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Abstract 

Textural changes during fruit ripening have been attributed to pectin 
degradation due to pectic enzymes such as pectinmethylesterase (PME, EC 3.1.1.11). 
PME catalyzes the de-esterification of pectin, a complex mixture of polysaccharides, 
namely methyl esterified polygalacturonic acid, with the release of hydrogen and 
methanol, producing shorter chains causing drastic losses in firmness. Thus, control of 
PME activity in fruits aiming at texture maintenance and/or improvement is 
extremely important to the food industry. However, PME activity and properties are 
dependent on product, environmental and physico-chemical conditions, such as pH 
and temperature. Therefore, the aim of the present work was to optimize the pectin-
methylesterase (PME) enzyme assay from tomato (Solanum lycopersicum ‘Zinac’) 
fruits, and determine its kinetics behavior and thermal stability. The highest PME 
activity was found with a 1.0 M of NaCl extraction solution, with 0.5% citrus pectin, 
and revealed optima of temperature at 60°C and pH of 8.8. The low kM value (0.011%) 
for tomato PME describes the high affinity between enzyme and substrate (citrus 
pectin), whereas the obtained Vmax value (0.712 U mg-1) relates to the enzyme quantity 
present in the reaction. The study of PME thermal stability showed two distinct 
behaviors: an increase of activity from 40 to 50°C and a decrease from 55 to 80°C. At 
50°C/10 min an increase in activity up to 17% of activity was observed. At 60°C, about 
50% of the activity still remained after heating for 25 min, and PME was completely 
inactivated at 80°C after 10 min. Data obtained in the temperature range of 55 to 
80°C were also satisfactorily described by an Arrhenius first-order kinetic model. 
These results provide useful information about the different factors that affect tomato 
PME activity and may be used as a tool for firmness control during postharvest 
handling and fruit processing. 

 
INTRODUCTION 

The major postharvest concern with fresh tomato (Solanum lycopersicum) storage 
is excessive softening. Tomato ripening results from many physiological changes, with 
hormonal and developmental signals control, causing maturation or differentiation of 
various fruit tissues simultaneously. These physiological changes affect visual, flavor, and 
aroma characteristics, and mainly induce tissue softening, making the fruit less appealing 
to consumers. Softening of fresh tomato has been associated with changes in pericarp cell 
wall and specifically with the breakdown of middle lamella pectins (Barka et al., 2000), 
resulting from the activity of endogenous pectin-degrading enzymes, namely poly-
galacturonase (PG) and pectinmethylesterase (PME). PME enzyme (EC: 3.1.1.11) is 
widely distributed in higher plants and catalyses the hydrolysis of the methoxyl group of 
pectin, forming pectic acid (Leite et al., 2006); while PG (EC: 1.2.1.15) hydrolyses the 
glycosidic linkages in pectic substances, leading to a significant decrease in firmness 
(Tangwongchai et al., 2000). Low-temperature treatments can improve vegetable texture. 
The firming effect of these treatments is associated with PME activation (Anthon et al., 
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2005). On the other hand, enzymatic inactivation could be advantageous to tomato juices, 
where the inactivation of these enzymes leads to low product viscosity (Terefe et al., 
2009). The aim of this work was to optimize PME enzyme assay from tomato fruits, and 
determine its kinetics behavior and thermal stability. 

 
MATERIALS AND METHODS 

Tomatoes (‘Zinac’) were obtained from a commercial greenhouse (Carmo and 
Silvério, Lda.) in centre west of Portugal. Fruits at turning stage, according to USDA 
classification (USDA, 1991), and uniform size were selected for analysis. 

