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Introduction
Functional integration and the cooperative effect of multienzymes 

over individual counterparts and have demonstrated its important role 
in the production of different commodities in food and feed industries. 
Phytase (myo-inositol hexaphosphate phosphohydrolase, EC 3.1.3.8) 
is an acid phosphatase enzyme that catalyzes the hydrolysis of phytic 
acid to less phosphorylated myo-inositol derivatives, have applications 
in feed & food industries (for phytate elimination) [1,2]. Pectinase 
(EC 3.1.1.11) represents for pectic enzymes in brewing (pectolyase, 
pectozyme and polygalacturonase) have been used in fruit juice 
extraction and clarification [3]. β-fructofuranosidase namely invertase 
(EC 3.2.1.26) is an predominant enzyme used in food (confectionery) 
industry for catalyzing the hydrolysis of terminal nonreducing 
β-fructofuranoside residues of β-fructofuranosides where fructose is 
preferred over sucrose due to its sweetness [4]. 

Multiple enzyme activities in supernatant produced through 
fermentation facilitates the production of enzyme activities with high 
titer values with synergetic effects. A selection of précised fermentation 
conditions is utmost important for achieving these multiple enzyme 
activities from a microbial supernatant. However, currently there is 
still no appropriate bioprocess with a well-established bioengineering 
approach for simultaneous production of multienzymes through a 
complex microbial culture system. The pH range of commercially 
produced fungal enzymes were usually falls in the pH range of natural 
substrates to be processed and the enzymes are secreted into the culture 
media, which makes downstream processing easier for the enzymes. 
The endowed efficiency of A. niger for extracellular phytase production 
has been acknowledged by several researchers [5-7]. Pectinases are 
produced by a large number of organisms, such as bacteria, fungi, 
actinomycetes and yeast. A. niger [8] and B. subtilis [9] are the 
major sources of several commercial pectinase preparations of Novo 
Nordisk (PectinexTM, Pectinex SP-L) and Carolina Biological Supply 
Company, CCM International Ltd. [10,11]. Among microorganisms, 
the enzymatic activity of invertase has been characterized mainly 
predominant with the species of Saccharomyces cerevisae, Candida 

utilis, Aspergillus niger, Thermomyces lanuginosus and Penicillium 
chrysogenum has been widely studied. A combination of different 
enzymes often had no negative interaction and would effectively 
hydrolyze complex substrates of feedstuff [12-14].

Usually, multienzymes are produced through the mixing of 
individual enzymes through engineered microbes with multi- 
functions or through mixed culture of microbes [15,16]. Due to having 
disadvantages of their own, the researchers are in search of well single 
microbe engineered bioprocess which can produce simultaneous 
multienzymes efficiently. The low substrate cost coupled with higher 
volumetric productivities of Solid State Fermentation (SSF) seems 
to be ideal compared to enzyme production through Submerged 
Fermentation (SmF). Moreover, the conditions of SSF were similar to 
the fungal habitat conditions. Agro-waste substrate utilization in SmF 
is an economical process for production of industrial enzymes such 
as Invertase, Pectinase and Phytase [17]. Production of multienzymes 
(pectinase, pectate lyase, cellulose, xylanase, β-xylosidase and 
invertase) through SSF have been reported in several instances through 
utilization Aspergillus, Fusarium, Neurospora and Penicillium sp using 
orange peel as a substrate [18]. In another study by Delabona et al. [19] 
multienzyme preparations containing pectinase, cellulase and xylanase 
enzymes have been produced using six fungal isolates. Among the six 
fungal isolates tested, Aspergillus niger proved to be the most potent and 
produced highly active multienzyme systems. Hence, in our present 
study we have made an attempt to isolate and identify different fungal 
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isolates with their ability to produce multienzymes (phytase, pectinase 
and invertase) through SSF and SmF technologies using wheat bran as 
substrate. 

Materials and Methods
Wheat bran, used as a substrate in SSF, was purchased from local 

market. Phytic acid was procured from Sigma Life Sciences (USA). 
Media constituents were purchased from Himedia Laboratories 
(Mumbai, India) and all other chemicals used were analytical grade 
and obtained from SRL (Mumbai).

