
ORIGINAL ARTICLE

Studies on Exo-Chitinase Production from Trichoderma
asperellum UTP-16 and Its Characterization

D. Praveen Kumar • Rajesh Kumar Singh • P. D. Anupama •

Manoj Kumar Solanki • Sudheer Kumar • Alok K. Srivastava •

Pradeep K. Singhal • Dilip K. Arora

Received: 30 May 2011 / Accepted: 26 September 2011 / Published online: 14 October 2011

� Association of Microbiologists of India 2011

Abstract The growth conditions for chitinase production

by Trichoderma asperellum UTP-16 in solid state fer-

mentation was optimized using response surface method-

ology based on central composite design. The chitinase

production was optimized, using one-factor at a time

approach, with six independent variables (temperature, pH,

NaCl, incubation period, nitrogen and carbon sources) and

3.31 Units per gram dry substrate (U gds-1) exo-chitinase

yield was obtained. A 21.15% increase was recorded in

chitinase activity (4.01 U gds-1) through surface response

methodology, indicates that it is a powerful and rapid tool

for optimization of physical and nutritional variables.

Further, efficiency of crude enzyme was evaluated against

phytopathogenic Fusarium spp. and a mycelial growth

inhibition up to 3.5–6.5 mm was achieved in well diffusion

assay. These results could be supplemented as basic

information for the development of enzyme based formu-

lation of T. asperellum UTP-16 and its use as a biocontrol

agent.
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Introduction

Chitinases (EC 3:2:1:14) are the key hydrolytic enzymes

responsible for the degradation of chitin [1]. These

enzymes has important roles in biological control of pests

and diseases, as growth promoting factors, in food and

feed, medicine, waste management, sweetners and in

industries [2]. The chitinolytic enzymes of microbial ori-

gins, especially exo-chitinases of Trichoderma spp. can

restrict the growth of soil-borne pathogens through

hydrolysis of cell wall associated chitin [3]. Chitinase

production by T. harzianum was found to be induced using

wheat bran-based solid medium containing 1% colloidal

chitin and the chitinase lead to the lysis of the phytopath-

ogenic fungus Colletotrichum gloeosporioides [4]. In this

context, solid state fermentation (SSF) has emerged as a

promising technology for the enzyme production from

cheaply available agro-industrial residues such as wheat

bran, rice bran, oil cakes, etc. [5]. Optimization of growth

parameters and media components for chitinase production

in SSF following one-factor-at-a-time has been widely

reported [6]. However, optimization with multivariable

factors can be designed to produce more precise, appro-

priate and reproducible results for maximum production of

enzymes with least cumbersome and cost effective way.

Response Surface Methodology (RSM) has eased process

development for designing experimental models for mul-

tivariable factors in order to interpret the effects of dif-

ferent substrates, nutrient concentrations, growth condition

and their possible interactions for the higher production of

the enzymes [6].

Each organism has its own special conditions or

requirements for maximum enzyme production. Therefore,

the present investigation was initiated with an aim to

optimise wheat bran-to-carbon/nitrogen source ratio, pH
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level, NaCl concentration, temperature and incubation time

for exo-chitinase production from T. asperellum UTP-16

using RSM and antifungal activity of crude extract of

chitinase against phytopathogenic Fusaria.

Materials and Methods

Microbial Cultures Used

Trichoderma asperellum UTP-16 was isolated from Utta-

rakhand, India and maintained on Potato Dextrose Agar

medium at 26 ± 2�C. The organism has been deposited in

the culture collection of National Bureau of Agriculturally

Important Microorganisms (NBAIM) with the accession

no.: NAIMCC-F-1937.

Soil-borne pathogenic fungi viz. Fusarium oxysporum f.

sp. lycopersici (NAIMCC-F-00899), F. oxysporum f. sp.

ciceri (NAIMCC-F-00857) F. solani (NAIMCC-F-00977)

and F. udum (NAIMCC-F-01038) were obtained from

culture collection of NBAIM, Mau, Uttar Pradesh, India.

