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Food protein deficiency has become a global problem, especially in developing countries. Scientists are 
looking for cheaper methods and means to overcome this problem. One such method is to produce 
single-cell protein using fruits and vegetable wastes as substrates, which are discarded most of the time. 
The present study revealed that single-cell protein could be obtained from potato and cucumber peels 
using Aspergillus parasiticus (NRRL 21369) through solid-state fermentation. The tested fruits were 
evaluated to be highly susceptible to hydrolysis. It was found that a higher amount of protein can be 

generated from potato peels, amounting to 51.1％ as compared to cucumber, which amounts to 32.4％
crude protein per 100 g of substrate used. It was also observed that supplementing the supplemented 
fruit hydrolysate medium (SFH) with glucose increased protein level up to 61.21% within the fungi cells, 

which was much lower (18.4％) when Aspergillus parasiticus (NRRL 21369) was grown on fruit 

hydrolysate medium (FHM) containing inorganic nitrogen source without glucose. In conclusion, the 
composition of the medium also plays a more significant role in the production of single-cell protein 
(SCP).  
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INTRODUCTION 

The rapid growth of population in developing 
countries has necessitated increased food 
availability for animals and humans. The growing 
demand for protein-rich food has highlighted the 
importance of formulating alternative protein 
sources to complement traditional protein 
sources. One of the most important protein 
sources is the single-cell protein (SCP). SCP is a 
creative way to efficiently solve the global food 
problem (Najafpour 2007) because of the 
increasing trend in the production and population 
in the last few years. 

SCP is made from several microorganisms, 
including fungi, algae, and bacteria, and refers to 
dead, dry microbial cells or total proteins derived 
from the culture of pure microbial cells (Ravindra 
2000). Biomass, microbial protein, and bioprotein 
are specific terms used to describe it; however, 
since most microorganisms grow as single or 
filamentous individuals, the term SCP is most 
suitable. Single-cell protein includes sugars, fats, 
vitamins, minerals, nucleic acids, and high protein 
content (about 60-82 percent of dry cell weight) 
(Asad et al. 2000; Jamal et al. 2008). Another 
benefit of SCP is that it comprises many essential 
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amino acids like methionine and lysine, which are 
scarce in most plant and animal foods. It is 
possible to use this protein to supplement a 
regular diet instead of more expensive sources 
like fish and soybeans (Gad et al. 2010).  

Pakistan is one of the largest agricultural 
countries in the world. It produces various 
agricultural products, including fruits and 
vegetables, which are exported worldwide. 
Beyond this, its agriculture products are also used 
in industries to produce multiple byproducts. 
Waste from fruits and vegetables that contain a 
higher amount of carbohydrates and other 
essential nutrients may help microbial growth 
(Adoki 2008; Yabaya and Ado 2008). Therefore, 
waste from food processing is a valuable 
substrate for microbial protein production. Using 
different fruit waste to produce single-cell protein 
can significantly help minimize pollution and solve 
waste disposal problems to some extent (Barton 
1999).  

Different forms of microbes can be used as 
sources of SCP, such as fungi, bacteria, algae, 
mold, and yeasts. The limitations of algal single-
cell protein include the need for warm temperature 
and plenty of sunshine besides CO2, along with 
the non-digestible cell wall of algae. Naturally, 
bacteria can grow on various substrates with a 
short generation time and a high level of protein 
content. The lack of public’s acceptance of 
bacteria as food, their small size, difficulty in 
harvesting, and their high nucleic acid content on 
a dried weight basis limit their use. It is considered 
that the mainly used and accepted microorganism 
for single-cell protein production is fungi. 
Therefore, it is of prime importance to explore 
fungal cell protein instead of algal and bacterial 
single-cell protein (SCP). Such studies will open 
up new avenues to obtain food from a variety of 
microorganisms.  

Over the last few years, much research has 
been done to reprocess and reuse various wastes 
of different fruits converted into useful and 
nutritious items (nee’Nigam and Pandey 2009; 
Yousufi 2012) (Ofodile et al. 2011). Therefore, 
research studies were conducted to determine the 
possibility of using different wastes of fruits for the 
economical production of fungi biomass. Potato 
and cucumber peels were introduced in this 
research as possible fermentation substrates to 
produce bioprotein that can be used both as 
animal feed and for human consumption. 
  
MATERIALS AND METHODS 

2.1 Collection and preparation of substrates 
The peels of potato and cucumber were 

collected from the local market of Peshawar, 
Pakistan. The peels were washed several times 
using sterile water and separated after washing. 
The peels were then kept in the oven and dried at 
a temperature of 40–50 °C. After drying, the peels 
were chopped finely and filtered through a mesh 
screen. The samples collected were sealed and 
packed in Zip-lock polythene packets for further 
studies and kept at room temperature. 

2.2 Collection and culturing of microorganism  
Aspergillus parasiticus (NRRL 21369) 

obtained from American type culture collection 
(ATCC) was used to ferment fruit waste in the 
study. Potato Dextrose Agar (PDA) was used to 
grow fungi. The microorganisms were sub-
cultured every three weeks and incubated at a 
temperature of 28 to 32 °C.  

2.3 Preparation of fruit extracts 
Peels of potato and cucumber were used as 

the substrate to produce single-cell protein (SCP). 
The peels of potato and cucumber were degraded 
by chemical treatments according to the 
procedure of Lenihan et al. with minor 
modifications to change cellulose into other 
obtainable sugars (Lenihan et al. 2010). To each 
waste (100 g) in a conical flask, 10% (w/v) of 50 
mL HCl was added. The prepared solution was 
kept for one hour in a water bath at 100 °C. After 
cooling, the ready solution was filtered using 
Whatman filter paper. The resultant filtrates were 
autoclaved at 121 °C for 15 min after diluting with 
sterile distilled water at various concentrations. 
The sterile mixture/broth was then dehydrated at 
60 °C for 12 h in an oven. After grinding to a fine 
powder, it was used as a source of nitrogen and 
carbon for biomass generation. 