Isolation and maintenance of micro organisms from 
agricultural field soil

Soil samples were collected from agricultural fields of Waknaghat, 
Chandigarh and Delhi, India. Six fungal isolates were obtained from 
these soil samples using serial dilution method on PDA agar plates. 
Pure cultures were maintained on PDA slants and were screened for 
Invertase, Pectinase and Phytase production. Fungal isolates were 
grown in Potato Dextrose Broth (PDB) at 30°C and 120 rpm for 96 h 
under submerged conditions.

Screening of fungal isolates for pectinase, invertase and 
phytase production

Screening for Phytase production was done by measuring the rate 
of liberation of inorganic phosphate using phytic acid as substrate [20]. 
A volume of 0.5 ml of appropriately diluted cell free broth was mixed 
with 0.5 ml of 0.1% phytate dodecasodium salt as a substrate, and the 
mixture was incubated at 50°C for 10 min. The reaction was stopped 
by adding 1 ml of tricholoroacetic acid solution (TCA, 10% w/v). 
Color development was achieved by adding 1 ml of reagent (acidified 
solution of ferrous sulphate and ammonium molybdate). After 10 min 
incubation at room temperature, absorbance was measured at 660 nm. 
The assay was performed in triplicates with an appropriate blank. The 
controls were prepared by separately incubating substrate and broth 
with TCA at experimental conditions [20]. One enzyme unit (U) 
was defined as the amount of enzyme liberating 1 μmol of inorganic 
phosphate per min under standard assay conditions [21].

Microscopic examination of fungal isolates

Morphological features of fungal isolates were studied using light 
microscopy after staining with lactophenol cotton blue. A drop of 
lactophenol cotton blue stain was placed in the centre of a clean slide. 
A small tuft of the fungus (2-3 mm) was transferred into the drop using 
an inoculating or teasing needle and teased gently. Preparation was 
examined under low and high, dry magnification for the presence of 
characteristic mycelia and fruiting structures [22].

Identification of fungal isolates

The fungal isolates with potential for esterase and Phytase 
production were submitted to Indian type culture collection (ITCC), 
Indian Agricultural Research Institute (IARI), New Delhi for their 
identification and characterization.

Inoculum development

Spore suspension of 6 days old slant was used to inoculate seed 
flask containing 10 ml PDB and maintained at 30oC and 200 rpm for 
48 h. Spore counting was done using Neubauer counting chamber 
(Haemocytometer). Media was inoculated with 5 × 106 spores/ml. After 
48 h of growth, the culture was transferred to 100 ml PDB and was used 
as inoculum for both submerged and Solid State Fermentation. 0.5 ml 

of inoculum with 0.53 g of fungal wet cell weight (10% v/w) was used 
to inoculate 5 g solid substrate in SSF. Similarly, 10 ml inoculum with 
5.3 g wet cell weight (10% v/v) was used to inoculate 100 ml Potato 
dextrose broth in SmF.

Production of enzymes

SmF setup for enzyme production: 100 ml PBD was inoculated 
with 10 ml (10%) inoculum and was kept at 30°C and 150 rpm for 96 h 
with regular sampling after every 24 h [23].

SSF setup for enzyme production: 4 g of a solid substrate (wheat 
bran) was taken in a different flask (250 ml) and inoculated with 2 ml 
of spore suspension; flasks were kept static at 30oC for 96 h with regular 
sampling after every 24 h. The enzyme was harvested by adding 16 
ml of distilled autoclaved water and the fermented slurry was filtered 
through the muslin cloth. The resulting extract was used for the assay 
of enzyme activities [24].

Process parameter optimization for enzyme production during 
SSF: Different process parameters, i.e., relative humidity, amount of 
spore suspension that is to be added, overhead air space optimization, 
media composition with respect to addition of inducer components to 
the media that enhances the fungal growth, temperature optimization 
for optimum enzyme production, optimization of the percentage of 
substrate for optimum action of enzymes and pH optimization.

Assay of enzymes

Phytase assay was carried out using phytate dodecasodium salt as 
substrate by measuring the absorbance at 660 nm [21]. One enzyme 
unit (U) was the amount of enzyme liberating 1 μmol of inorganic 
phosphate per min under standard assay conditions. Pectin assay 
estimates the liberation of galacturonic acid generated from degradation 
of polygalacturonic acid by the activity of enzyme Pectinases measuring 
the absorbance at 575 nm [25]. One enzyme unit (U) was the amount 
of enzyme liberating 1 μmol of polygalacturonic acid per min under 
standard assay conditions. Invertase assay estimates the liberation of 
sucrose and fructose generated from degradation of sucrose by the 
activity of invertase by taking absorbance at 540 nm [26]. One enzyme 
unit (U) was the amount of enzyme liberating 1 μmol of Glucose and 
Fructose per min under standard assay conditions.