Solid State Fermentation and Enzyme Extraction

Five gram of sterilized solid substrate media (dry wheat

bran) contained in 250 ml Erlenmeyer flask was supple-

mented with 2 ml salt solution (0.5% NH4NO3, 0.2%

KH2PO4, 0.1% NaCl, and 0.1% MgSO4�7H2O). Initial

moisture level in the substrate was maintained at 20%

(w/v) by addition of adequate amount of double distilled

water. Thoroughly mixed substrate was autoclaved

(121.5�C for 1 h for two consecutive days) and allowed to

cool at room temperature. The substrate was inoculated

with 1 ml of fungal spore suspension (2 9 107 spores/ml)

and incubated at 26 ± 2�C for 72 h. Crude enzyme was

extracted from fermented substrate by adding distilled

water (100 ml) containing Tween 80 (0.1%) to the flasks.

Flasks were kept on a rotary shaker at 150 rpm for 30 min

for proper mixing, and centrifuged at 22409g for 10 min at

4�C. The supernatant was collected and used as crude

enzyme extract for enzyme estimation.

Estimation of Exo-Chitinase Activity

Exo-chitinase activity was estimated by dinitrosalicylic

acid method [7] using colloidal chitin as substrate. One unit

(U) of exo-chitinase activity is defined as the amount of

enzyme that is required to release 1 lmol of N-acetyl-b-D-

glucosamine per minute from 0.5% of dry colloidal chitin

solution under standard bioassay conditions and expressed

as Units per gram dry substrate (U gds-1) [8].

Single Variable Optimization for Exo-Chitinase

Biosynthesis

Single variable optimization for maximum exo-chitinase

yield in SSF was carried out. One variable was varied at a

time keeping other variable constant, it included the incu-

bation time (24–120 h), incubation temperature (20–45�C),

pH (4–12), salt concentration (2–6% NaCl), effect of

nitrogen sources such as peptone, yeast extract, urea,

ammonium chloride, ammonium sulphate, casein and var-

ious carbon sources such as arabinose, fructose, D-glucose,

mannose, starch, xylose. For each parameter optimization,

three sets of independent experiments were carried out and

the average values were reported.

Process Optimization Using RSM

Six variables, which were expected to have an effect on

exo-chitinase production, identified by one-factor at a time

approach was further analyzed using a two-level fractional

factorial design developed by Montogomery [9]. Accord-

ing to two level six variable concepts, a fractional factorial

design was considered with one centre point, which leads

to 33 runs matrix. All the variables were taken as a central

coded value considered as zero. The minimum and maxi-

mum ranges of variables investigated, and the full experi-

mental plan with respect of their values in actual and coded

form are listed in Table 1. The exo-chitinase yield was

taken as the dependent variable or response (Y). The results

of CCD were used to fit a second order polynomial equa-

tion represented as;

Y ¼ b0þ b1Aþ b2Bþ b3Cþ b4Dþ b5E

þ b6Fþ b12ABþ b13ACþ b14ADþ b15AEþ b16AF

þ b23BCþ b24BDþ b25BEþ b26BFþ b34CD

þ b35CEþ b36CF þ b45DEþ b46DFþ b56EF

where Y is predicted response; b0 is regression coefficient;

b1, b2, b3, b4, b5 and b6 are linear coefficients; b12, b13,

b14, b15, b16, b23, b24, b25, b26, b34, b35, b36, b45, b46 and

b56 are interaction coefficients

Three dimensional response surface and contour pre-

sentations were plotted to find the optimal level of vari-

ables for maximum exo-chitinase production. The

response surface curves were plotted for the variation in

exo-chitinase yield as a function of the levels of two

variables when all the other variables were kept at their

central levels. The optimum level of each variable was

identified based on the central point of the corresponding

contour plot.
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Evaluation of Enzyme Efficacy Against Fungal

Pathogens Under In Vitro Condition

T. asperellum UTP-16 was cultured under SSF as opti-

mized through RSM. The crude enzyme was extracted, as

described above (SSF and enzyme extraction) and filtered

through a sterile membrane (0.2 lm). The effect of the

crude exo-chitinase on mycelial growth inhibition was

evaluated against four phytopathogenic Fusaria (F. oxy-

sporum f. sp. ciceri, F. oxysporum f. sp. lycopersici, F.

solani and F. udum) using well diffusion method. Wells of

8 mm diameter were punched into the inoculated plates

and filled with crude exo-chitinase (200 ll) in varied

concentrations (100 and 50% diluted). The plates were

incubated for 5–6 days at 26 ± 2�C and observed for

growth inhibition zone.

