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Abstract 

The effect of heat treatment on the activity of xylanase, from salivary glands of Macrotermes subhyalinus little soldier 
was studied over a temperature range of 50 to 70 °C using mathematical analysis of the kinetic and thermodynamic 
parameters for the thermo-inactivation of the enzyme. Denaturation of the enzyme, measured by loss in activity, could 
be described as a first-order model, with k-values between 0.005 and 0.0217. D-values decreased with increasing 
temperature, indicating faster inactivation of the enzyme at higher temperatures. Results suggested that xylanase is the 

rmostable with a Z-value of 22.57, Ea of 92.68 kJ mol-1. Thermodynamic parameters were also calculated. The Gibbs
free energy (ΔG), values range from 109.36 to 110.27 kJ/mol for the enzyme. These kinetic data can be used to allow 
the adequate utilization of the xylanase of Macrotermes subhyalinus little soldier in the food industry and technology 
applications. 

Keywords:  Enzyme activity; Thermo-inactivation; xylanase; Kinetics; Thermodynamics; salivary glands, Macrotermes 
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1. Introduction

The lignocelluloses is the major constituent of the plant cell wall, it consists of lignin (15% –20%), hemicellulose (25 – 
30 %) and cellulose (40% – 50%) [1, 2]. Xylan is the most common hemicellulosic polysaccharide [3]. It is a 
heteropolysaccharide substituted with monosaccharides such as L-arabinose, D-galactose, D-mannoses and organic 
acids such as acetic acid, ferulic acid, glucuronic acid interwoven together with help of glycosidic and ester bonds [4, 5]. 
Xylan is a major component of hemicellulose and is a potential raw material for obtaining fermentable sugars that can 
be converted into several valuable products [6]. It accounts for 15% – 30 % in hard- woods and 7% – 10 % in softwood 
[7]. There is a need for depolymerization of this complex polymer for its efficient utilization in different industrial 
application. Several xylanolytic enzymes act synergistically to hydrolyze xylan into simple monosaccharide and 
xylooligosac- charides completely, for example, endo-1, 4-β-xylanase, β-D-xylosidase, α-L-arabino- furanosidases, α-
glucoronidases, and acetyl esterases [8]. Xylanases are produced by different living organisms such as microorganisms, 
protozoans, and molluscs, and also found in the rumen of higher animals [9]. The xylanases are mainly produced by 
micro- organisms, e.g., bacteria, fungi, and actinomycetes at industrial scale [4]. The utilization of lignocellulosic biomass 
for production of different biochemicals such as bioethanol, enzymes, and value- added compounds has tremendously 
improved in recent years. It results in providing opportunities for scientists to explore the hydrolytic potential of 
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xylanase for efficient saccharification of lignocellulosic biomass for ethanol and xylooligosaccharides [10]. The 
knowledge of xylanase opens up a wide range of biotechnological applications in multiple industries. Thus, the xylanase 
finds application in several industries like pulp and paper bleaching, food, feed, and pharmaceuticals. The use of 
xylanase in bakery break down the hemicelluloses in wheat flour, helping in the redistribution of water and leaving the 
dough softer and easier to knead [11]. Xylanases are commercially important because of their ability to catalyze the 
bioconversion of lignocellulosic material and agro- wastes into high-value products such as furfural, xylitol, biofuels, 
and artificial low-calorie sweeteners [12, 13]. xylanases are being used to improve the organoleptic characteristics of 
the fruit juices [14]. The use of xylanases in various production processes may reduce the use of chemical additives such 
as bromates [15]. Xylanases together with pectinases are commonly used for degumming of bast fibers such as flax, 
hemp, jute, and ramie [16]. In the brewing industry, addition of xylanase to brewery mash significantly reduces the 
filtration rate and viscosity [17]. Based on the importance of xylanases offer over conventional chemical reagents, their 
application at an industrial scale, they must be required in huge amount for industrial level application with 
characteristic properties to survive the harsh industrial level processing’s [17]. Therefore, there is a need to select 
potent microorgan- isms for xylanase production, followed by optimization of media components for enhanced 
production, to know optimal conditions of enzyme active sites functioning and the effect of different physical-chemical 
factors on their activity. The aim of this work was to investigate the effect of heat treatment over a range of temperatures 
from 50 to 70 °C on the xylanase. So, determination and analysis of kinetic and thermodynamic parameters were 
undertaken. These results can indicate an adequate choice of temperature conditions to use of xylanase, from salivary 
glands of Macrotermes subhyalinus little soldie in industries and allow to predict the impact of a given heat-treatment 
and to design processes suitable to obtain the desired product properties [18].  

