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Abstract

Single-parameter optimization was carried out for the production of chitinase using a soil isolate belofgidgaderma harzianurm
solid-state fermentation. Maximum chitinase activity (3.18 U/gds) was obtained after 96 h of incubatio€at3én wheat bran moistened
(65.7%) with salt solution was supplemented with colloidal chitin (1%, w/w) and yeast extract (2%, w/w) used as the substrate. The inoculum
contains 4x 10’ spores off. harzianun{TUBF 781). The growth of the fungus on wheat bran particle was visualized by a scanning electron
microscope. Chitinase activity was measured as the amodhaoétyl glucosamine (NAG) liberated fomol/min under reaction conditions.

The crude extract showed antifungal activity against a wide range of fungal strains belongispetgillus RhizopusaandMucor sp., and
was found significant againsispergillus nige(NCIM 563).
© 2003 Elsevier Ltd. All rights reserved.
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1. Introduction residues and for their value addition. SSF is a promising
technology for the development of several bioprocesses
Microbial production of chitinase has captured the world- and products including production of industrial enzymes on
wide attention of both industrial and scientific environments, large-scalg4,5]. Different types of substrates, which con-
not only because of its wide spectrum of applications but tain chitin, have been tried for the production of chitinase,
also for the lacuna of an effective production method. Chiti- which included fungal cell walls, crab and shrimp shells
nases (EC.3.2.1.14) are hydrolytic enzymes responsible for[6—8]. The use offrichodermasp. in SSF for the production
the degradation of chitin, a high molecular weight linear of lytic enzymes such as cellulose and chitinase has tremen-
polymer of N-acetylp-glucosamine N-acetyl-2-amino-2- dous impact for an industrial scale producti®a-11].
deoxyn-glucopyranose) units linked b¥(1- 4)-glucosidic In the present study, the most vital fermentation param-
bond[1]. Chitinolytic enzymes play a key role in biological eters were optimized to monitor the production of extracel-
pest control, in food/feed industry, for producing growth lular chitinase byTrichoderma harzianurfUBF 781 under
factors, sweeteners, single-cell protein, etc. and finally for solid-state fermentation using wheat bran as the substrate.
degrading the chitin rich waste materig®§. The complete ~ The antifungal activity of the crude chitinase was also
enzymic hydrolysis of chitin to fred-acetylp-glucosamine  tested.
is performed by a chitinolytic system comprising exochiti-
nase, endochitinase and chitobi3p
Solid-state fermentation (SSF) has emerged as an appro2- Materials and methods

priate technology for the management of agro-industrial 2.1. Micro-organism and inoculum preparation
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potato-dextrose agar (PDA) medium and subcultured everyenzyme blanks. Colloidal chitin was prepared by the modi-
fortnightly. Slants were incubated for 8 days at°8and fied method of Roberts and Selitrenkfifb]. One unit (U) of
stored at 4C. The spores of a fully sporulated slant were the chitinase activity is defined as the amount of enzyme that
dispersed in 10 ml of 0.1% Tween 80 solution by dislodg- is required to releasedmol of N-acetyl3-p-glucosamine

ing them with a sterile loop under aseptic conditions. The per minute from 0.5% of dry colloidal chitin solution under
spore suspension obtained was used as the inoculum. Viableassay conditions.

spores present in the suspension were determined by serial

dilution followed by plate count. 2.6. Scanning electron microscopy

2.2. Substrate preparation for SSF Growth of T. harzianunon wheat bran particles was char-
acterized using an electron microscope (JEOL JSM 5600LV,

Five grams of dry wheat bran having both coarse and Japan). The fermented sample (72 h) was adequately dried

fine particles in 1:1 ratio (w/w) contained in a 250 ml Er- and mounted on a brass stud followed by a mild gold coat-

lenmeyer flask and was supplemented with 2 ml salt solu- ing (100 A) and was subjected to electron microscopy at an

tion containing 0.5% NBNO3, 0.2% KHPQy, 0.1% NacCl, accelerating voltage of 10 kV.