Estimation of protein

For estimation of protein content in the enzyme samples, Bradford 
assay was done using BSA standard by measuring wavelength at 595 
nm [27]. 

Partial purification of enzymes 

The enzyme was precipitated from extraction buffer by ammonium 
sulphate of varying cut off ranging from 10% - 80%. (NH4)2SO4 was 
added to the extract and was stirred at 4°C for 5 hours and then 
centrifuged at 5000 rpm for 30min at 4°C.

Results and Discussion
Screening and of invertase, pectinase and phytase producing 
isolates

Six fungal isolates were isolated from agricultural fields of Delhi, 
Chandigarh and Himachal Pradesh of which four showed the 
coproduction of phytase, pectinase and invertase. Pectinase and invertase 
were determined using plate assays (Figure 1) and phytase have been 
determined quantitatively (no plate assay has yet been reported).
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Characterization of fungal strains

Microscopic observation: Fruiting bodies of fungal isolates were 
stained and observed under a microscope, as shown in the Figure 2.

Biochemical characterization: Cultures were further characterized 
on the basis of their morphological and biochemical characteristics at 
Indian Type Culture Collection at Department of Plant Pathology, 
IARI, New Delhi. Results are shown in Table 1. The results shows 
that all the fungal isolates obtained from different agricultural field 
and showing coproduction of phytase, pectinase and invertase belong 
to genus Aspergillus sp. The Submerged Fermentation for culture 
maintenance; enzyme screening and production has been performed 
using YPD broth.

Production of enzymes

SmF studies for coproduction of multienzymes: Submerged 
Fermentation studies showed a steady rise in Invertase, Pectinase and 
Phytase coproduction till 96h after which decline in biomass and enzyme 
activities were observed. Fungal strains were grown for coproduction 
of phytase, pectinase and invertase in SmF for 96 h. Results showed 
coproduction of phytase, pectinase and invertase activity by Aspergillus 
nidulans (JUIT 4) and Aspergillus niger (JUIT 5) to be better than other 
fungal isolates under study (Figure 3). It has been observed that the 
three enzyme production initially increased till 20 h, which denotes the 
log phase and remains constant from for 20-40 h, which reflects their 
stationary phase and finally the activities declined which may be due to 
substrate limitation.

SSF studies for coproduction of multienzymes: Since, relative 
humidity is one of the important process parameters for fungal growth 
during SSF; studies were performed to grow the fungal strains under 
high relative humidity (RH) and water activity (aw). A varying volume 
of distilled water mixed with a dry substrate and relative humidity has 
been analyzed using Hygrometer (Table 2). Fungal strains were screened 
for coproduction of phytase, pectinase and invertase using wheat bran 
as a substrate. A maximum productivity of phytase, pectinase and 
invertase activities were seems to be equal to at 96 h by A. nidulans 
(JUIT 4) and A. niger (JUIT 5). It can be seen from Table 2 above that 
supplementation of wheat bran with water beyond 4ml / 4g wheat 
bran does not produce any significant variation in relative humidity. 
Further studies at 90% RH were performed with 4 ml distilled water 
supplementation to 4 g wheat bran. 

The best results for multi enzyme production in case of JUIT2 
have been shown at 0.4 % and 3.2 % water activity for phytase & 
invertase and pectinase respectively. The best results for multi enzyme 
production in case of JUIT4 have been shown at 0.4% water activity 
in case of Invertase, Pectinase and Phytase. The best results (Figure 
4) for multi enzyme production in case of JUIT5 have been shown at 
0.4% water activity in case of phytase, pectinase and invertase. The best 
results for multi enzyme production in case of JUIT6 have been shown 
at 0.4% water activity in case of phytase, pectinase and invertase. The 
overall results in the case of Solid State Fermentation with respect to 
the effect of water activity have been shown best in case of all four fungi, 
especially JUIT4 and JUIT5. The multi enzyme production has been 
shown at 0.4% water activity that corresponds to 67% relative humidity.