 
PME Activity and Protein Assay 

PME activity was determined by spectrophotometric method, according to 
Hagerman and Austin (1986) with some modifications. Ten g of tomato fruits were 
homogenized with 90 ml of cold 1.0 M NaCl. The mixture was centrifuged (Sorvall 
Instruments RC5C) at 20000 g and 4°C during 25 min. The supernatants were filtered and 
adjusted at desired pH with NaOH 0.1 and 0.01 N. The standard reaction mixture 
contained 0.5% pectin from citrus fruits (Sigma Aldrich - 2 ml), 0.01% cresol red in 
sodium phosphate buffer at 0.003 M and pH 8.8 (0.150 ml), enzyme extract and water 
(0.05 and 0.800 ml, respectively). The reaction mixture was incubated at 30°C and 
activity was measured at 573 nm during 1 min (UV/vis, ATI Unicam spectrophotometer), 
expressing one activity unit as the quantity of enzyme needed to cause a 1 unit change in 
absorbance per min per ml (Abs.min.ml-1). PME activity results from the average of six 
independent measurements. Enzyme specific activity of tomato PME was expressed as 
U mg-1. One unit is expressed as the calculated rate from the slope of the absorbance 
versus time per volume of reaction plot (Abs.min.ml-1). 

Protein in the PME extracts was assayed by colorimetric method of Bradford 
(1976). The bovine albumin protein (Sigma) was used as standard protein.  

 
Optimum pH Determination and Effect of NaCl Concentration 

PME activity as function of pH was determined under standard conditions in a pH 
range of 4.6-10.0. Buffers were prepared at 0.003 M concentration with pH indicators at 
0.01%. In order to choose the proper wavelength for the assay, the reaction was measured 
at the highest peak in the spectrum within the range of 400-670 nm. Activity at each pH 
value was determined by the standard enzyme determination (U) and expressed as 
specific activity (U mg-1). The effect of NaCl concentration (0.5, 1.0 and 1.5 M) on 
enzymatic activity was also investigated.  

 
Optimum Temperature Determination 

Optimum temperature for tomato PME activity was tested under standard assay 
conditions at temperatures ranging from 30 to 80°C and optimum pH. The activity was 
expressed as specific activity.  

 
Study of Heat Stability 

The study of PME heat stability was made using 5 ml of enzyme extract placed in 
glass tubes (Durham tubes with capacity of 10 ml) and incubated in a water bath at 
different heat treatment conditions. After the heating process, the tubes were cooled in an 
ice cold water bath for 30 min. PME residual activity was determined as previously 
described and estimated by comparison with an untreated sample, to evaluate the heat 
treatment effect (binomial time-temperature). 

Tomato PME activity was described by a first-order kinetic model: 
 

 tk Te
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P 
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(1) 

where P is the PME activity, the index 0 indicates the initial value, t is the heating time 
and k is the rate constant at temperature T. 
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The reaction rate temperature dependence followed the Arrhenius behavior: 
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where kref is the reaction rate at the reference temperature, Ea the activation energy, R the 
universal gas constant, T the absolute temperature and Tref the reference temperature 
(Tref=66.25°C).  

The reaction rate at Tref and the activation energy were estimated directly from the 
experimental data in one-step (enzyme activity, full temperature range), by performing a 
global non-linear regression analysis, merging the Arrhenius equation and the considered 
kinetic model.  

Much of previously published data for enzymatic inactivation is expressed as D 
and z values. To interconvert these two sets of parameters, the following calculations 
were used. 

D value is the required time to reduce enzyme activity to 10% of its original value 
and can be estimated from the slope of the log (P/P0) versus time plot as described by 
Equation 3: 
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The z-value defines the increase in temperature to cause a 90% reduction to the D 

value, and is also used to describe PME temperature sensitivity to different treatment 
conditions. The z-value is calculated from the negative reciprocal slope of the log D 
versus temperature plot as described by Equation 4. 
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Calculation of Kinetic Parameters  

The Michaelis constant (kM) and maximum velocity (Vmax) of PME were 
determined from a Lineweaver-Burk plot with citrus pectin as the substrate at optimum 
pH and NaCl concentration. The range of substrate concentrations of the standard reaction 
mixture was from 0.005 to 1%. In another experiment, the concentration of pectin was 
fixed at 0.5% and the enzymatic activity was studied varying the total crude extract in the 
range 1.6-5.0% (v/v) to the total reaction volume. 

 
Statistical Analysis 

The obtained data was subjected to analysis of variance (ANOVA) using the 
Statistic v.7.0 Software (Statsoft, 2004). Statistically significant differences between 
samples were determined using the Tukey’s HSD test (P<0.05). 