0.1% MgSQ-7H20. The initial moisture level in the sub-

strate was adjusted by adding adequate amount of distilled2.7. Optimization of process parameters

water. The thoroughly mixed substrate was autoclaved for

20min at 12PC (151b) and cooled to room temperature The wheat bran based medium was used to carry out

before inoculation. various single-parameter optimization studies for maximum
chitinase yield in solid-state fermentation. It included incu-
2.3. Solid-state fermentation bation time (0-168 h), incubation temperature (25>@h

initial moisture content of the substrate (61-74%), inoculum
Under aseptic conditions, the sterilized solid substrate size (1-6x 10’ spores), initial pH, effect of supplementa-
medium was inoculated with 1 ml fungal spore inoculum. tion substrate with various chitin containing carbon sources
Unless otherwise mentioned, the spore suspension containeduch as chitin powder, chitin flakes, colloidal chitin (1%,
2 x 107 spores/ml. The contents were mixed thoroughly and w/w) and additional nitrogen sources such as peptone, yeast
the flasks were placed in an incubator at’@0for desired extract, corn steep liquor, urea, ammonium chloride and am-

time intervals. All the sets were prepared in duplicate. monium sulphate (1%, w/w). For each parameter optimiza-
tion, three sets of independent experiments were carried out
2.4. Enzyme extraction and the average values are reported.

To the fermented substrate an adequate amount of dis-2.8. Antifungal activity
tilled water containing 0.1% Tween 80 was added to get a
total extraction volume of 100 ml. The contents were thor- A 96 h old culture ofT. harzianunwas used for the prepa-
oughly mixed by keeping the flasks on a rotary shaker at ration of a crude extract. It was prepared as described and
150 rotations per minute for 30 min. The mixture was cen- filtered through a 0.am sterile membrane. This crude ex-
trifuged at 9000 rotations per minute for 10 min &Ct The tract was tested for inhibitory activity against the growth

supernatant was collected and used for enzyme assay. of fungal strainsA. niger, A. ficuum A. oryzae Rhizopus
oligosporusandMucor racemosusAntifungal activity was
2.5. Chitinase assay observed directly on Petri plates of PDA medium where the

test organism was plated together with p00f the prepared
Chitinase activity was determined by a dinitrosalicylic extract. The growth of the particular test fungi on plates with

acid (DNS) method12]. This method works on the concen- and without the crude chitinase extract was compared.
tration ofN-acetyl glucosamine (NAG), which is released as
aresult of enzymic actiofi3,14] The 2 ml reaction mixture
contained 0.5 ml of 0.5% colloidal chitin in phosphate buffer 3. Results and discussion
(pH 5.5), 0.5 ml crude enzyme extract and 1 ml distilled wa-
ter. The well vortexed mixture was incubated in a water bath  The approach of single-parameter optimization was em-
shaker at 50C for 1 h. The reaction was arrested by the ad- ployed to optimize various process parameters.
dition of 3ml DNS reagent followed by heating at 10D
for 10 min with 40% Rochelle’s salt solution. The coloured 3.1. Optimization of incubation time
solution was centrifuged at 10,000 rotations per minute for
5min and the absorption of the appropriately diluted test Wheat bran (5g) was supplemented with colloidal chitin
sample was measured at 530 nm using UV spectrophotome{1% dry) and inoculated with 1 ml of spore suspensio (2
ter (UV-160 A, Shimadzu, Japan) along with substrate and 10’ spores/ml). SSF was carried out with the initial moisture
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& 1 could no longer balance its steady growth with the availabil-
T . .

S 08 - ity of nutrient resources.