Comparison of SmF and SSF: Invertase, Pectinase and Phytase 
production in SmF & SSF was compared on PDB and wheat bran 
respectively. Enzyme activities are shown in Figure 5.The results are 
in agreement with some of the previous reports showing improvement 
in the production of enzymes in SSF compared to SmF. It was also 

observed that among all the fungal strains under study, Aspergillus 
nidulans (JUIT 4) and Aspergillus niger (JUIT 5) showed the highest 
coproduction of the enzymes and were used for further studies. Solid 
State Fermentation showed many fold increase in the production of 
invertase than Submerged Fermentation. JUIT2 and JUIT5 showed 
the maximum increase in the invertase production in SSF. Solid 
State Fermentation showed many fold increase in the production of 
pectinase than Submerged Fermentation. JUIT6 and JUIT5 showed the 
maximum increase in the pectinase production in SSF whereas JUIT4 
showed a decline in Pectinase Production in SSF. Results for JUIT2 in 
SSF and SmF are comparable.The decline in results with JUIT4 as well 
as JUIT2, has been attributed to one of the reasons such as build up 
of gradient temperature, PH, moisture, substrate concentration or po2 
during cultivation (which are difficult to control under limited water 
availability).Solid State Fermentation showed many fold increase in the 
production of Phytase than Submerged Fermentation. JUIT2, JUIT4 
and JUIT6 showed the maximum increase in the Phytase production in 
SSF whereas JUIT5 showed comparable results in the case of SSF and 
SmF although a slight increase in SSF is seen in this case also.

Reasons for the increased production of enzymes in SSF over SmF 
include better productivity because of higher biomass production and 
lower protein breakdown, less catabolic repression, low water demand, 
and hence low sterlity demand due to low water activity, cultivation of 

A (JUIT2 on the left)                             B (JUIT4 on the left)

C (JUIT5 on the left)                           D (JUIT6) 
1.1

A. (JUIT5 on top; JUIT2 below)             B. (JUIT4 on left)

C. (JUIT6)
1.2

Figure 1: Plate assays for (1.1) Pectinase (1.2) Invertase.
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(Data was not shown). A maximum multi enzyme production in case 
of JUIT4 has been shown when spore suspension of 2 ml has been 
taken and when more overhead space is provided. Flask fermentation 
has proved to be better than plate fermentation for the production 
of Invertase, Pectinase and Phytase. The maximum multi enzyme 
production in case of JUIT5 has been shown when spore suspension of 
2 ml has been taken and when more overhead space is provided (Data 
was not shown). Flask fermentation has proved to be better than plate 
fermentation for the production of Invertase, Pectinase and Phytase.

Effect of inducers: Various inducer substances were taken and were 
screened to check their effect in increasing enzyme activities. Sorbitol, 
Mannitol, Maltose, Lactose, Sucrose, Phytic acid and Dextrose were 
taken as inducers. 20% concentration of these inducers with respect 
to 4 gms wheat bran was added separately and enzyme activities were 
measured about each inducer added (Data was not shown). Maltose 
was found to coproduce all three enzymes in comparatively higher 
concentrations.

Effect of temperature: Various temperatures (25-37°C) were 
tested for the effect of varying temperature conditions on JUIT4 and 
JUIT5 for coproduction of Invertase, Pectinase and Phytase. The 
optimized inoculum/spore suspension (2 ml), overhead air space (250 
ml flask) and inducer (maltose, 20%) were taken into consideration. It 
was found that the highest levels of enzymes were produced at 30°C 
temperature (Data was not shown).

Partial purification of enzymes 

The enzyme was precipitated from extraction buffer by ammonium 
sulphate of varying cut-off ranging from 10% -80% through salting 
out method. Precipitation is due to the bonding between water 
molecules and ammonium sulphate added, and as a result, the protein 
molecules that were earlier bonded with water are now free and due 
to hydrophobic effects get attached to one another and are finally 
precipitated. A maximum enzyme activities of Invertase, Pectinase and 
Phytase has been observed using 70% cut-off for JUIT4 and 30% cut off 
for JUIT5 (Data was not shown). 