Genomic DNA Extraction, ITS rRNA Gene

Amplification and Sequencing

Genomic DNA was extracted using the method of Raeder

and Broda [10]. ITS region was amplified using universal

primer ITS1 and ITS4 [11]. The amplified PCR product

were sequenced by ABI3100 Genetic Analyzer with both

the primers. The sequences were compared with ITS rRNA

gene sequence available in the NCBI GeneBank database

using BLASTn program. Identification to the species level

was determined as maximum homology (C97%) to a strain

sequence in the GenBank.

Statistical Analysis

In all the experiments, treatments were arranged in com-

plete randomised block design. Analysis of variance was

performed for each experiment and means were compared

by using Turkey range test (P B 0.05) (SPSS software

Version 16). The analysis of central composite design

(CCD) was carried out with the Design Expert � software

package (version 6.0, State-Ease Inc., Minneapolis, MN,

USA).

Results and Discussion

Single Variable Optimization for Exo-Chitinase

Production

Every organism has its own restraint and optimal condi-

tions for growth and enzyme production. T. asperellum

UTP-16 showed significant amount of exo-chitinase pro-

duction (1.67 U gds-1) on minimal media, and further

selected for optimization. During single variable optimi-

zation (Fig. 1), T. asperellum UTP-16 gave maximum exo-

chitinase yield (1.89 ± 0.01 U gds-1) at 35�C. Variation

in incubation temperature adversely affected the exo-chi-

tinase production, and on incubation period of 56 h,

enzyme production (2.08 ± 0.10 U gds-1) was at peak.

The different range of pH muscularly affects the growth

and activity of all the microorganisms. Trichoderma spp.

are well-known to grow on wide range of pH, but for

enzymes production, it was reported from 4.6 to 6.8 [12]. T.

asperellaum UTP 16 gave the maximum exo-chitinase

activity at pH 6 (1.89 ± 0.03 U gds-1). Osmotic balances

of cells are also equally important for enzyme production

and maximum exo-chitinase activity (2.0 ± 0.01 U gds-1)

was recorded at 3% NaCl. Similarly, the enhancement in

exo-chitinase production was previously reported in

Bacillus pumilus (SG-2) on addition of 3.5% of NaCl in

SSF [13]. On the supplementation of wheat bran with most

covenant carbon and nitrogen source for maximum enzyme

production, maximum activity was observed on supple-

mentation with starch (2.05 ± 0.04 U gds-1) as carbon

source and yeast extract (2.09 ± 0.04 U gds-1) as nitrogen

source as compared to others. This is in close conformity of

the earlier report on utilization of cheap agricultural wastes

for enzyme production such as rice bran and wheat bran

Table 1 Experimental range and levels of six independent variables studied using CCD in terms of actual and coded factors

Variable(s) Unit Range of variables (coded/actual)

-1.565 (a) -1 0 ?1 ?1.565 (a)

Starch g/l 0.015 0.1 0.25 0.4 0.484

Yeast extract g/l 0.015 0.1 0.25 0.4 0.484

pH 4–12 5.434 6 7 8 8.565

NaCl (%) g/l 1.434 2 3 4 4.565

Incubation temperature oC 27.174 30.0 35.0 40 42.825

Incubation period Hours 24.698 36 56 76 87.301
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supplemented with organic additives for many microor-

ganism like Streptomyces violaceoruber, Trichoderma vi-

ride, and Penicillium chrysogenum [14–16].

Process Optimization Using RSM

The interactions of six variables (starch, yeast extract, pH,

NaCl, temperature and incubation time) having maximum

influence on exo-chitinase activity were examined through

CCD (Table 1). The resulted CCD experiments for inves-

tigating the effect of six independent variables along with

the mean predicted and observed responses are presented in

Table 2. The regression equation obtained after the anal-

ysis of variance (ANOVA) gave the level of exo-chitinase

as a function of an initial value of the variables and the

final response equation that represented a suitable model

for exo-chitinase production is depicted below in terms of

actual values.