>

z %0 3.2. Optimization of inoculum size

S 0.4

é 0.2 4 The spore suspension made from a PDA slant contained
g 0 2 x 10’ spores/ml. SSF was carried out using various vol-

umes (0.5-3 ml) of the suspension as inoculum. The initial
moisture of the substrate was 68%. Incubation was carried
out for 96 h at 30C. As shown irFig. 2, the maximum chiti-

Fig. 1. Effect of incubation time on chitinase production. nase production (1.26 U/gds) was noted when an inoculum

size of 2ml (4x 10’ spores) was used. It was the size of the

content of 68% and incubation temperature of G0Flasks inoculum, that determines total biomass production on the
were removed every 24h and the enzyme extraction wassolid medium[5]. An increase in the number of spores in
done as described earlier. The enzyme production showedthe inoculum would ensure a rapid proliferation and biomass
growth relatedness as the incubation period progressed angynthesis. However, after a certain limit, the competition for
maximum enzyme production (0.90 U/gds) was observed af- the nutrients resulted in the decreased metabolic activity of
ter 96 h Fig. 1). Growth rate and enzyme production pat- the organism. With optimum inoculum size for the enzyme
tern were generally dependent on the duration of incubation. production, there is a balance between proliferating biomass
After 96 h, the production started to decrease as the growthand availability of nutrients that supports production of en-
of the organism might have reached a stage, from which it zyme.
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Fig. 2. Effect of inoculum size on chitinase production.
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Fig. 3. Effect of temperature on chitinase production.
3.3. Optimization of incubation temperature (Fig. 4. The enzyme yield was lower when the substrate

moisture was higher or lower than this level. The decrease
SSF was carried out at different incubation temperaturesin the enzyme activity with increase in substrate mois-

ranging from 25 to 45C. The initial moisture content was ture might be attributed to the phenomenon of flooding
maintained at 68% and spore concentration of the inocu- of interparticle space of the substrate. A higher than opti-
lum was 4x 10" spores. Samples were extracted after 96 h mum moisture level causes decreased porosity, alteration in
of fermentation. The organism exhibited a better growth as wheat bran particle structure, lowers oxygen transfer and
well as enzyme production at 3C and it was 1.32U/gds  enhanced formation of aerial myce[s8,19] Fungi would
as shown inFig. 3. The significance of temperature in de- prefer unbound moisture for survival in such a way that it
velopment of biological process is such that it could deter- may not hamper with its metabolic pathways. Similarly, a
mine the effects of protein denaturation, enzyme inhibition, moisture level lower than optimum leads to higher water
promotion or suppression of the production of a particular tension, lower degree of swelling and reduced solubility of
metabolite, cell viability and deafli6]. In SSF, during fer- the nutrients of the solid substrate. A related criterion with
mentation there is a general increase in the temperature otthis is the water activity of the medium, which is considered
the fermenting mass due to respiratid]. Heat built-up as the fundamental parameter for mass transfer of water
is in fact a drawback in SSF system. However, problems and isolates across the cell membrane. When water is made
of heat and mass transfers are generally severe during thevailable in a lower or higher quantity than that is optimally
scale-up of SSF. In present study using flasks, no such dif-required, the productivity of the process is significantly af-
ficulty was noted. fected. Moisture optimization can be used to regulate and to

modify the metabolic activity of the micro-organig20].
3.4. Optimization of initial moisture content

3.5. Optimization of initial pH of the substrate

SSF was carried out with substrates having different

levels of initial moistures (60—75%). The samples were in-  For these experiments, the pH of the moistening solution
cubated at 30C and extracted after 96 h of fermentation. used were set from 3 to 7 using 1IN HCI/NaOH. Initial
Maximum enzyme activity (2.2 U/gds) was obtained when moisture content was adjusted as 65.7% and incubated in
initial moisture of the substrate was adjusted to 65.7% 30°C for 96 h. However, there was no further increase in
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Fig. 4. Effect of initial moisture on chitinase production.