2. Material and methods 

2.1. Enzyme source 

Xylanase used in this study were previously purified from salivary glands of Macrotermes subhyalinus little soldier [19, 
20]. This enzyme were homogeneous on polyacrylamide-gel electrophoresis without sodium dodecyl sulphate (SDS).  

2.2. Enzyme assay and protein determination 

Under the standard test conditions, xylanase activity was assayed spectrophotometrically by measuring the release of 
reducing sugars from Birchwood xylan. The reaction mixture (0.38 ml) contained 0.2 ml of 0.5 % xylan (w/v) dissolved 
in 20 mM acetate buffer (pH 5.0) and 0.1 ml enzyme solution. After 30 min of incubation at 45 °C, the reaction was 
stopped by adding 0.3 ml of dinitrosalicylic acid solution and heating for 5 min in boiling water bath. The absorbance 
was measured at 540 nm after cooling on ice for 5 min. Experiments were performed in triplicate, and the specific 
activity was expressed as units per mg of protein (U/mg of protein). One unit (U) of enzyme activity was defined as the 
amount of enzyme capable of releasing one μmol of reducing sugar per min under the defined reaction conditions. 
Protein was determined by the method of Lowry [21] using bovine serum albumin as standard.  

2.3. Thermal inactivation  

The thermal inactivation of the enzyme was determined at constant temperature between 50 and 70 °C after exposure 
to each temperature for a period of 5 to 60 min. The enzyme was heated in sealed tubes, which was incubated in 100 
mM sodium acetate buffer (pH 5.0) in a thermostatically controlled water bath. Tubes were withdrawn at each time 
intervals and immediately immersed in an ice bath, in order to stop heat inactivation. The residual enzymatic activity, 
determined at 37 °C under the standard test conditions, was expressed as percentage activity of zero-time control of 
the untreated enzyme.  

2.4. Kinetic data analysis  

First-order kinetic has been reported to describe thermal inactivation of xylanase [22]. The integral effect of inactivation 
process at constant temperature, where the inactivation rate constant is independent of time, is given in Equation 1 (Eq. 
1).  nge:  

ln (At/A0) = – kt                                                                                                               (1)  

where, At is the residual enzyme activity at time t (min), Ao is the initial enzyme activity, k (min-1) is the inactivation 
rate constant at a given condition. k-values were obtained from the regression line of ln (At/Ao) versus time as slope.  
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D-value is defined as the time needed, at a constant temperature, to reduce the initial enzyme activity (Ao) by 90 %. For 
first-order reactions, the D-value is directly related to the rate constant k (Eq. 2) [23, 24]:  

D = 2.303/k                                                                                                                     (2) 

The Z-value (°C) is the temperature increase needed to induce a 10-fold reduction in D-value [23] and follows the Eq. 3: 

Log (D1/D2) = (T2 – T1)/Z                                                                                                  (3)  

where, T1 and T2 are the lower and higher temperatures in °C or K, D1 and D2 are D-values at the lower and higher 
temperatures in min, respectively.  

The Z-values were determined from the linear regression of log (D) and temperature (T).  

2.5. Thermodynamic analysis  

The Arrhenius equation is usually utilized to describe the temperature effect on the inactivation rate constants and the 
dependence is given by (Eq. 4 or 5):  Actvation energy (Ea) 

k =Aexp(–Ea/RT)                                                                                                          (4)  

or lnk =lnA – (Ea/RT)                                                                                                   (5)  

where, k is the reaction rate constant value, A the Arrhenius constant, Ea (kJ.mol-1) the activation energy, R (8.31 J.mol-

1K-1) the universal gas constant and T (K) the absolute temperature.  

When lnk is plotted versus the reciprocal of the absolute temperature, a linear relationship should be observed in the 
temperature range studied. The slope of the line obtained permitted to calculate the Ea and the ordinate intercept 

corresponds to lnA [25]. The changes in enthalpy (ΔH#, kJ.mol-1), entropy (ΔS
#
, J.mol-1.K-1) and Gibbs free energy (ΔG

#
, 

kJ.mol-1) for the thermal denaturation of xylanase were determined using following equations (Eq. 6; 7; 8) [26].  

