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Glucoamylase has an essential role as biocatalyst in various important industries of Pakistan. It is synthesized by using various
fungal and bacterial strains, and different ecocultural conditions are applied under solid substrate fermentation method (SSF)
to get the highest yield of glucoamylase. Alternaria alternata is an important fungus that can grow on industrial raw material
like wheat bran, dried potato powder, tea leaves, rice husk, and sugar cane peel which are used as substrate. Among all, dried
potato powder (10g) proved the best fermentation media for growth of fungal strain as well as maximum glucoamylase
producer. Moreover, several chemical and physical states were also explored through solid substrate fermentation technique on
glucoamylase yield. The highest glucoamylase production was recorded after 72 hours incubation in incubation chamber with
10g raw substrate, 1ml inoculum spore solution, 30°C temperature, and 5 pH. Further, phosphate buffer (5 pH) as moistening
agent, 5% starch concentration and media additive as nitrogen (yeast extract), and carbon source (maltose) were screened for
maximum glucoamylase titer (17:3 ± 0:05a°U/ml/min) and the highest specific activity (39.2U/mg). These cultural conditions
were most appropriate for growth of A. alternata on solid media and production of highest glucoamylase under solid state
fermentation procedure that could be utilized for commercial synthesis of glucoamylase.

1. Introduction

Enzymes are globular proteins that are used to speed up the
various biochemical reactions. All the metabolic reactions
are catalyzed due to the presence of enzymes in the body.
There are a lot of enzymes that have attributes at industrial
levels, such as in paper sizing, fabric, pharmaceutical, soap,
and fermentation industry. Glucoamylase (α-1,4-glucan
glucohydrolase, amyloglucosidase, EC 3.2.1.3) as a catalyst
is used in food industry, textile industry, and detergent

industry to mediate the industrial process without being
used in the whole practice [1]. Glucoamylase has the ability
to convert starch into the end product of β-D-glucose by
breaking 1-4 glycosidic or 1-6 glycosidic linkages from
non-reducing ends of oligo and polysaccharides chains. This
multidomain glycoprotein comprises of about 640 amino
acids. The larger catalytic domain (CD), that is, the N-
terminal part of the enzyme, contains 1-470 amino acids
while the starch binding domain, that is, C-terminal part,
having 509-640 amino acids. Both domains of glucoamylase
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are linked by a linker region that has 471-508 amino acids.
There is a cleft in starch binding domain where the substrate
is strongly attached, but this domain has no role in the
catalytic activity of glucoamylase. The catalytic domain
catalyzes the breakdown of α-1, 4-, and α-1, 6-glycosidic
linkages of the substrate to produce free glucose residues.
The linker region also has no role in the catalytic activity
of the glucoamylase, but it provides the structural integrity
to the enzyme [2].

The sources of glucoamylase are animals, plants, and
microorganisms [3]. Microbes like yeast, bacteria, and fungi
are the cheapest source to produce glucoamylase [4]. The
process is called microbial hydrolysis, and it is carried out
on industrial wastes by these microbes. The microbes are
also used to break down the by-products of agriculture for
the manufacturing of many compounds such as hormones,
various enzymes, and organic acids [5]. Now, industrial
biotechnology focuses on various fungal sources include
Aspergillus awamori, Rhizopus delmar, A. oryza, A. niger,
Neurospora, and Mucor rouxians for glucoamylase pro-
duction [6].

The substrate of fungus A. alternata may be plants, soils,
and food items. A. alternata has many catalytic activities in
various industries for the manufacturing of different kinds
of end products. Many enzymes are being produced on
industrial scale due to their high demands. Similarly, solid
substrate fermentation mechanism has been used for
enzyme production. The growth of microbes on solid
material in presence of excess water is called submerged
fermentation, and microbial growth on moist solid stuff
without excess water is called solid substrate mechanism.
Almost all type of enzyme production can be obtained by
solid state fermentation, and it is an advantage over the sub-
merged fermentation due to its easy and less expensive
methodology [7].

Solid state mechanism can be used for the synthesis of
many enzymes on large industrial scale at very low cost.
Different solid media as rice bran, potato starch granules,
bagasse powder, wheat bran, and tea waste is used through
the solid state fermentation [8]. For maximum glucoamylase
synthesis, a variety of substrates are used. After screening of
substrate, optimum conditions such as substrate concentra-
tion, inoculum level, and optimum incubation period are
applied to attain maximum glucoamylase production. Opti-
mum pH and temperature are another essential factor to get
maximum glucoamylase synthesis. Similarly, buffers and
distilled water are important moistening agents, which are
used for maximum synthesis of glucoamylase [9]. Various
other factors are also used to enhance the production of glu-
coamylase. These factors include optimization of additional
media as carbon sources and various nitrogen sources. These
all are being studied as essential requirements to enhance the
rate of glucoamylase [10].