the enzyme yields when compared with the previous ex- i.e. chitin powder and chitin flakes were not as effective as
periment. Maximum chitinase production was found with colloidal chitin. Due to the colloidal nature, probably it of-
the substrate moistened with a solution having pH 4.5 fered ease to the fungal culture to metabolize it. According
(2.12 U/gds). However, there was little significant difference to previous studies, SSF with 1% colloidal chitin by cer-
in enzyme production with the other pH (all data not shown). tain species of mould showed high chitinase actiyR{]

In view of the reports that generally the agro-industrial and certain bacterial species showed an increase in chitinase
residues possess excellent buffering capddi6} and that production on the addition of colloidal chitii22].

their use offers advantage for SSF processes, the pH of the

substrates prepared with moistening solutions having differ- 3 7. Effect of supplementation of various nitrogen sources
ent pH were examined. After autoclaving, the initial pH of

all the substrate remained similar. This indicates that there  aAmong the various nitrogen supplementation tried
was no need to change/adjust the pH of the wheat bran(rig_ ), addition of yeast extract resulted in a slight increase
based medium. However, the pH of the medium strongly

affects the growth and activity of the micro-organisms. Gen-

erally, microbial enzymes are produced in higher yield at a -
pH near to the maximal for enzyme activity. Fungal strains £ 25
are noted for their best performance in the range of 3.5-6 87 2
and low pH avoids contamination by other microths]. %g’ 151
g2
. . = 1

3.6. Effect of different sources of chitin 5

0.51

SSF was carried out with different sources of chitin con- 0

taining carbon sources (1%, dry weight basis). Chitinase pro- Control Chig” chitin flakes C‘)ﬁda'
duction was at best (2.24 U/gds) when colloidal chitin was powaer eniin
used as the source materigld. 5. The other supplements, Fig. 5. Effect of various chitin sources on enzyme production.
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Fig. 6. Effect of various nitrogen sources on the production of chitinas€. lyarzianumTUBF 781.

in chitinase production (2.46 U/gds) compared to the con-

trol. This could be due to the presence of chitin in it or some é 3.75 |

other growth factor, which might have stimulated enzyme 2 5

production. There are reports on the favourable influence of g 225 | ’_/__,/’\‘
supplementation of fermentation medium with yeast extract. '§ ’

For exampleS. cinereorubeproduced maximum chitinase o 157

activity on a medium containing 0.5%. niger cell wall & 075

and 0.5% yeast extrag¢6]. Suresh and Chandrasekharan g 0

[23] also reported enhancement in the enzyme yield when o o5 1
the production medium was supplemented with phosphate
and yeast extract.

15 2 25 3
Conc.of yeast extract (%W/W)

Fig. 7. Effect of yeast extract on chitinase production.

3.8. Effect of different concentrations of yeast extract

SRR e SNNNR
Since supplementation of yeast extract stimulated chiti- b AN L P @ it

R | -

nase production, attempts were made to determine the suit--"".:.ﬂ:'- R \' X
able concentration of yeast extract for maximum enzyme ) -
synthesis by the fungal culture. For this, SSF was carried
out with different concentrations of yeast extract supplemen-
tation ranging from 0.25 to 2.5% (w/w). Enzyme activity
showed a related increase with the yeast extract concentra-;
tion and was maximum (3.18 U/gds) as it shownrFig. 7

with the addition of 2.0% yeast extract.

S—

3.9. Scanning electron microscopy (SEM)

b~ N
I
Visual observation of the growing culture showed that Y
T. harzianumgrew very well on wheat bran particles and
formed a thick growth in 72h of incubatiofrig. 8 shows Fig. 8. SEM photograph showing the growth BfharzianumTUBF 781
the SEM of this sample, which showed a mat like knitted on wheat bran particles (72 h).

X588 S58um 3691 RRL SEM
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standardizations of suitable process parameters for its pro-
duction, the method of estimation and biochemical charac-
terization will make them more useful in a variety of process
in near future.
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