Fig. 1 Optimization of exo-chitinase production by T. asperellum UTP-16 using one variable at a time approach. The variables are

A temperature, B pH, C NaCl, D incubation time, E carbon and F nitrogen sources
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Y ¼ �28:69þ9:157A þ8:028B þ2:208C �1:204D

þ 0:837E þ 0:350F þ13:840AB � 0:324AC

�4:434AD �0:123AE þ 0:141AF �2:234BC

þ 0:096BD � 0:132BE þ 0:143BF � 0:201CD

�0:037CE � 0:033CF þ 0:172DE� 0:013DF

� 0:002EF:

Where: Y is the level of exo-chitinase (response) as a

function of starch (A), yeast extract (B), pH (C), NaCl (D),

temperature (E) and incubation time (F).

The regression equation indicates that coefficient of

determination (R2) was 0.82 for exo-chitinase production.

The R2 value provides a gauge of variability to observed

activity response, value closer to 1 shows strength of model

with all predictions, and present model explained 82% of

variability. The optimal levels of variables were deter-

mined by constructing three dimensional surface plots of

exo-chitinase response was plotted on z-axis against two

independent variables. Figure 2 showed the response of

exo-chitinase in presence of starch with yeast extract,

incubation period and incubation temperature and incuba-

tion period with NaCl concentration. It was observed that

exo-chitinase yield increased with increasing the level of

starch supplementation to substrate up to 0.4%

(3.20 U gds-1).

The interactive effect of yeast extract and starch on exo-

chitinase yield clearly showed that at lower amount of

Table 2 Results of CCD using six independent variables and eight centre points showing observed and predicted response

Std Starch

(g)

Yeast extract

(g)

pH NaCl

(%)

Temperature

(oC)

Incubation period

(h)

Actual value

(U gds-1)

Predicted value

(U gds-1)

1 0.4 0.4 8 2 40 36 1.195 1.241

2 0.4 0.4 8 4 30 36 0.691 0.737

3 0.4 0.1 8 4 30 76 0.892 0.939

4 0.4 0.1 6 4 30 36 1.036 1.083

5 0.25 0.25 7 3 35 93.36 1.843 1.889

6 0.1 0.4 8 2 30 36 0.604 0.651

7 0.25 0.25 7 1.13 35 56 1.209 1.256

8 0.25 0.25 7 3 35 56 2.995 2.888

9 0.4 0.25 5.13 3 35 56 4.017 4.064

10 0.25 0.25 8.87 3 35 56 0.230 0.123

11 0.1 0.1 6 4 40 36 1.368 1.414

12 0.53 0.25 7 3 35 56 1.857 1.750

13 0.4 0.4 6 2 40 76 0.936 0.982

14 0.1 0.1 8 4 40 76 1.785 1.832

15 0.1 0.4 6 2 30 76 3.110 2.198

16 0.25 0.25 7 3 44.34 56 3.916 3.809

17 0.1 0.4 8 4 40 36 0.892 0.939

18 0.25 0.25 7 3 35 18.64 0.619 0.512

19 0.1 0.1 8 2 30 76 0.460 0.507

20 0.4 0.1 8 2 40 76 1.756 1.649

21 0.25 0.53 7 3 35 56 0.633 0.680

22 0.25 0.25 7 3 35 56 0.172 0.065

23 0.25 0.25 7 4.87 35 56 0.057 2.198

24 0.1 0.4 6 4 40 76 2.620 2.514

25 0.25 0.25 7 3 35 56 2.044 2.091

26 0.25 0.03 7 3 35 56 1.800 2.198

27 0.25 0.25 7 3 35 56 2.779 2.198

28 0.25 0.25 7 3 25.66 56 3.168 3.061

29 0.03 0.25 7 3 35 56 1.497 1.391

30 0.1 0.1 6 2 30 36 2.044 2.091

31 0.25 0.25 7 3 35 56 1.915 1.808

32 0.4 0.1 6 2 40 36 2.707 2.198

33 0.4 0.4 6 4 30 76 1.339 1.232
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yeast extract with an increase in starch level significantly

