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ABSTRACT 

In this study, multi-enzyme (amylase, protease and lipase) production from 

Aspergillus niger FCC-ASQ-06 was evaluated. Different fruit (banana peel, 

orange peel, lemon) and vegetable (pea peel) waste were tested as carbon 

sources. Maximal amylase and lipase production were 4.43 U/g DM and 6.44 

U/g DM when banana peel was used as carbon source whereas highest 

protease production of 3.66 U/ g DM was noted when lemon peel was used as 

carbon source. Production rate further increased with fermentation time and 

maximum enzyme activities were noted after 144 h fermentation time when 

banana peel was used as carbon source. In the next step, effect of nitrogen 

sources on different enzyme production were checked. Maximal protease, 

amylase and lipase production were 12.4 U/ g DM, 13.4 U/g DM and 15.6 U/g 

DM, respectively when peptone and yeast extract were used as nitrogen 

source. Maximal enzyme production was noted from pH 6-8. Fermentation 

medium cost is always technical barrier in industrial scale processes for 

bioethanol, organic acids and enzyme production (lipase, amylase and 

protease). These enzymes have applications in various industries including 

food industry, saccharification of starchy materials, detergent and textile 

industry. This is why, there is need to find cost effective medium for 

multienzyme production. Utilization of fruit and vegetable waste in 

biotechnology industry will certainly reduce commodity production cost and 

solve pollution problems.  

 

1. INTRODUCTION 
 

The most significant industrial enzymes are proteases 

due to their wide range of applications in food, 

cosmetics, detergent, pharmaceutical, leather and 

synthetic bio-technology. Protease market value has 

reached to more than 65% of total industrial enzyme 

market [1-4].   
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Lipases are employed in food additive, detergent, 

oleo chemical, bio-diesel, biodegradable polymers 

and textile industries [5]. Amylases find their 

applications in food, saccharification of starchy 

materials, pharmaceuticals, detergent and textile 

industries [6-7]. These enzymes could be produced 

from micro- and macro-organisms [8]. Microbial 

enzymes are preferred over animal and plants source 

enzymes due to their stability, higher production rate, 

biochemical versatility, and availability of huge 

number of microbial strains. Enzymes are produced 

under solid-state and submerged fermentation. Solid 
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state fermentation is advantageous over submerged 

fermentation due to no substrate processing needed. 

Plant based biomass could directly be employed in 

solid state fermentation this will save energy and cost 

[9]. Many processes have been developed for the 

utilization of agro-industrial residues as raw material 

to produce bulk chemicals bio-ethanol, organic acids 

and enzymes. Utilization of plant based biomass as 

substrate will save fermentation medium cost and 

reduce pollution that could occur due to accumulation 

of solid waste [10].  

 

Therefore, in present study multi-enzyme production 

was optimized using fruit and vegetable waste to 

reduce the fermentation operation and capital cost. 

Fermentation medium cost is always technical barrier 

in industrial scale processes for bio-ethanol, organic 

acids and enzyme production (lipase, amylase and 

protease). These enzymes have applications in 

various industries mentioned above. This is why, 

there is need to find cost effective medium for multi-

enzyme production. Utilization of fruit and vegetable 

waste in biotechnology industry will certainly reduce 

commodity production cost and solve pollution 

problems.  
 
 

  

2. MATERIALS AND METHODS 
 

Raw material 
The waste material lemon peel, banana peel, orange 

peel and pea peel were collected from household 

waste from Hyderabad, Sindh, Pakistan.   

 

Solid state fermentation 

The fermentation medium consists of 10 g/L of 

banana peel, orange peel, lemon peel or pea peel in 

separate flasks, peptone 3 g/L, potassium dihydrogen 

phosphate (KH2PO4) 1.2 g/L, MgSO4 1.2 g/L and 

(NH4)2SO4 0.6 g/L. The initial pH was adjusted to 6.0 

with 0.1N NaOH or 0.1N HCL.  

 

Effect of time 

Fermentation medium (50 mL) containing banana 

peel, lemon peel, orange peel or pea peel (10 gL
-1

) 

powder as a carbon source was taken in separate 

flasks and KH2PO4 (0.6 gL
-1

), peptone (5 gL
-1

), 

MgSO4 (0.6 gL
-1

), (NH4)2SO4 (0.3 gL
-1

) in 250 mL 

conical flask.  