Effect of pH on enzyme activity 

Various pH (3, 4.2, 5, 6.2, 7.6, 8.2 and 8.9) were used to check the 
enzyme stability and to measure in which PH the enzymes are produced 
sufficiently. The optimized inoculum/spore suspension (2 ml), 
overhead air space (250 ml flask), inducer (maltose, 20%) and a growth 
temperature (30°C) were taken into consideration. The protein-rich 
broth recovered after the harvesting was subjected to centrifugation 
to remove the debris, a small amount of crude sample was kept for 
comparative analysis with ammonium sulphate precipitated protein 
(30% for JUIT5 and 70% for JUIT4). It was seen that Phytase activity 
was found maximum at pH 6.2, Invertase activity was found maximum 
between pH 3 to pH 5 and Pectinase activity was found maximum 
between pH 5 to pH 6.2.(Data was not shown). The stability of most 
plant phytases decreased dramatically at pH values below 4 and above 
7.5, while the majority of the corresponding microbial enzymes are 
stable even at pH values above 8.0 and below 3.0 [30]. Broad pH optima, 
thermal stability as well as a higher specific activity of microbial phytase 
make it more favorable for an application in food and feed industries.

Conclusion
Current study proposes the selection of bioprocess conditions 

for multi-enzyme production through SSF and SmF. A comparison 
of invertase, pectinase and phytase co-production by four soil fungal 

microbes requiring a solid support and mixed cultivation of various 
fungi. Catabolite repression or protein degradation by proteases are 
severe problems in SmF were often reduced or absent in SSF [28]. In 
contrast, much less research attempts have been done for metabolic 
differences evaluation of microorganisms, cultivated in SSF or SmF. 
The biological parameters of enzymes produced through SSF such as 
stability at high temperature or extreme has been seems to be better 
than SmF enzymes [29]. 

Selection of SSF conditions

Effect of various parameters on solid state fermentation: 
Apart from relative humidity, the SSF parameters such as amount of 
spore suspension, overhead airspace, inducer for the fungal growth, 
temperature, percentage of substrate, and pH plays an important role 
in obtaining the optimized yield of multienzymes. 

Effect of the amount of spore suspension and overhead airspace: 
Different volumes (0.2-6 ml) of distilled water were added to the fungal 
slants and the spores were scratched using a loophole under sterilized 
conditions in a laminar air hood chamber. These volumes of spore 
suspensions were separately inoculated in plate fermentation set up 
and flask (250 ml) fermentation set up of JUIT4 and JUIT5.

Enzyme activities were measured from each setup. It was found that 
2 ml of a spore suspension of JUIT4 as well as JUIT5 was good enough 
for coproduction of all three enzymes and that flask fermentation is 
better than plate fermentation that shows more overhead air space 
is beneficial for coproduction of Invertase, Pectinase and Phytase 

JUIT1                                   JUIT2                                    JUIT3

JUIT4                                      JUIT5                                    JUIT6

Figure 2: Lactophenol cotton blue staining of fungal isolates.

Fungi Characterization
JUIT1 Aspergillus niger
JUIT2 Aspergillus niger
JUIT3 Aspergillus fumigates
JUIT4 Aspergillus nidulans
JUIT5 Aspergillus niger
JUIT6 Aspergillus oryzae

Table 1: Characterization results of fungal isolates.
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Figure 3: Effect of incubation time enzyme production through SmF (a) JUIT2 (b) JUIT4 (c) JUIT5 (d) JUIT6. All values are represented as ± s.d of three replications.

Water added to 4 gms Wheat Bran (ml) Relative Humidity (%) Water activity (aw)
0.4 67% 0.67
1.2 76% 0.76
3.2 87% 0.87
4 90% 0.90

Table 2: Effect of relative humidity and water activity on water supplemented solid substrate.

Figure 4: Effect of water activity on enzyme production through SSF (a) JUIT2 (b) JUIT4 (c) JUIT 5 (d) JUIT 6. All values are represented as ± s.d of three replications.
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isolates has been studied. Significant improvements in Invertase, 
Pectinase and Phytase activities have been observed in case of 
JUIT4 and JUIT5. Further studies were performed using the two 
chosen fungal strains, A.nidulans (JUIT 4) and A.niger (JUIT 5). The 
selection of relative humidity, inoculum used, overhead space, growth 
temperature, inducers added, substrate concentration and pH for co-
production of phytase, pectinase and invertase during SSF has been 
carried out. A strong interaction has been observed between the all the 
bioprocess parameters in enzyme production by same fungal strain. 
Partial purification of enzymes has been done for further subsequent 
studies of this multienzyme complex. 
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Figure 5: Comparision of SmF and SSF for (a) invertase (b)  pectinase (c)  phytase production. All values are represented as ± s.d of three replications.
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