 
RESULTS AND DISCUSSION 

 
Effect of pH and NaCl Concentration on Tomato PME Activity 

Figure 1A illustrates the effect of pH in the range of 4.6-10 on tomato PME 
activity. PME activity of raw tomato (pH of 4.0-4.5) represents only 10.5% of the 
maximum activity obtained at pH 8.8 (1.83±0.13 U mg-1). At pH 10.0, the enzymatic 
activity significantly (P<0.05) declined (73%). PME activity from tomato was higher at 
basic than at acid or neutral pH. As a result, the next experiments were carried out at pH 
8.8 using cresol red as the pH indicator. Different optimum pH for PME activity have 
been reported in fruit samples, such as apple (pH 7.5, Denès et al., 2000), white grapefruit 
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and banana (pH 7.0, Guiavarc´h et al., 2005; Nguyen et al., 2002, respectively) with 
partially purified enzyme extracts. The optimum pH obtained for tomato PME activity 
(8.8) was similar to the ones obtained by Warrilow and Jones (1995) and Fachin et al. 
(2002) in purified extracts (pH=8.0). 

The results of NaCl concentration (extraction solution) effect on tomato PME 
activity did not provide any conclusive trend (Fig. 1B). PME activity did not denote 
significant (P>0.05) changes when NaCl concentration was 0.5 M compared with the 
activity at 1 or 1.5 M. However, the activity extracted was maximal when NaCl 
concentration was 1.0 M. Na+ ions are believed to bind with the enzyme, inducing a 
conformational modification which favors the enzymatic reaction with the substrate 
(Leite et al., 2006).  

 
Effect of Optimum Temperature on Tomato PME Activity 

The effect of temperature, in the range 30 to 80°C (pH 8.8), on tomato PME 
activity is shown in Figure 2A. A minimum of PME activity was observed (1.84 U mg-1) at 
30°C. As temperature increased from 30 to 60°C, PME activity increased significantly 
(P<0.05). At the temperature range of 40-60°C the highest PME activities were found 
(2.23, 2.26 and 2.42 U mg-1 for 40, 50 and 60°C, respectively), and temperatures above 
60°C resulted in decreases in enzymatic activity. The optimum temperature for tomato 
PME activity was reported to be of 50-55°C (Verlent et al., 2007; Fachin et al., 2002), 
which is identical to the one obtained in this study. Other products like carrots, banana, 
guava and cherries showed maximum PME activities at temperature optima of 55°C 
(Ünal and Bellur, 2009), 63-64°C (Nguyen et al., 2002), 75-80°C (Leite et al., 2006) and 
60°C (Taillan et al., 1992), respectively.  
 
Calculation of Kinetic Parameters 

Vmax and kM for tomato PME using citrus pectin as substrate was found to be 
0.72 U mg-1 (r2=0.98) and 0.011%, respectively. The low kM value points to the high 
affinity between enzyme and substrate (Ünal and Bellur, 2009). Vmax depends on the 
enzyme quantity present in the reaction. Comparing reported kinetic parameters values is 
difficult, since these parameters are highly dependent on reaction variables such as pH, 
salt concentration, temperature, pectin source, as well assay method (Ünal and Bellur, 
2009). Moreover, differences concerning product variety and ripening degree contribute 
also to this difficulty (Raviyan et al., 2005). 