The cotton plugged flask was autoclaved for 20 mint 

at 121 °C. The sterilized medium was cooled at room 

temperature and each flask was inoculated from 2 mL 

of Aspergillus niger suspension. Fermentation was 

allowed at 30 C for 72 hours. In the next step, time 

of incubation was evaluated using different peels 

powder in separate flasks in 50 mL fermentation 

medium containing peel powder as carbon source and 

KH2PO4 1.2 g/L, peptone 5 g/L, MgSO4 1.2 g/L, 

(NH4)2 SO4 0.6 g/L. Fermentation was allowed at 30 

C for 10 days, samples were collected after 24 h 

interval. 

Effect of nitrogen source 

Effect of different organic and inorganic nitrogen 

compounds on multi-enzyme production was 

evaluated using different peel powder. In 50 mL 

fermentation medium containing 10 g/L of peel 

powder as carbon source and KH2PO4 1.2 g/L, 

different nitrogen compounds 5 g/L, MgSO4 1.2 g/L, 

(NH4)2 SO4 0.6 g/L. Fermentation was allowed at 30 

C for 6 days, samples was collected after 144 h. 

pH Effect 

Effect of initial pH on multi-enzyme production was 

evaluated using banana peel, orange peel, lemon peel 

and pea peel as carbon source in separate flasks. In 

50 mL fermentation medium containing 10 g/L peel 

powder as carbon source and KH2PO4 1.2 g/L, yeast 

extract 5 g/L, MgSO4 1.2 g/L, (NH4)2 SO4 0.6 g/L. 

Fermentation was allowed at 30 C for 6 days, 

samples were collected after 144 h. 

 

Enzyme activities 

Amylase activity was calculated by adopting the 

reducing sugars procedure described by elsewhere 

[11]. Activity of lipase was also calculated according 

to modified method reported elsewhere [12]. Protease 

activity in the culture supernatant was assayed 

according to method adapted from Penner et al., 1967 

[13].  

3. RESULTS AND DISCUSSION 

 
Cost of fermentation medium is one of the financial 

issues in industrial scale processes for production of 

commodity products like, bio-ethanol, organic acids, 

microbial enzyme production and many more. 

Therefore, researchers in various laboratories are 

trying to develop cost effective fermentation 

processes by using low cost substrate (agro-industrial 

waste). This is why, in present study, solid state 

fermentation process was evaluated and developed 

for multi-enzyme production from fruit (banana peel, 

orange peel and lemon peel) and vegetable (pea peel) 

Waste. This strategy has provided practical approach 

towards production of multi-enzyme from same 

fermentation medium using low cost material that 

will reduce enzyme production cost and eliminate the 

possible pollution problem that could occur due to 

discharge of food waste. 
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Figure 1 shows the results of solid substrate 

fermentation using fruit and vegetable waste as 

carbon source. Four different waste materials lemon 

peel, banana peel, pea peel and orange peel were 

evaluated as energy source for amylase, protease and 

lipases production from Aspergillus niger. Amylase 

activities were 4.43, 3.56, 3.07 and 4.09 U/g DM 

with banana, lemon, orange and pea peel, 

respectively. Protease activities were 2.045, 3.66, 

3.34 and 2.50 U/g DM with banana, lemon, orange 

and pea peel, respectively. Lipases activities were 

6.44, 5.15, 0.22 and 4.09 U/g DM with banana, 

lemon, orange and pea peel, respectively. Production 

rate of each enzyme varied with carbon source and 

maximal production of amylase and lipase were 

noted when banana peel was used as carbon source 

whereas protease activity was highest in lemon peel 

medium. Literature suggests that enzyme production 

varies with carbon source due to nature of 

microorganisms and micronutrients present in each 

carbon source also vary. These micronutrients have 

certain effect on gene regulation for production of 

enzymes and microbial growth. Several studies have 

reported optimization of enzyme production in solid 

state fermentation as well as in submerged 

fermentation condition. Each microorganism behave 

differently in each fermentation condition due to 

composition of each medium also vary. Imrana et al., 

2017 [14] have produced protease from Bacillus 

licheniformis BCC-02-50 using molasses as carbon 

source and yeast extract as nitrogen source after 36 h 

in submerged fermentation condition. Qureshi et al., 

2016 have obtained maximal amylase and protease 

concentration when wheat straw was supplemented in 

solid state fermentation. 

 
 

Figure 1. Impact of various plant materials on 

enzyme’s production isolated from different carbon 

sources. 