The most important role of glucoamylase is the break-
down of starch into small units of glucose. The glucose is
used at industrial scale such as in food industries and
beverage industry. It also plays a key role as an important
substrate in the process of fermentation and used for the
growth of microbial strains. As glucoamylase is an essential

industrial enzymes, so various microorganisms involved in
production of glucoamylase are under investigation. Many
researches also indicate that fungal and bacterial strains have
the ability to meet the universal needs of metabolites and
enzymes under solid state fermentation than submerged
state fermentation [11]. Due to unfortunate economy of
Pakistan, glucoamylase is being imported from other coun-
tries, which are rich in its production to meet its dire need
and demands. Glucoamylase as biocatalyst is linked to the
production of essential industrial products, so it is important
to optimize conditions for its production. The production of
glucoamylase from waste material could be a novel approach
for its synthesis and utilization.

2. Materials and Methods

2.1. Isolation and Maintenance of Cultural Strain. Fungal
culture was obtained from rotten tomato and maintained
in the Mycology and Biotechnology Laboratory, GCU
Faisalabad on 10ml autoclaved potato dextrose agar media
(potato infusion 200ml, 20 g dextrose, and 20 g Agar). The
experiment was repeated for purification of fungi [12]. The
isolated fungal culture was named by using a code MBL-T,
where MBL represents the Mycology and Biotechnology
Laboratory and T represenst Tomato, as the strains were
isolated from tomato.

2.2. Identification of Fungal Strain. Fungal culture was
examined by carrying the fungal hyphae on sterilized glass
slide containing Lactophenol cotton blue in 70% alcohol.
The prepared slide was examined under the microscope
(LABOMED Model: Lx 400) with camera (LABOMED,
iVu 1500). Morphological data of fungal mycelium and
reproductive structure was obtained by using different lens
(10X, 40X, etc.). Identification was done by using standard
literature and web sources as MycoBank. Different fungal
attributes were studied for cultural strain identification like
shape and color of conidiophores, fungus colony, sporangia,
conidia as well as hyphal morphology, etc.

2.3. Mechanism of Fermentation. For biosynthesis of glucoa-
mylase, a measuring flask of 250ml was used which has
moisture of about 9ml and substrate of about 10 g. Flasks
were cooled after sterilization at 121°C and 15 pressure for
2 hours. Spore suspension of 1ml (4:42 × 10−7 spores) was
added in all flasks containing raw substrate (10 g dried
potato powder) under aseptic condition [13]. The flasks
were placed in an incubator for 72 hours at 30°C.This exper-
iment was performed in triplicate [14].

2.4. Enzyme Extraction. For enzyme extraction, after 72
hours fermentation, 100ml of distilled water was added,
and mixture was kept in rotary shaker for an hour at 30°C
and 150 rpm. After that, it was filtered through Whatman fil-
ter paper No.1 and transferred to 250ml flasks. The filtrate
was used to estimate the activity of glucoamylase [15].

2.5. Glucoamylase Assay. All test tubes containing 1ml
enzyme extract and 1ml of 5% starch solution were kept in
water bath for one hour at 60°C. The test tubes were cooled
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after adding 2ml of DNS reagent. After cooling, all these
tubes were placed in boiling water for 5 minutes to stop
the reaction. Test tubes were cooled at room temperature.
For dilution, distilled water of 16ml was poured in each
tube. The absorbance was measured by spectrophotometer
at 546nm absorbance. Experimental and control value was
measured. Glucoamylase units and glucoamylase activity
were done by subtracting the control value from experimen-
tal value [16].

2.5.1. Glucoamylase Unit. Enzyme assay is a condition in
which 1 unit is the quantity of enzyme that releases 1 micro-
mole glucose. by consumption of substrate per min per
mL [15].

2.5.2. Glucoamylase Activity. The glucoamylase activity was
obtained by applying the formula, which is given below [9].

Glucoamylase activity U/mL/minð Þ = Glucose obtained
180 × 60

× 1000:
ð1Þ

2.6. Assay for Protein Analysis. For protein determination,
1ml enzyme extract and 5ml Bradford solution were poured
in each trial tube. After 10 minutes, 9ml distilled water was
flowed in each experimental tube. Then, absorbance was
evaluated at 595nm from the standard curve of BSA, and a
relationship was derived to determine the protein. By the
use of same amount of distilled water, control solution was
also estimated in the other test tube, and then it was
deducted from the experimental determinations [14].