ΔH
# 

= Ea–RT                                                                                                                     (6)  

ΔS
# = R (lnA – lnKB /hp – lnT)                                                                                     (7)  

ΔG
# 

= ΔH
# 

– T ΔS
#                                                                                                       (8)  

where, KB (1.38 x 10-23 J.K-1) is the Boltzmann’s constant, hp the Planck’s constant (6.626 x 10-34 J.s) and T the absolute 
temperature.  

2.6. Statistical analyses  

All determinations reported in this study were carried out in triplicate. Results were expressed as means ± standard 
deviation. 

3. Results and discussion 

 Fagbohoun and Fagbohoun [19, 20]. have purified a xylanase from salivary glands of Macrotermes subhyalinus little 
soldier. Thus, enzyme showed maximal hydrolytic activitie at 50 °C. The rate of thermal inactivation of xylanase was 
measured over the temperature range 50 °C-70 °C. It was observed that the time and temperature of the heating process 
affected the rate of inactivation of the enzyme. The residual enzyme activities for xylanase is shown in Table 1. The 
enzyme is completely inactivated between 65 °C and 70 °C after 35 minutes (Table 1). It is well known that enzymes are 
proteins with three-dimensional structure which are essential for their activities [27]. It seems that after a long-term 
exposure to heat, this enzyme three-dimensional structure was destabilized and then, inactivated. So, a biocatalyst 
capable to resist against thermal unfolding in absence of substrate is categorized as thermostable, while an enzyme 
molecule able to catalyze reactions (that means substrate presence) at high temperatures (beyond 70 °C) is qualified of 
thermophilic [28]. 
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Table 1 Effect of treatment temperature and time on the inactivation of xylanase from salivary glands of Macrotermes 
subhyalinus little soldier. 

Relative activity 
(%) at each 
treatment time 
(min) 

Temperature (°C) 

50 55 60 65 70 

5* 97.53± 0.8 95.12± 0.6 91.39± 0.7 90.48± 0.8 69.76±0.7 

10 95.95± 1.9 92.31± 0.9 86.07± 1.0 81.05± 1.6 49.65±1.5 

15 92.31± 1.0 88.69± 0.4 77.88± 0.4 74.08± 0.2 27.25±0.6 

20 90.48± 0.9 86.07± 0.4 74.08± 0.8 67.03± 1.3 20.18±0.8 

25 87.80± 0.6 81.87± 0.2 70.46± 1.0 57.89± 0.5 13.53±0.8 

30 86 .07± 1.1 79.45± 0.6 65.05± 0.4 52.89± 0.2 8.20±0.3 

35 83.83± 0.0 77.38± 0.3 58.86± 0.4 45.84± 0.2 0 

40 81.87± 0.4 74.08± 0.7 54.88± 0.7 41.89± 0.5 0 

45 80.25± 0.1 71.89± 0.7 49.65± 1.1 37.53± 1.0 0 

50 78.38± 0.2 69.07± 0.2 47.23± 0.3 33.28± 0.6 0 

55 76.03± 0.4 67.03± 0.7 44.93± 0.5 30.11± 0.9 0 

60 74.08± 0.3 63.76± 0.2 39.45± 0.3 27.25± 0.6 0 

The thermal inactivation of the xylanase studied represented in Figure 1 shows that the enzyme followed a first-order 
kinetic. This is explained by the logarithmic linear relationship between the xylanase activities and time of treatment 
for the temperatures ranged from 50 °C to 70 °C (Fig. 1). Similar results have been reported for xylanase from the 
thermophilic fungus Melanocarpus albomyces [29]. Moreover, this linear appearance for the graph ln (At /A0) suggests 
that each reaction mixture contains only one enzyme that catalyzes the substrate hydrolysis. Indeed, the combined 
activities of several xylanases (in the same reaction mixture) would have resulted in a curve with many phases instead 
of a straight line. 

 

(●) 50°C ; (○) 55°C ; (▲) 60°C ; (Δ) 65°C. 

Figure 1 First order thermal inactivation of xylanase isolated from salivary glands of Macrotermes subhyalinus little 
soldier at different temperature. A0 is the initial enzymatic activity and At the activity at each holding time. Each data 
point is the mean of three determinations 

 

From the slope of the graphs in Figure 2, the inactivation rate constants (k) were estimated. Then, k values and half-life 
(t1/2) of studied xylanase is presented in Table 2. These results show that k values increase with increasing pre-
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incubation temperature for the enzyme. This confirms the instability of the enzymatic protein at high temperatures as 
reported by [30]. This author argues that higher value of k constant means that the enzyme was less thermostable. As 
concerned the half-life of xylanase from salivary glands of Macrotermes subhyalinus little soldier, she appear to be too 
longer at optimum temperature, then she decrease beyond. At the optimum temperature, xylanase showed half-live of 
138.60 minutes. This result suggests that xylanase isolated from salivary glands of Macrotermes subhyalinus little soldier 
more thermally stable. However, the half-live found in this study was higher compared to half-life obtained for xylanase 
from the fungus Melanocarpus albomyces IIS 68 which was of 126.1 minutes at 50 °C [29]. 