Figure 2.1. showed  that enzyme production using 

banana peel as carbon source enhanced with the 

passage of time and highest concentration of lipase 

was obtained at 120 h after that lipase concentration 

gradually decreased, whereas, highest concentration 

of amylase was obtained at 144 h after that activity 

decreased. Maximal protease concentration was 

obtained at 144 h. Effect of orange peel as carbon 

source on enzyme concentration was determined and 

results are depicted in figure 2.2. Enzymes 

concentration increased with fermentation time 

maximal lipase concentration was achieved after 120 

h, highest protease and amylase concentrations were 

seen after 144 h. Figure 2.3 shows lipase, protease 

and amylase production using lemon peel as carbon 

source. In this case maximal enzyme activities were 

noted after 144 h for all tested enzymes. The time 

dependent production of enzymes using pea peel as 

carbon source is shown in figure 2.4. Similar results 

were observed for lipase, amylase and protease 

production after 144 h. Results clearly suggests that 

highest enzyme production was related to microbial 

growth. Growth dependent lipase production was 

observed by [15]. In our previous study [16], solid 

state fermentation of wheat straw from Bacillus 

BBXS-2 produced maximum amylase and protease 

concentration after 120 h.  

 

 

Figure 2-1. Time dependent production of enzymes 

using banana peel as carbon source 

0 

1 

2 

3 

4 

5 

6 

7 

8 

Banana 
peel 

Orange 
peel 

Lemon 
peel 

Pea peel 

En
zy

m
e

 A
ct

iv
it

ie
s 

U
/g

 D
M

 

Carbon sources 

Amylase Protease Lipase 

0 

5 

10 

15 

20 

0 48 96 144 192 240 

E
n
z
y
m

e
 A

c
ti
v
it
ie

s
 U

/g
 D

M
 

Time period (h) 

Banana Amylase 

Protease 

Lipase 

38



Hadia et al., 2019 

 

 

 

Figure 2-2. Time dependent production of enzymes 

using orange peel as carbon source 

 

Figure 2-3. Time dependent production of enzymes 

using lemon peel as carbon source 

 

Figure 2-4. Time dependent production of enzymes 

using pea peel as carbon source 

 

Effect of different nitrogen sources (peptone, yeast 

extract, tryptone, sodium nitrate, ammonium chloride 

and urea) on the production of different enzymes 

(amylase, protease and lipase) from Aspergillus niger 

was evaluated (Figure 3). Different fruit (banana-, 

lemon- and orange-peel) and vegetable (pea peel) 

wastes were used as carbon sources. Figure 3.1 

shows that the maximum lipase production of 15.4 

U/g DM was noted when nitrogen source was 

peptone.  The highest amylase activity of 13. 4 U/g 

DM was obtained from yeast extract medium and 

maximal protease production (10 U/g DM) was 

observed from tryptone medium. 

Figure 3.2 show that lipase production was 13.6 U/ g 

DM when tryptone was supplemented in the 

fermentation medium. Whereas, maximal protease 

concentration of 12.4 U/g DM and amylase 

production of 10.4 U/g DM were obtained when 

nitrogen source was yeast extract. Figure 3.3 shows 

the impact of organic and inorganic sources of 

nitrogen using lemon peel as carbon source on 

different enzyme production. All enzyme activities 

were highest in case of organic nitrogen sources, 

highest lipase production was obtained from peptone, 

highest amylase production was obtained from 

tryptone whereas protease concentration reached 11.4 

U/g DM in fermentation medium supplemented with 

yeast extract. The impact of variuos nitrogen sources 

on lipase, amylase and protease production from 

Aspergillus niger is shown in figure 3.4, pea peel was 

used as a carbon source. Highest amylase and 

protease concentration were obtained from yeast 

extract and lipase activity from tryptone fermentation 

medium. Peptone was found best nitrogen source for 

amylase production from Bacillus sp BCC 021-50 

under submerged fermentation conditions [17]. 

Imrana et al., 2017 have reported amylase production 

from Bacillus clausii MCC 233-50 under submerged 

fermentation conditions and urea was found best 

nitrogen source for amylase production [18]. 
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Figure 3-1. Impact of nitrogen sources on enzymes 

using banana peel as carbon source 

 

Figure 3-2. Impact of nitrogen sources on of enzymes 

using orange peel as carbon source 

 

 

Figure 3-3. Impact of nitrogen sources on enzymes 

using lemon peel as carbon source.  

 

Figure 3-4. Impact of nitrogen sources on enzymes 

using pea peel as carbon Source 

Figure 4.1-4.4 shows the impact of pH on enzyme 

production under different fermentation conditions 

using different carbon sources. In different 

conditions, highest enzyme concentrations (protease, 

lipase and amylase) were noted from pH 6-8. 