2.6.1. Specific Activity. Specific activity was measured by
using formula.

Specific Activity
U
mg

� �
=

Activity of Enzyme
Total Protein mg/mLð Þ : ð2Þ

2.7. Ecocultural Environment for Maximum Enzyme Yield.
Various cultural conditions were studied to optimize the
production of glucoamylase from A. alternata by using the
solid media as substrate.

2.7.1. Substrates Used. Dried potato powder, used tea leaves,
rice brain, wheat bran, and sugarcane peel were used as
substrate to optimize the glucoamylase yield [17].

2.7.2. Different Weight of Substrate. Different concentrations
of optimized substrates like 5 g, 10 g, 20 g, and 25 g (w/v)
were examined for optimization of the production of glucoa-
mylase. These concentrations of screened substrates were
taken in sterilized flask of 250ml, and after 72 hours,
enzyme activity was determined as reported by [18].

2.7.3. Incubation Time. The incubation period of 24 hours,
48 hours, 72 hours, 96 hours, and 120 hours was used
to attain the maximum production of glucoamylase under
previous optimized cultural conditions [19].

2.7.4. Optimization of Spore Suspension. To study the highest
yield of glucoamylase different inoculum levels, such as 1ml,
1.5ml, 2ml, 2.5ml, and 5ml, with different amount of spore
size was optimized [13].

2.7.5. Optimization of Incubation Temperature. To enhance
the glucoamylase value, a range of incubation temperatures
like 20°C, 30°C, 40°C, 50°C, and 60°C was optimized under
former optimized conditions for fungal growth and enzyme
production [9].

2.7.6. pH Range Optimization. For highest production of
glucoamylase, optimum pH range is required. For this pur-
pose, screened solid media was taken in Erlenmeyer flask
of 250ml under former optimized culture conditions, and
then, it was suspended in the buffers of aqueous solution
of different pH like 3, 4, 5, 6, and 7 [20].

2.7.7. Optimization of Starch Concentration. Different con-
centrations of starch such as 2ml, 3ml, 4ml, 5ml, and
6ml [21] were used to study the increase in glucoamylase
production.

2.7.8. Moisture Level Optimization. Phosphate buffer, acetate
buffer, tap water, distilled water, and mineral water are some
moistening agents. These moistening agents with pH5 were
used to record the increase in production of glucoamy-
lase [22].

2.7.9. Optimization of Various Media Additives. Urea, yeast
extract, trypton, soya bean, meal, and NH4NO3 are some
nitrogen sources, and glucose, maltose, galactose, lactose,
and sucrose are various carbon sources. These all were
applied to solid medium as additional media additives to
increase the glucoamylase titer in preoptimized condi-
tions [22].

2.8. Statistical Analysis. The data was analyzed by using the
computer software cohort costat. All experiment was con-
ducted in triplicate, and average value of enzyme activity
was reported. Duncan’s multiple range test (DMRT) was
applied under one way Anova. Minitab software was used
for the principle component analysis (PCA).

3. Results and Discussion

3.1. Identification of Fungal Strain as Alternaria Alternata
(MBL-T). In this study, the identification of glucoamylase
producing fungal strain was done by using related internet
sources as MycoBank, standard literature, and monographs
that based on its morphological study and cultural attributes.
According to this study, the isolated fungal strain showed
black to greyish color with dark brown conidiophores that
contain asexual conidiospores (conidia) that exhibited the
resemblance with Alternaria alternata that was codified as
MBL-T.

3.2. Effect of Various Solid Substrates. For industrial econ-
omy, glucoamylase is a commercial enzyme that is obtained
from diverse fungal sources. A. alternata (MBL-T) is the
vital and cheapest microbial source of glucoamylase. The
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effects of many physical and chemical factors were examined
under solid substrate fermentation to get maximum glucoa-
mylase yield by using A. alternata (Figure 1). Rice bran, tea
waste, sugarcane peel, dried potato powder, and wheat bran
were used as fermentation media [17]. These agroindustrial
substances were used as raw material to grow the fungal
strain for highest production of glucoamylase. Dried potato
powders (specific activity 32.7U/mg and glucoamylase activ-
ity 14:1 ± 0:19a U/ml/min) were screened among all other
substrates for the better glucoamylase yield. Potato culture
media proved to be the best substrate for glucoamylase pro-
duction for the growth of Rhizopus oryzae. So, the results
revealed that the use of potato as diffusion juices with agar
and sugar or with wheat bran was applied in biotechnology
field for the growth of various fungal strains [23], but the
maximum yield of glucoamylase by using dried potato
powder as a fermentation media under solid state fermenta-
tion is a novel phenomenon in which Alternaria alternata
was grown on this solid substrate.

