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Abstract: In the present work, gluco-amylase was produced by A. niger and T. viride, which are considered
to be the best producers of extracellular enzymes. A comparison was made and it was found that T. viride
produces as much as 85.44% more gluco-amylase as that from A. niger. Five different types of combinations
of both the strains revealed that all the combinations have antagonistic effect and thus, the enzyme production
is highly decreased. T. viride was further optimized for enhanced production and about 81.84% increased in
gluco-amylaseproduction was observed when sweet potato starch was used as carbon source. No enhancement
in production was taken place by replacing ammonium sulphate with any other nitrogen source. The crude
enzyme from T. viride was fractionated by ethyl alcohol and ammonium sulphate and reaction buffer pH and
temperature for optimum enzyme activity were also investigated.
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INTRODUCTION

Starch molecules are glucose polymers linked
together by α-1, 4 (amylose) andα-1, 6 glucosidic bonds
(amylopectin), as opposed to the β-1, 4 glucosidic bonds
in cellulose[16,12]. Amylose is relatively low in molecular
weight, water soluble and shares 20-30% of starch
molecule. Amylopectin, in contrast is relatively high in
molecular weight, water insoluble and makes up to
70-80% of starch.

Three different enzymes catalyze most steps in the
degradation of starch to glucose, although still other
enzymes are needed to complete the process. The first
three enzymes include α-amylase, β-amylase and starch
phosphorylase[13]. On the basis of their mode of action,
these amylolytic enzymesare divided into endo-amylases
and exo-amylases. Gluco-amylase is a type of endo-
amylases, which hydrolyzes internal a-1, 4 linkages
between glucose units in the starch polymer[5,12].

Microorganisms like fungi and bacteria have been
extensively used for gluco-amylase production[8,10] . To
culture the fungal strains, the sub-merged fermentation
technique is usuallypreferable to solid-state culture[1,11] as
it allows better supplementation of micro and
macronutrients, which may affect their growth and
ultimately higher rates of product formation.

MATERIALS AND METHODS

Organisms: Strains of Aspergillus niger MSK-7 and
Trichoderma viride MSK-10 producing extracellular
gluco-amylase were obtained from the stock cultures of

Institute of Industrial Biotechnology GC University,
Lahore. These strainswere maintained on potato dextrose
agar medium.

Scheme of consortia: Consortia of A. niger and T. viride
were designed by mixing both the strains with zero time
interval (A. niger + T. viride), with 24 hours interval
(24 A. niger + T. viride and 24 T. viride + A. niger) and
with 48 h interval (48 A. niger + T. viride and 48
T. viride + A. niger).

Production of enzyme concentrate: The ability of the
fungal strains for the production of gluco-amylase was
tested under sub-merged fermentation conditions using
wheat bran as sole carbon source in 250 ml Erlenmeyer
conical flasks on a shaking incubator (200 rpm) at 30°C.
The strains were given with basic minerals in the form of
Mandelsand Reese[14] salts medium (Table 01) with 1:100
(w/v) ratio. Vegetative inoculum (1.5%) of the strains

Table 1: Composition of Mandels and Reese (1959) medium
Ingredients Concentration (g/l)
(NH4)2SO4 1.4
KH2PO 4 2.0
Urea 0.3
MgSO4.7H2O 0.3
ZnSO4 .7H2O 0.0014
FeSO4.7H2O 0.005
MnSO4 0.0016
CoCl2 0.002
CaCl2.2H2O 0.002
Tween-80 2.0 ml
Poly-peptone 1.0
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(18 h fresh growing mycelia) was used to carry out the
fermentationprocess. After the completion of incubation
period, thefermented broth was centrifuged at 8,000×g to
removethe suspended particles, spores and myceliaof the
strains. The supernatant was used for analysis and for the
processing of partial purification of gluco-amylase.

Enzymefractionation: Ethyl alcohol (previously chilled
to -20°C) was added in the supernatant dropwise with
2 h continuous stirring to a final concentration of 60%.
The temperature was maintained at 4°C throughout the
stirring period. The solution was then left at -20°C for
4 h. The proteins in the crude preparation were also
precipitated by the addition of solid ammonium sulphate
to 55% (w/v)saturation. Proteinprecipitateswere allowed
to form at 4°C for 2 hours while stirring. The resultant
precipitates [ethyl alcoholand (NH4)2SO4)] werecollected
from the solutionsby centrifugation at 15,000×g in a cold
centrifuge at 4°C for 20 min and were dissolved in 5.0 ml
of sodium phosphate buffer (50 mM, pH 5.0) containing
5 mM EDTA. The solution was then dialyzed against the
same buffer in a dialysis membraneof 15,000 cut off size,
while continuous stirring for 24 h. Enzyme activation
parameters like pH of the buffer and incubation
temperature of the enzyme action were also determined
after dialysis.

