inactivation lines for the 
three P of the lesled samples (rig. I), rale eonslanlS 
\ ere calculated and plolted in Arrhenius plots (hg, 2). 
The Arrhenius plots for bulh apple and cauliOower 
showed distinct upward curvature, At temperatures 
>55°C (i.e., at l/T<0.00304) the plots can be 
approximated by straight line . On the contrary, the 
Arrhenius plot for mango PME was linear at aH studied 
temperatures. From the slopes of these lines activation 
energies (Ea) were estimated, Also, Fig, (2) clears that 
mango PME enzyme was inherently more thermally 
stable than caulitlower than apple PME. A simple linear 
Arrhenius plot has been reported for tomato PME 
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(Anthon et ai., 2002), but for carrots and potatoes PME 
show some deviation from linearity (Anthon and 
Barrett, 2002). 

Table (1) reports D, z and Ea values (thermal 
resistance parameters) for the three PME extracts 
obtained with k alues from Fig. (1). As expected, the 
inactivation rate constants increased with increasing 
temperatures. The data showed that thermal inactivation 
of apple, mango and cauliflower PME was comparable 
to that of orange (Van den Broeck et at., 2000) and 
strawberry (Ly-Nguyen et at., 2002). 

The obtained rate constants for the three extracts at 
70°C were 22.11,1.61 and 16.8 xl03 S·l for apple, 
mango and cauliflower PME, respectively. This means 
that mango PMB was the most heat-stable, while apple 
PME was the lowest one. 

The D value, the time of heating at a constant 
temperature required to inactivate 90% of the original 
enzyme activity, was calculated (Table 1). At 70°C the 
values were 1.7,23.8 and 2.3 min. for apple, mango and 
cauliflower, respectively The data showed that mango 
PME was more heat-st ble than cauliflower than apple 
PME. Denes et al. (2002) reported a far lower D value 
of 0,2 min for apple PME at 65°C, which less than the 
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results obtained (13 8 min.) probably due to apple 
variety. Labib et at. (1995) found that D value was 4.5 
min. for mango PME at 80°C, this finding confirmed 
the fore mentioned pattern (4.5 min. at 80°C). 

Z value was the temperature increase necessary to 
obtain a lO-fold decrease of the D value. The values 
were 7.91, 17.67 and lO.64°C for apple, mango and 
cauliflower, respectively as seen in Table (1). The 
results are in agreement with those reported by Denes et 
at. (2002) who investigated a z value of 9.2°C for apple 
PME. Also, Labib et at. (1995) reported a z value of 
18.5°C for mango PME. 

Thermal dependence of the rate constants, 
expressed as activation energy (Ea) for apple, mango 
and cauliflower PME was estimated (Table 1). The 
values were 272.24, 126.7 and 208.42 kJ mor l for 
apple, mango and cauliflower, respectively. These 
activation energies are higher than those reported by 
Denes et at. (2000) for apple PME 31.26 kJ mol". But, 
they were lower than those reported for CXD and BOX 
tomato cultivars 477 and 440 kJ mor l , respectively 
(Anthon et a"l., 2002). The differences in Ea values 
could be due to differences in the raw inaterials or 
differences between crude and purified enzyme. 
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Fig. (1): Thermal inactivation ofPME in apple (A), mango (B) and cauliflower (C). 
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C au litlowe ... 

50 0.18 O. 14 208.3 
55 0.23 0.931 166.6 

Apple PME 60 l.15 0.924 33.3 7.91 272.24 
65 2.76 0.943 13.8 
70 22.11 0.965 1.7 
5 0.16 0.928 238.1 
55 0.23 0.662 166.7 
60 0.46 0.876 83.3 
65 0.69 0.868 55.5 

Mango PME 70 1.61 0.894 23.8 17.67 126.7 
75 2.76 0.951 13.9 
80 8.52 0.922 4.5 
85 9.90 0.809 3.8 
90 27.6 0.9 4 1.4 
50 0.46 0.969 83.3 
55 0.92 0.974 41.7 

Cauliflower PME 60 1.38 0.984 27.8 10.64 208.42 
65 2.99 0.977 12.8 
70 16.81 0.76 2.3 
75 28.""5 0.822 '" 1.3 
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