3.3. Effect of Different Levels of Substrate and Inoculum. Sim-
ilarly, the media weight such as 5, 10, 15, 20, and 25 g with
1ml (4:42 × 10−7) inoculum level was used, and the solid
media of 10 g (specific activity 34.4U/mg and glucoamylase
activity 14.5± 0.09a U/ml/min) (Figure 2) was screened as
best substrate of fungal growth and enzyme activity due to
availability of sufficient oxygen at this substrate level. Simi-
larly, inoculum level of 0.5, 1, 1.5, 2, and 2.5ml was used
to study the fungal growth and enzyme production with
spore count of 2:21 × 10−7, 4:42 × 10−7, 6:72 × 10−7, 9:27 ×
10−7, and 11:43 × 10−7 spores, respectively, and the 1ml
(4:42 × 10−7 spores) of inoculum level among different
levels of spore suspension showed the maximum specific
activity of 36.0U/mg and glucoamylase units of 15:5 ±
0:09a U/ml/min) (Figure 2) in the presence of selected media
(10 g). In case of substrate concentrations, these results were
parallel with the findings of [4, 24] as the adequate amount of
media was necessary for the maximum enzyme rate. Their
results determined that the very low concentration of sub-
strate is inefficient for growth of fungal strains due to less

available nutrients and surface area for the growth of fungi
and microbial enzymes to act upon it while more substrate
thickness (higher amount of substrate) showed improper
aeration and inadequate agitation that affects the aerobic
conditions for fungal growth and decrease the enzyme
production. Similarly, optimized level of spore suspension
is necessary to get maximum enzyme yield and biomass
production. So, this study revealed that negative correlation
between enzyme production and higher fungal amount and
the study was similar as of [25, 26]. According to this study,
the less amount of inoculum level needs more time for
fermentation procedure as well as the higher level of inocu-
lum will increase the moisture that leads toward the gas
transfer limitations, coagulation of fungal strains, and
increase the competition of fungal strains for growth, nutri-
tion, and metabolic process that ultimately decrease the
enzyme production.

Glucoamylase activity and specific activity on different
level of spore suspension under solid state fermentation are
shown in Figure 3.

3.4. Effect of Incubation Period. Different time period of 24,
48, 72, 96, and 120 hours was studied to determine incuba-
tion interval of the highest glucoamylase yield, and it was
noted that 72 hours’ incubation period (specific activity
U/mg and 14:5 ± 0:05a U/ml/min) was best for further
proceedings (Figure 4). These results are similar to the
findings of [9], as the enzyme production rates vary in differ-
ent microorganisms, and it also depends on media composi-
tion and type. Fermentation rate of 48 to 70 hours was
determined in most of the fungal species such as Saccharo-
myces and Aspergillus species. So, in current study, the
glucoamylase yield declined after the fermentation time of
72 hours due to less amount of media nutrients utilized by
fungal plugs of A. alternata. In short, glucoamylase yield
decreased at less incubation period because of minimum
enzyme activity, and it was also low at the highest fermenta-
tion period because of the formation of products that are
toxic and due to insufficient nutrition [15].
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3.5. Effect of Incubation Temperature. Gradually increasing
temperature of 30°C was optimized for better glucoamylase
production and fungal growth by solid state fermentation
(Figure 5). These results had similarity with the findings of
[22]. They reported that most of the fungal strains give
higher production of enzymes between 30°C to 40°C, and
some have maximum production at 60°C. For the adequate
production of enzyme, optimum temperature is required
because protein structure of enzymes is hydrolyzed, and
enzymes lose its activity at very high temperature due to
formation of heat in experimental media. So, the optimum
temperature for glucoamylase was measured at 30°C to
40°C in previous experiments [22].