Bioassay: The enzyme activity was measured using
Leitner’s soluble starch as substrate by following the
method of Rick and Stegbauer[17]. The reducing sugars
releasing as a result of enzyme action were estimated
usingdinitrosalicylic acid reagent afterMiller[15]. One unit
of gluco-amylase was defined as “the amount of enzyme
that liberates one micro mole of reducing sugar from
Lintner’s soluble starch in one minute under specified
conditions.”

Protein estimation: Extracellular proteins in the
fermented broth were determined by the method as
described byBradford[4]. Bovineserum albumin was used
as standard protein for the calculation of actual amountof
extracellular proteins in the sample.

Statistical analysis: Duncan’s multiple range tests in the
form of probability <p> values were used to find out the
significance difference among replicates. Treatment
effects were compared after Snedecor and Cochrane [18]

using computer software Costat, 3.03 Berkeley, CA
94701.

RESULTS AND DISCUSSIONS

Rate of gluco-amylase production from A. niger and
T. viride: A. niger and T. viride are the best source of
extracellular enzymes including gluco-amylase[5,19] . In
order to investigate either A. niger or T. viride excretes
higher titer of gluco-amylase in their culture filtrates, an

Fig. 1: Rate of gluco-amylase production by A. Niger

Fig. 2: Rate of gluco-amulase procuction by T. Viride

Fig. 3: Rate of gluco-amylase production by A. niger
and T. Viride

experimentwas designed. In this experiment, A. niger and
T. viride were grown under sub-merged fermentation
conditions in the presence of wheat bran for seven days
(Fig. 01 & 02). Mandels and Reese mineral salts medium
was used for the supplementation of micro and
macronutrients. A. niger gave maximum production of
gluco-amylase after three days of inoculation which was
0.87 U/ml/min, while T. viride gave its peak production
on the 4th day of incubation with 1.55 U/ml/min. These
results illustrate that gluco-amylase bio-synthesis takes
place at log phase of these strains. After and before this
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Fig. 4: Rate of gluco-amylase production by 24 A. Niger + T. Viride, 24 T. Viride + A. Nigerm 48 A. Niger
+ T. Viride and 48 T. Viride + A. Niger consorita

phase, enzyme titer in the culture broth is negligible.
However,T. viride overall is the best organismfor gluco-
amylase bio-synthesis[6].

Rate of gluco-amylase production from consortia of
A. niger and T. viride: In the second part of this
experiment, A. niger and T. viride were grown together
for seven days bydesigning their differenttime dependent
consortia. The aim was to study the mutualistic effect of
both the strains for enhanced production of gluco-
amylase. A loss of 22.20, 62.21, 37.82, 62.61 and 40%
was observed in combinations A + T, 24 A + T, 24 T + A,
48 A + T and 48 T + A, respectively (Figure 03 & 04).
Thus, all the combinations were proved to be
insignificant. It might be due to that both the strains
produce some kinds of toxins having antagonistic effect
on the neighboring fungi. Due to this, the first coming
fungi have a golden chance to establish well and produce
more and more toxins. Hence, the environment was not
suitable for the incoming fungi to grow well[7,3]. So,
T.viride in its pure inoculum is the organism of choice for
gluco-amylase bio-production.

Optimization of cultural conditions for T. viride: The
optimizationof cultural conditions is very essential for the
enhanced production of gluco-amylase[9]. Gluco-amylase

Fig. 5: Effect of diffrent carbon sources on gluco-
amylase production by T. Viride

is an inducible enzyme, the production of which is greatly
influencedby the nature and kind of carbon sources[16]. In
this context, T. viride was grown for the extraction of
maximum gluco-amylase by using different carbon
sources like wheatbran, potato starch, rice bran and sweet
potato starch. The results obtained are coded in the
Fig. 05, which suggest that when rice bran was used as a
carbon source, the production of enzyme was more or
less equal to that from wheat bran. On the other hand,
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Fig. 6: Effect of diffrent inorganic nitrogen aources on
gluco-amylase production by T. Viride

Fig. 7: Precipition of gluco-amylase protein produced
by T. Viride

gluco-amylase bio-synthesis was greatly influenced by
starch. Out of the two different starches, sweet potato
starch was proved to be excellent inducer for gluco-
amylase bio-synthesis, 4 days after inoculation with
12.67 U/ml/min.