Microorganisms produce different enzyme at 

different fermentation conditions probably due to 

different genes are involved in synthesis of each 

enzyme. Enzymes are protein in nature and 

synthesized using microbial metabolic machinery. 

Beg et al., 2003 [19] have reported proteases 

production under alkaline conditions. [16] have 

reported amylase and protease coproduction under 

open fermentation conditions using wheat straw as 

substrate, maximum enzyme production was noted at 

pH 8.5. [20] have reported amylase production from 

Bacillus sp. BCC 01-50 under submerged 

fermentation condition and maximum concentration 

was obtained at pH 8.0 when molasses mineral 

medium was used. 
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Figure 4-1. Impact of pH on enzymes production 

from banana peel 

 

Figure 4-2. Impact of pH on enzymes production 

from orange peel 

 

Figure 4-3. Impact of pH on enzymes production 

from lemon peel 

 

Figure 4-4. Impact of pH on enzymes production 

from pea peel 

 

4. CONCLUSION 

In present study, multi-enzyme (amylase, protease 

and lipase) production from Aspergillus niger was 

evaluated. Different fruit (banana peel, orange peel, 

lemon peel) and vegetable (pea peel) waste were 

tested as carbon sources. Maximal amylase and lipase 

production were 4.43 U/g DM and 6.44 U/g DM 

when banana peel was used as carbon source whereas 

highest protease production of 3.66 U/ g DM was 

noted when lemon peel was used as carbon source. 

Production rate further increased with fermentation 

time and maximum enzyme activities were noted 

after 144 h fermentation time when banana peel was 

used as carbon source. In the next step, effect of 

nitrogen sources on different enzyme production 

were checked. Maximal protease, amylase and lipase 

production were 12.4 U/ g DM, 13.4 U/g DM and 

15.6 U/g DM, respectively when peptone and yeast 

extract were used as nitrogen source. Maximal 

enzyme production were noted from pH 6-8. 

Fermentation medium cost is always technical barrier 

in industrial scale processes for bioethanol, organic 

acids and enzyme production (lipase, amylase and 

protease). These enzymes have applications in 

various industries including food industry, 

saccharification of starchy materials, detergent and 

textile industry. This is why, there is need to find cost 

effective medium for multienzyme production. 

Utilization of fruit and vegetable waste in 

biotechnology industry will certainly reduce 

commodity production cost and solve pollution 

problems.  

 

 

 

0 

5 

10 

15 

20 

25 

5 6 7 8 9 10 

E
n
z
y
m

e
 A

c
ti
v
it
ie

s
 U

/g
 D

M
 

pH 

Banana 

Amylase Protease Lipase 

0 

5 

10 

15 

20 

25 

30 

5 6 7 8 9 10 

E
n
z
y
m

e
 A

c
ti
v
it
ie

s
 U

/g
 D

M
 

pH 

Orange 
Amylase Protease Lipase 

0 

10 

20 

30 

40 

5 6 7 8 9 10 

E
n
z
y
m

e
 A

c
ti
v
it
ie

s
 U

/g
 D

M
 

pH 

Lemon 
Amylase Protease Lipase 

0 

5 

10 

15 

20 

25 

30 

5 6 7 8 9 10 

E
n
z
y
m

e
 A

c
ti
v
it
ie

s
 U

/g
 D

M
 

pH 

Pea 
Amylase Protease Lipase 

41



 Coproduction of protease, amylase and lipase   
 

 

 

5. CONFLICT OF INTEREST 
 

All authors have declared that there is no conflict of 

interest regarding publication of this article. 

 

     REFRENCES 

 
[1] Annamalai, N., Rajeswari, M. V., & 

Balasubramanian, T. (2014). Extraction, purification 

and application of thermostable and halostable 

alkaline protease from Bacillus alveayuensis CAS 5 

using marine wastes. Food and Bioproducts 

Processing, 92(4), 335-342.  

 

[2] Sundararajan, S., Kannan, C. N., & Chittibabu, S. 

(2011). Alkaline protease from Bacillus cereus 

VITSN04: Potential application as a dehairing 

agent. Journal of bioscience and bioengineering, 

111(2), 128-133.  

 

[3] Kumar, C. G., & Takagi, H. (1999). Microbial 

alkaline proteases: from a bioindustrial viewpoint. 

Biotechnology advances, 17(7), 561-594.  

 

[4] Pillai, P., Mandge, S., & Archana, G. (2011). 

Statistical optimization of production and tannery 

applications of a keratinolytic serine protease from 

Bacillus subtilis P13. Process Biochemistry, 46(5), 

1110-1117.  