Table 2 k, D-, t1/2, Z- and Ea-values for thermal inactivation of xylanase from salivary glands of Macrotermes 
subhyalinus little soldier. in the 50-65 °C temperature range. 

 

Temperature (°C) 

Kinetic parameters 

K (min-1) D (min) t1/2 (min) Z (°C) Ea (kJ/mol) 

Value R2 

50 0.005 ± 0.001a 0.998 460.6 ± 35 138.60 ± 7   

55 0.0075 ± 0.002 0.997 307.06 ± 27 92.40 ± 6 22.57 ± 0.4 92.68 ± 0.26 

60 0.0151 ± 0.001 0.996 152.51 ± 25 45.89 ± 3   

65 0.0217 ± 0.001 0.998 106.12 ± 27 31.93 ± 5   

 

Figure 2 Arrhenius plot for thermal inactivation of xylanase isolated from salivary glands of Macrotermes subhyalinus 
little soldier. 1/T represents the reciprocal of the absolute temperature. Each data point is the mean of three 
determinations 

Figure 3 depicts the effect of temperature on D values for inactivation of the xylanase isolated from salivary glands of 
Macrotermes subhyalinus. The D values, which are the time required to reduce the enzyme activities by 90%, 
corroborate results obtained for half-life. Indeed, for the studied xylanase, D values decreased very sharply with 
increasing temperature. This is the proof that the inactivation time of the studied enzymatic molecule is shortened 
rapidly at high temperatures.  

Similarly to the works of Bankeeree et al. [31] thermal stability of tropical isolate xylanase from Aureobasidium 
pullulans, purified xylanase from Aspergillus niger DFR-5 and peptide P34 decreased respectively at higher 
temperature. D-values for xylanase ranged from 460.6 ± 2.78 to 106.12 ± 0.68 min. The effect of temperature on D- and 
Z-values of xylanase from little soldier of Macrotermes subhyalinus are shown in Table 3.  

The temperature increase required to decrease the D- value by one log cycle i.e. Z-value, of the xylanase, calculated from 
the slope of graph between log D versus temperature, was 22.57 ± 3.02 (Figure 3). The high magnitudes of Z-values 
mean more sensitivity to the duration of heat treatment and lower Z-values mean more sensitivity to increase 
temperature [32]. In fact, differences between the D- and Z- values of enzyme and nutrients are exploited to optimize 
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thermal processes and can be exploited also to maintain xylanases activity after treatment. In this study, D-, Z- and k-
values indicate that the xylanase are heat stable and then can be used in high temperature short time and low 
temperature long time industrial processes such as pasteurization, where values of 65 °C for 3-5 min and 55 °C for 30 
min, respectively, are generally considered. In fact the D- and Z-values of xylanase are exploited to optimize thermal 
processes and to preserve enzyme activity after treatment. 

 

Figure 3 Effect of temperature on D values for inactivation of xylanase isolated from salivary glands of Macrotermes 
subhyalinus little soldier. Each data point is the mean of three determinations 

The slopes of Arrhenius plots in Figure 2 allow us to calculate the activation energy (Ea) of the enzyme. Activation 
energy is a minimum amount of energy required for the native enzyme in order to initiate the inactivation or 
denaturation process. This activation energy can be seen as the energy barrier that molecules need to cross to be able 
to react [33]. Beyond the activation energy, the enzyme is denatured and cannot refold to the native form as reported 
by Siddiqui et al. [34]. The Ea value of xylanase from little soldier of Macrotermes subhyalinus was from 92.68 kJ/mol 
(Table 2). For example, it means that for xylanase, it was necessary to absorb 92.68 kJ from the external medium to start 
its inactivation at temperatures between 50 °C and 70 °C. This value was lower than the one found (108.69 kJ/mol) for 
endoglucanase from Humicola insolens [35]. The relative high value obtained for activation energie suggest that 
important energy amounts must be supplied to the studied enzyme in order to initiate the denaturation process. It 
means that the xylanase is relatively thermostable. 