In the present investigations, the effect of various
inorganic nitrogen sources on the production of gluco-
amylase was also studied (Fig. 06). A total of four
inorganic nitrogensources were analyzed;namelysodium
nitrate, potassium nitrate, ammonium nitrate and
ammonium sulphate (control). Among all these,
ammonium sulphate was found to be the most promising
one which was already present in the Mandels and Reese
mineral salts medium. A decrease of 40.33, 62.43 and
34.17% was observed, when ammonium sulphate was
replaced by sodium nitrate, potassium nitrate and
ammonium nitrate, respectively. The reason to this may
be the inability of T. viride to utilize the nitrogen sources
other than ammonium sulphate.

Gluco-amylase fractionation: The results of the gluco-
amylase fractionation from T. viride are summarized in
figure 07. Ethyl alcohol and ammonium sulphate
precipitation gave purification fold about 2.96 and 4.25,

Fig. 8: Effect of activation temperature on the gluco-
mylase activity produced by T. Viride, which
was dialyzed after ammonium sulphate
precipitation

respectively with 5.14 and 5.28 U/mg specific activity,
indicating that T. viride is an over producer of gluco-
amylase. These results also clearly show that ammonium
sulphate is a good choice than ethyl alcohol. The reason
is that it is an inorganic salt of high saturation ability.
Furthermore, it salted out the enzyme protein without
changing its configuration. On the other hand, ethyl
alcohol is an organic solvent and may cause a damage to
the three dimensional structure of the protein. Hence,
purification fold from ethyl alcohol is much less and a
large part of the protein is either lost or damaged during
precipitation process. So, that’swhy, ammoniumsulphate
is found to be a good precipitator. Precipitates from
ammoniumsulphatewere dialyzed against 50mM sodium
phosphate buffer (pH 5.0) with constant stirring for 24 h.
Afterdialysis, only 2.35% loss in thefold purification was
observed, indicating that the enzyme is highly stable at
room temperature for 24 hours after the addition of 5 mM
EDTA.

Optimization: Enzymes are very sensitive to
temperature, as these become deshaped on the approach
of high temperatures. As a result, substrate specificity of
the enzyme decreases, which ultimately affects the
enzyme activity[20]. The gluco-amylase activity after
dialysis was also studied by changing reaction
temperature from 10°C-100°C (Fig. 08). It was found that
enzyme activity was increased with the increase in
temperature and reached maximum at 50°C. Further
increase in temperature resulted in the decreased activity.
It is in agreement with the findings of Yuxing et al.[20].

The pH of the reaction buffer plays a very important
role in the activity of an enzyme. Some enzymes activate
in the presence of acidic environment, while some others
in basic, depending upontheir natureand origin. It can be
due to the variation in the structure of proteins as most of
amino acids are very sensitive to the change in pH
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Fig. 9: Effect of reaction buffer pH onthe gluco-mylase
activity produced by T. Viride, which was
dialyzed after ammonium sulphate precipitation

value[2]. Gluco-amylase activity was observed by
changing the different pH values of the reaction buffer
ranging from 3.0-8.5 (Fig. 09). Data coded in the figure
indicates that the enzyme become active more and more
with increase in the acidity of the buffer (from 3.0 to 4.0)
and reached at its maximum at pH 4.5-5.0. After which,
there was a continuous decrease in the enzyme activity
towards alkalinity. It is because that all the fungal
enzymes are acidic proteins and show their maximum
activity under acidic conditions.

Conclusion: The culture filtrates of T. viride shows an
85.44% better gluco-amylase production as compared to
A. niger under the same environmental cultural
conditions. Both A. niger and T. viride have antagonistic
effect oneach other.The gluco-amylase production ability
of T. viride can be increased further by optimizing the
cultural conditions. An enhancement of 81.84% was
achieved by replacing wheat bran with sweet potato
starch. Ammonium sulphate is a good choice for
precipitating the enzyme protein obtained from the crude
preparation of T. viride as compared with ethyl alcohol.
Both the reaction pH and temperature affect the enzyme
activity by changing either its configuration or substrate
specificity.
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