3.6. Effect of pH. Similarity, to increase the enzyme value, pH
range of 3 to 7 was also observed under former selected
conditions, and pH of 5 (specific activity 34.6U/mg and
glucoamylase value 15:0 ± 0:09a U/ml/min) was optimized

for maximum glucoamylase yield. This could be related to
the relative stability of glucoamylase at pH5 (Figure 6).
These results were in line with the results of [4] as concen-
tration of pH effect the growth of fungal strains and enzyme
production was more adequate in acidic medium. In short,
change in the pH level of media that is necessary for growth
of fungal strains was directly related to the metabolic activity
of enzyme. Hence, enzymes become inactive at inadequate
pH level. So, the optimum pH is required for the proper
growth of fungi and to get the highest yield of enzyme [4].

3.7. Effect of Moistening Agents. Different moisture levels
such as tap, distilled, and mineral water as well as phosphate
and acetate buffers were also studied to measure the growth
of fungi and its effect on glucoamylase production. All mois-
ture levels were used with pH5 as the substrate for fungal
growth, and enzyme production was optimized at pH5. It
was observed that phosphate buffer with pH5 (35.5 specific
activity U/mg and 14:5 ± 0:10a U/ml/min enzyme activity)
act as best moistening agent (Figure 7). These results were
in parallel of [8]. They revealed that high quantity moisture
level decreased the fungal growth by reduction in porosity of
substrate particles and insufficient oxygen transfer. Similarly,
less or no moisture contents also reduced the fungal growth
and fermentation process. So, the results could be due to the
reason that phosphate buffer with additional media supports
the adequate oxygen, porosity temperature, and aeration to
fermentation media.

3.8. Effect of Starch Concentration. Concentration of starch
as 2%, 3%, 4%, 5%, and 6% was also optimized to get high
titer of glucoamylase by applying the previous screened cul-
tural conditions that was the use of 10 g dried potato powder
with 1ml inoculum level in the presence of phosphate buffer
(pH5) and incubated for 72 hours at 30°C. Starch concentra-
tion (5%) (specific activity 33.6U/mg and enzyme activity
15:5 ± 0:09a U/ml/min) was selected by using A. alternata
in solid fermentation media mechanism (Figure 8). The
results had similarity with the finding of [22] as the yield
of glucoamylase was affected by different concentrations,
and 4% starch gave maximum glucoamylase units from
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Aspergillus fumigats than the lower starch level, and it varied
from organism to organism. So, the results showed that
highest amount of starch concentration was more suitable
for maximum glucoamylase yield than lower value of starch
by A. alternata [22].

3.9. Effect of Nitrogen and Carbon as Substrate Additives.
Glucoamylase has also a remarkable impact on its yield by
applying simple and complex nitrogen and carbon sources
as nutritional media with substrate, which are used by fungal
strain for its growth and production of glucoamylase. The
maximum enzyme production probably depends on micro-
bial demand of C and N availability by adding simple and
complex resources in combination. To increase the produc-
tion of GA, different nutritional media additives were also
optimized like carbon supplies (glucose, galactose, lactose,
sucrose, and maltose) and nitrogen additives (urea, tryptone,
yeast extract, soybean meal, and NH4NO3). Yeast extract
(Figure 9) and maltose (Figure 10) give the highest units
of glucoamylase (specific activity 39.2U/mg and 17:3 ±
0:05a U/ml/min enzyme activity) as the best nutrient rich
media for glucoamylase production and fungal growth.
These results were corresponding to [22]. They described
that different fungal strains have different glucoamylase
production rate with carbon or nitrogen sources. Some
Aspergillus species inhibit enzyme production in presence
of glucose, and some Rhizopus species decrease glucoamylase
yield in presence of fructose. They also reported the yeast
extract and urea as nitrogen source for maximum glucoamy-
lase titer by Rhizopus species. The results revealed that nutri-
ents dependent enzyme as glucoamylase was constrained by
the availability of simple nutrients resources. It was noted
that, the presence of assimilable resources may decrease the
production of glucoamylase due to inadequate growth of
fungal strains. So, the additional media nutrition in even
complex form increased the enzyme production by fulfilling
the growth requirement of Alternaria alternata. The results
of glucoamylase production from maltose and yeast extract
by A. alternata (MBL-T) are a novel approach.