The activation energy value enabled the determination of enthalpy, entropy, and free energy of activation of the enzyme. 
These thermodynamic parameters of inactivation provides information on the enzyme thermal stability for each step 
of the heat-induced denaturation process. This could help in detecting any secondary stabilization or destabilization 
effects that would go unnoticed if only the half-life times were considered [36].These parameters include ΔG, the Gibbs 
free energy change considered as the energy barrier for enzyme inactivation, the enthalpy (ΔH) change measuring of 
the number of bonds broken during inactivation, and the entropy (ΔS) change that indicates the net enzyme and solvent 
disorder. They were calculated in the temperature range 50 to 70 °C from experimental data using eqs 6-8 (Table 3). 
Results for ΔH show that, within the error range of our measurements, the enthalpy is independent of temperature; 
thus, there is no change in the enzyme heat capacity (Table 3). The ΔH value found in this study (89.94 kJ/mol) was 
much higher than those reported for other xylanases (Xyl1 and Xyl2), from abdomen of Macrotermes subhyalinus little 
soldier (45.34 and 72.77 kJ/mol) [37]. In general, ΔH is seen as a measure of the number of noncovalent bonds broken 
in forming a transition state for enzyme inactivation. Therefore, the higher the ΔH is, the larger will be the number of 
noncovalent bonds present in the enzyme molecule, which is going to be more stable. In fact, the stability of a protein is 
the result of a delicate balance between stabilizing and destabilizing forces, which may be influenced by several factors, 
e.g., the number of hydrogen and disulfide bridges, the folding degree and hydrophobicity of the molecule, and the 
amount of ionic and other interactions [38]. Our results would therefore suggest that xylanase, from salivary glands of 
Macrotermes subhyalinus little soldier is more structurally robust than the others enzymes. However, Forsyth et al. [39] 
raised questions about the suitability of use of isolated ΔH values as indicators of enzyme stability. 

In contrast, the ΔG value is directly related to protein stability: the higher the ΔG is, the higher will be the enzyme 
stability. When the incubation temperature was elevated from 50 to 70 °C, there was a slightly increase of ΔG values for 
the xylanase, from salivary glands from 109.36 kJ/mol to 110.27 kJ/mol (Table 3), indicating that the inactivation 
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processes were not spontaneous. Since ΔG decreases with increasing temperature whereas ΔH is overall constant, one 
could expect a significant contribution of entropy changes to the thermodynamics of the considered system. In fact, it 
was already demonstrated that activation entropy has a dominant role in thermal inactivation of proteins in aqueous 
solutions [39, 40].  

As indicated in Table 3, all ΔS values for thermal inactivation of the xylanase, from salivary glands of Macrotermes 
subhyalinus little soldier are negative and similar (-60.17 J/mol•K) in the temperature range 50 to 70 °C. This suggests 
that there are no significant processes of aggregation, since, if this would happen, the values of entropy would be 
positive [41]. The most common cause of the heat inactivation of enzymes is the loss of the native conformation 
(unfolding of the active tertiary protein structure to a disordered polypeptide), a process identified as 
thermodenaturation, which takes place as a result of increased molecular mobility at elevated temperature [42].  

Based on our results, it is concluded that thermal inactivation of the xylanase, from salivary glands of Macrotermes 
subhyalinus little soldier could be described by a firs-order kinetic model. D-, Z-, k values and the high values obtained 
for activation energy and change in enthalpy indicated that a high amount of energy was needed to initiate denaturation 
of the xylanase from Macrotermes subhyalinus little soldier, most likely due to its stable molecular conformation. This 
high thermostability may be taken into account when thermal treatments are used to obtain processed products derived 
from the xylanase, from salivary glands of Macrotermes subhyalinus little soldier. 

4. Conclusion 

Analysis of the inactivation constants during the heat treatment showed that the xylanasic activity of the small soldier 
of the termite Macrotermes subhyalinus decreases according to kinetics of order 1. The values of the parameters D and 
Z show that these enzymes reflect resistance and thermal stability over time. The thermotolerance of these biocatalysts 
is confirmed by the high values of activation energy and free enthalpy. xynalase is of major importance in various 
commercial processes, particularly in the stationery industry and in the food industry. Much thought has been given to 
the use of xylanase to improve the degradation of biomass for biofuels. Exploration of the hydrolytic and 
thermodynamic potential of xylanase isolated from the termite Macrotermes subhyalinus is an excellent lead for 
potential use in biofuel production. Because indeed, these termites feed only on vegetable matter which is among other 
things the subsrat for the production of biofuels. 
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