 
PME Thermal Stability Evaluation  

The average specific activity of PME in untreated tomato was 1.77±0.08 U mg-1. 
Heat stability of tomato PME was investigated in the temperature range of 40 to 80°C. 
The values were normalized in respect to the specific activity observed in the raw product 
(i.e., P/P0*100). Tomato PME thermal stability depends upon time and temperature 
applied, resulting into different behaviors. At a temperature range of 40-50°C (Fig. 3) and 
treatment time below to 5 minutes, an increase of PME activity was observed. For 
instance, at 45°C and 15 and 30 s, increases of 11 and 15% were determined, respectively. 
However, from this time a decrease on PME activity, with exception at 50°C, was 
observed. Anthon et al. (2005) reported also PME activation at temperatures above 50°C. 
An opposite behavior was observed at temperatures 55 to 80°C (Fig. 4), where PME 
activity was significantly decreased (P<0.05) in accordance to the intensity of the heat 
treatment (binomial time-temperature). Balogh et al. (2004) and Terefe et al. (2009) 
reported that PME inactivation in carrot and tomato juice followed a first order model 
behavior. Experimental results obtained in this work (temperature range of 55-80°C) were 
also satisfactorily described by an Arrhenius first-order kinetic behavior (model fit 
obtained by one-step regression analysis is also included in Figure 4). Estimated kinetic 
parameters for tomato PME inactivation by heat are presented in Table 1. The quality of 
the model fit was assessed by residual analysis, where the normality and randomness 
were confirmed, and a R2 value of 0.92 was obtained.  
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High activation energies are related to tomato PME temperature sensitivity. The 
estimated Ea value (235.30±31.54 kJ mol-1) was higher than the one obtained by Terefe 
et al. (2009) on tomato juice (193 kJ mol-1). Different Ea values are also found in the 
literature concerning other PME sources, such as brazilian guava (Ea=64.5 and 103 kJ 
mol-1, for concentrated and purified, respectively), carrot (323.3 kJ mol-1) and pepper 
(371.6 kJ mol-1, for atmospheric pressure PME purified extracts) (Leite et al., 2006; Jolie 
et al., 2009; Castro et al., 2006, respectively).  

The D and z values, obtained respectively by Equations 3 and 4, are presented in 
Table 1. The determined D and z values are in agreement with the ones reported by Terefe 
et al. (2009) and Raviyan et al. (2005). Nevertheless, some studies in tomato like the one 
by Anthon et al. (2002) report lower z values (z=5°C), which indicates a higher PME 
sensitivity to temperature. Published kinetic parameters show a wide variation, which can 
be attributed to the source and purity of tomato PME extracts (tomato juice or 
homogenates) or to the nature and pH of the used buffers (Raviyan et al., 2005). In 
general, an enzyme is more stable in an intact tissue or in a homogenate, where it is 
protected by the presence of other cellular components such as proteins, carbohydrates 
and pectins, than in its purified form (Terefe et al., 2009). The observed deviation from 
linearity at longer exposure heat treatments (Fig. 4) could be representative of a second 
minor PME isoform with higher thermal resistance, as referenced by Anthon et al. (2002). 

 
CONCLUSIONS 

The highest activity was found with a 1.0 of NaCl extraction solution and optima 
temperature of 60°C at pH 8.8. The kinetic parameters were 0.712 U mg-1 and 0.011% for 
Vmax and kM, respectively. These results provide useful information about the different 
factors that affect tomato PME activity and may be used as a tool for firmness control 
during postharvest handling and processing of this fruit. Tomato PME thermal 
inactivation kinetics was also quantified. 
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Tables 
 
Table 1. Kinetic parameters for tomato PME thermal inactivation. 
 

Tref (°C) Ea (kJ.mol
-1

) k (min
-1

) DTref (min) z (°C) 

66.25 235±31* 0.11±0.02* 61.65 9.37 

Confidence intervals at 95%. 
 
 
Figurese 
 

(A) (B) 

 
 
Fig. 1. Effect of pH (A) and NaCl concentration (B) on tomato PME specific activity (U 

mg-1). Each data point represents average ± standard deviation of six 
measurements. Different letters represent significant differences at P<0.05. 

 
 
 

 
Fig. 2. Effect of temperature on specific activity of tomato PME (U mg-1). Each data point 

represents average ± standard deviation of six measurements. Different letters 
represent significant differences at P<0.05. 
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Fig. 3. Thermal stability on residual specific activity of tomato PME (%) at 40-50°C. 

Each data point represents average ± standard deviation of six measurements. 
 
 
 
 

 
 
Fig. 4. Tomato PME (%) inactivation during heat treatment (55-80°C). The lines represent 

global model fits (Eqs. 1 and 2) to experimental data. 