3.10. PCA Analysis. This study evaluated the relationship
between various ecocultural conditions of solid state fermen-
tation and their treatment levels by using principal compo-
nent analysis (PCA). The results were observed in biplot
axes, which showed the interaction between variables and
treatments. The biplot of the two PC’s provided information
regarding the correlation between measured properties/
parameter and variation between five different treatments
in each parameter. It exhibited different parameters associa-
tion, solid substrate, quantity of substrate, inoculum level,
pH, incubation temperature, moistening agents, starch con-
centration, incubation period, and nitrogen and carbon
sources that showed maximum range of variation as well
as the study of interaction between these variables that
influenced by different treatments. The distance between
the locations of any two treatments is directly proportional
to the degree of difference or similarity between them that
is showed by scores on biplot, and the properties/parameters
with curve lines that are close to each other showed the

Glucoamylase activity
Specifc activity

e
b

a

c d

0

4

8

12

16

20

0

10

20

30

40

50

En
zy

m
e a

ct
iv

ity
 (U

/m
L/

m
in

)

Sp
ec

if
c a

ct
iv

ity
 (U

/m
g)

pH
2 3 4 5 6 7 8

Figure 6: Study of glucoamylase yield and specific activity on
different pH value by using the previous screened conditions
under solid state mechanism.

b a c d e

0

20

40

Acetate
bufer

Phosphate
bufer

Distilled
water

Tap
water

Mineral
water

Moistening agents (mL)

En
zy

m
e a

ct
iv

ity
 (U

/m
L/

m
in

)
sp

ec
if

c a
ct

iv
ity

 (U
/m

g)

Specifc activity
Glucoamylase activity

Figure 7: Comparison of glucoamylase production and specific
activity by using various moisture contents for growth of A.
alternata.

Glucoamylase activity
Specifc activity

e
c b

a
d

0
2
4
6
8
10
12
14
16
18

0

10

20

30

40

0 2 4 6 8

En
zy

m
e a

ct
iv

ity
 (U

/m
L/

m
in

)

Sp
ec

if
c a

ct
iv

ity
 (U

/m
g)

Starch Concentration (mL)

Figure 8: Optimization of glucoamylase production and specific
activity by using different concentration of starch by A. alternata.

6 BioMed Research International



positively correlation (Figures 11 and 12). The results indi-
cated that pH, carbon source, starch concentration, incuba-
tion period, and quantity of substrate were positively
correlated, and nitrogen sources are negative with each other
while solid substrate inoculum size and incubation tempera-
ture revealed the weak correlation shown in (Figure 11),
similarly. All ecocultural parameters showed positive corre-
lation in determination of specific activity of enzyme
(Figure 12). Overall, each treatment in all parameter/ecocul-
tural conditions was different from each other in terms of
their negative and positive scores. The T1, T2, and T3 in first
component were positively correlated, and T4 and T5 in
second component were negatively correlated, while the T1
showed the weak correlation (Figure 11). Further, protein
estimation determined the positive correlation between T2
and T4 and negative correlation between T1 and T5, while
T3 showed weak correlation (Figure 12). The first principal
component (PC’s) revealed the eigenvalues > 1 represented
to 52.4% for glucoamylase activity and 50.9 for specific activ-

ity. Similarly, the second component (PC’s) showed the
eigenvalues > 1 denoted 34.7% for glucoamylase production
and 39.2% for specific activity of the variance.

So, with the proper growth of fungus A. alternata under
the technique of solid substrate fermentation (SSF), there are
many other aspects which are important for glucoamylase
production. These aspects are optimized cultural conditions
as adequate use of agroindustrial waste, screening of sub-
strate, some substrate concentrations, inoculum level and
incubation temperatures, incubation time, pH range, moist-
ening agents, starch concentration, and carbon and nitrogen
sources [4]. In the absence of these important aspects, the
production and yield of glucoamylase would be low. These
all factors must be optimized for glucoamylase yield because
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Figure 9: Use of different nitrogen additives to study the
glucoamylase production and specific activity under solid state
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of its important application in industries as they are consid-
ered the most important [7], and they have positive or
negative correlation among themselves as well as among
treatments levels [27].

4. Conclusion

The present study shows that the isolated fungal strain of
Alternaria alternata (MBL-T) from rotten tomato has the
potential to produce glucoamylase as an important biocata-
lyst that can be used in various industrial processes. It was
concluded that A. alternata isolated from rotten tomato
has inherent properties for highest glucoamylase production
of 17:3 ± 0:05a U/ml/min, and the highest specific activity
of 39.2U/mg under optimized conditions as 10 g dried
potato powder were used as fermentation media with
1ml (4:42 × 10−7) inoculum level at 30°C temperature
and 5 pH. After 72 hours incubation, use of buffer (5 pH)
as moistening agent, starch concentration of 5%, and media
additive as nitrogen (yeast extract) and carbon source
(maltose) increased glucoamylase titer under solid state fer-
mentation, that can increase the glucoamylase activity to
meet the industrial needs by using kitchen waste.
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