 

[5] Yan, J., Han, B., Gui, X., Wang, G., Xu, L., Yan, 

Y.,  Zha, G. (2018). Engineering Yarrowia lipolytica 

to simultaneously produce lipase and single cell 

protein from agro-industrial wastes for feed. 

Scientific reports, 8(1), 758.  

 

[6] Chakraborty, S., Khopade, A., Kokare, C., Mahadik, 

K., & Chopade, B. (2009). Isolation and 

characterization of novel α-amylase from marine 

Streptomyces sp. D1. Journal of Molecular 

Catalysis B: Enzymatic, 58(1-4), 17-23.  

 

[7] Sivaramakrishnan, S., Gangadharan, D., 

Nampoothiri, K. M., Soccol, C. R., & Pandey, A. 

(2006). a-Amylases from microbial sources–an 

overview on recent developments. Food Technol 

Biotechnol, 44(2), 173-184.  

 

[8] Tanyildizi, M. S., Özer, D., & Elibol, M. (2005). 

Optimization of α-amylase production by Bacillus 

sp. using response surface methodology. Process 

Biochemistry, 40(7), 2291-2296.  

 

[9] Hölker, U., & Lenz, J. (2005). Solid-state 

fermentation—are there any biotechnological 

advantages? Current opinion in microbiology, 8(3), 

301-306.  

 

[10] Pandey, A., Soccol, C. R., Nigam, P., Soccol, V. T., 

Vandenberghe, L. P., & Mohan, R. (2000). 

Biotechnological potential of agro-industrial 

residues. II: cassava bagasse. Bioresource 

technology, 74(1), 81-87.  

 

[11] Qureshi, A.S.; Dahot, M.U.; Rehman, A. Production 

of amylase by fungi through submerged 

fermentation. Pak. J. Biotechnol. 2004, 1, 35–42 

 

[12] WinklerU, Stuckman M. Glycogen, hyaluronate 

,and some other polysaccharides greatly enhance the 

formation of exo lipase by Serratia marcescens. J 

Bacteriol 1979; 138:663–79 

 

[13] Penner D, Ashton FM (1967) Hormonal control of 

proteinase activity in squash cotyledons. Plant 

Physiol 42:791–796. 

 

[14] Imrana Khushk, Safia Bano, Abdul Sattar Qureshi, 

Muhammad Aqeel Bhutto, Altaf Ahmed Simiar and 

Abdul Nabi Jatt 2017. Study of nutrient media 

components and cultivation conditions of Bacillus 

licheniformis BCC-02-50 for protease production 

using molasses as energy source.  

 

[15] Joshi, R., Sharma, R., & Kuila, A. (2019). Lipase 

production from Fusarium incarnatum KU377454 

and its immobilization using Fe3O4 NPs for 

application in waste cooking oil 

degradation. Bioresource Technology Reports, 5, 

134-14. 

 

[16] Qureshi, A. S., Khushk, I., Ali, C. H., Chisti, Y., 

Ahmad, A., & Majeed, H. (2016). Coproduction of 

protease and amylase by thermophilic Bacillus sp. 

BBXS-2 using open solid-state fermentation of 

lignocellulosic biomass. Biocatalysis and 

Agricultural Biotechnology, 8, 146-151. 

 

[17] Simair, A., Khushk, I., Qureshi, A., Bhutto, M., 

Chaudhry, H., Ansari, K., & Lu, C. (2017). Amylase 

production from Thermophilic Bacillus sp. BCC 

021-50 Isolated from a Marine 

Environment. Fermentation, 3(2), 25. 

 

[18] Imrana Khushk, Safia Lashari, Muhammad Aqeel 

Bhutto, Abdul Nabi Jatt and Abdul Sattar Qureshi 

2017. OPTIMIZATION OF CULTURAL 

CONDITIONS FOR α-AMYLASES 

PRODUCTION FROM BACILLUS CLAUSII MCC 

233-50 

 

[19] Beg, Q. K., & Gupta, R. (2003). Purification and 

characterization of an oxidation-stable, thiol-

dependent serine alkaline protease from Bacillus 

mojavensis. Enzyme and Microbial 

Technology, 32(2), 294-304. 

 

[20] Simair, A. A., Qureshi, A. S., Khushk, I., Ali, C. H., 

Lashari, S., Bhutto, M. A., ... & Lu, C. (2017). 

Production and partial characterization of α-amylase 

enzyme from Bacillus sp. BCC 01-50 and potential 

applications. BioMed research international, 2017. 

 

 

 

 

42