enhanced exo-chitinase yield. Al-Taweil and associates

[15] reported that biomass production of T. viride increased

significantly by increasing the carbon source while the

nitrogen remains at lower levels. The chitinase yield was

reached at maximum level on 56 h. of incubation followed

by gradual decrease. This might be because of increase in

biomass. However after a certain limit, the depletion of

nutrient resulted in decreased metabolic activity, there was

a stability between proliferating biomass and the avail-

ability of nutrients that supports the production of enzyme

[13]. Contrarily, the present study recorded decrease in

exo-chitinase yield with addition of yeast extract in sub-

strate. A sharp increase in exo-chitinase yield was observed

with decrease of pH. Incubation temperature and starch

supplementation interaction showed that exo-chitinase

production lessen with increase of incubation temperature

while, rise with increase in starch level. Exo-chitinase yield

was significantly influenced by NaCl concentration. Sig-

nificant enhancement in exo-chitinase yield was observed

with supplementation of NaCl up to 3% followed by

gradual decline. The result clearly indicates that significant

enhancement in exo-chitinase production could be

achieved by T. asperellum UTP-16 using the statistical

designs and the most critical factors identified in the

present study. Medium optimization by a conventional one

variable at-a time approach led to a substantial increase in

enzyme yield. However, this approach is not only cum-

bersome and time consuming, but also has the limitation of

ignoring the importance of interaction of various physio-

logical parameters. The statistical approach using RSM can

be efficiently used for multivariable optimization in bio-

logical systems [14, 17]. The RSM model developed in

present study satisfied all the necessary arguments for its

use in optimization with 21.15% increase in exo-chitinase

activity.

Fig. 2 Response surface plots of exo-chitinase activity of T. asperellum UTP-16 at concentration as a function of: A yeast extract and starch,

B incubation period and starch, C incubation temperature and starch, D incubation period and NaCl
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Antifungal Activity of Exo-Chitinase Under In Vitro

Conditions

Antifungal activity of crude exo-chitinase extract was

observed against all the fungal pathogens and maximum

zone of inhibition was recorded against F. oxysporum f. sp.

ciceri (5.2 mm), F. oxysporum f. sp. lycopersici (6.3 mm)

followed by F. solani (4.4 mm) and F. udum (3.3 mm).

Diluted (50%) enzyme extract showed similar pattern but

zone of inhibition was marginally reduced (Figs. 3, 4, 5). It

is known that the extracellular cell wall degrading enzymes

are the main mechanism involved in the biological control

of fungi by T. harzianum, moreover, the physiological

function of exo-chitinase depends on their source [18].

Identification

The isolate UTP-16 was identified as T. asperellum on the

basis of ITS rDNA sequence similarity in the GeneBank

database through BLASTn programme and the sequence

was submitted to NCBI GeneBank database under the

accession number FJ640576.

Conclusion

RSM is the most effective tool for optimization with

multivariable factors to produce more precise, appropriate

and reproducible results for maximum production of

enzymes with least cumbersome and cost effective way.

Wheat bran is a cheap agro waste substrate and can be used

for biomass and exo-chitinase production by T. asperillum

UTP-16. The mycelia growth inhibition of phytopatho-

genic Fusaria by crude exo-chitinase preparation indicates

its possible use as a biocontrol agent against these patho-

gens. However, in fact, Trichoderma based products were

stretched in disease management system but application of

exo-chitinase in disease management is still limited. So, the

present investigation could make a derivation to expand

this narrative type of Trichoderma-protein based consor-

tia’s for eco-friendly disease management. Moreover,

Fig. 3 Antifungal activity of crude exo-chitinase extract of T.
asperellum UTP-16 against different phytopathogenic Fusarium
(FOC F. oxysporum f. sp. ciceri, FOL F. oxysporum f. sp. lycopersici,
FS F. solani, and FU F. udum)

Fig. 4 Exo-chitinase production of T. asperellum UTP-16 under

different experimental conditions

Fig. 5 Antifungal activity of crude exo-chitinase extract of T.
asperellum UTP-16 against F. oxysporum f. sp. Ciceri (FOC), F.
oxysporum f. sp. lycopersici (FOL), F. solani (FS) and F. udum (FU)

at different concentration [A-100%, B-50%, C-culture filtrate extract

of bacteria not showing antagonism, and D-negative control (sterile

water only)]
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extensive studies will be required to develop Trichoderma

plus exo-chitinase based formulations.
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