2.4 Chemical analysis  
The determination of crude fiber, total soluble 

solids, and crude fat was carried out by the 
method described by AOAC (Mondal et al. 2012). 
Anthrone reagent was used for the determination 
of total carbohydrate content (Hansen and Møller 
1975). The ash content was determined by 
ignition of fruit waste at 55 °C in a muffle furnace, 
according to Pearson’s (Ojokoh and Uzeh 2005). 
The moisture content was calculated using the 
constant weight drying principle. For the total 
protein content, the biomass was expressed, 
while the protein estimate was calculated by the 
method defined by Lowry et al. (Waterborg 2009).  
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2.5 Preparation of inoculums 
Aspergillus parasiticus (NRRL 21369) culture 

was prepared from seven-day-old PDA slants, 
incubated at a temperature of 30 °C, and used as 
inoculums. The culture was prepared by 
thoroughly washing with 25 mL of doubled distilled 
water. After washing, the suspensions of spores 
were stirred and adjusted to the highest 
concentration of 107 spores/mL. Obtained 
inoculums through the above process were 
maintained for further use in a chiller at 4 °C. 

2.6 Single-cell protein fermentation and 
harvesting 

In 250 mL conical flasks with three trial media 
(Fruit Hydrolysates Medium (FHM), 
Supplemented Fruit Hydrolysate (SFH), and 
Glucose Supplemented Fruit Hydrolysates 
(GSF)), solid-state fermentation was performed. 

Supplemented Fruit Hydrolysate (SFH) 
prepared using (NH4)2.SO4 (2 gm), MgSO4.7H2O 
(0.5 gm), KH2PO4 (1 gm), CaCl2 (0.1 gm), NaCl 
(0.1 gm), (pH-5.5) and diluted to 1 litre with Fruit 
Hydrolysate (FH). Glucose Supplemented Fruit 
Hydrolysate (GFH) contained all of the 
components of SFH along with glucose (2 g/L). 
Fruit Hydrolysate medium (FHM) was prepared 
without any supplementation and used as the third 
media. 

 Initially, in all media, pH was set to 5.5, using 
1 N NaOH and/or 1 N H2SO4. Each medium (5 g) 
was transferred into a conical flask of 250 mL and 
sterilized for 15 min at 121 °C. From the 
Aspergillus parasiticus (NRRL 21369) suspension, 
2 mL of inoculums were transferred aseptically 
into each medium. Then fermentation under static 
conditions was carried out at a temperature of 32 
°C. The microbial protein and other values were 
determined after intervals of 7-days.  

2.7 Fruit waste bioconversion and SCP 
proximate analysis  

After fermentation and washing with sterile 
water, biomass from the culture broth was 
separated by vacuum filtration. These 
experimental samples were then transferred to an 
aluminum disk and kept in an oven for 48 h at 60 
°C for drying before recording the weight of the 
biomass. The samples were cooled in desiccators 
to balance the temperature and weight. The 
biochemical constituents of separated biomass 
were analyzed, including total carbohydrate 
content, crude protein, sugar reduction, and 
mineral content.  

 

RESULTS  

Chemical analysis of agro-waste peels 
The data of the chemical study of potato and 

cucumber peel extracts are shown in Fig. 1. The 
different variables examined during the study, like 
crude fat, total carbohydrate, crude protein, ash, 
and moisture content, revealed that the 
composition of the waste samples was 
substantially different. 

The biomass composition formed by fungi 
after the fermentation process is illustrated in Fig. 
2. 

 
Figure1: Physiochemical analysis of potato 
and cucumber peels. 

 
Figure 2: Fungal biomass composition post 
fermentation 

Crude protein:  
It was observed that the quantity of crude 

protein produced by Aspergillus parasiticus 
(NRRL 21369) from peels of potato had a higher 
yield of 51.5%, whereas cucumber peels yielded 
32.4%.  
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Carbohydrate content:  
The total carbohydrates produced from peels 

of cucumber and potato were 38.64% and 47.4%, 
respectively. 

Data presented in Fig. 1 further revealed that 
extracts of potato and cucumber peels include 
different constituents, which are considered 
helpful for the growth of fungi in SCP 
development. The current research on the 
proximate chemical composition of peels is 
supported by many previous research findings 
(Khan et al. 2010; Bacha et al. 2011). 

The result of adding nutrients for the 
development of fungi on SCP production is shown 
in Fig. 3. The higher percentage of protein (61.21

％) was recorded when Aspergillus parasiticus 

(NRRL 21369) was grown on Glucose 
Supplemented Fruit Hydrolysates (GSF). FHM 
and SFH showed lower yields of protein biomass 

with values of 51％and 18.45％, respectively. 

 
Figure 3: Effect of supplementation of 
nutrients on protein production in fungal 
biomass 
 
DISCUSSION 

Potato peels produced greater amounts of 
available minerals and carbohydrates, which can 
significantly affect fungal biomass development. 
This type of nutritional configuration has been 
documented to boost biomass production, as 
reported by Lenihan et al. (Lenihan et al. 2010). 
Even though cucumber peels contain a high 
carbohydrate content, they support less biomass 
output. This change was probably because of 

lower minerals in cucumber peels (4.65％) than in 

potato peels (7.85％). Similar findings were also 

recorded previously by Bacha et al. (Bacha et al. 

2011). In addition, cucumber peels had a higher 
content of crude fat, especially limonene 
(antimicrobial), that impedes digestion in microbes 
and ultimately deprives the fungi cells of essential 
nutrients resulting in lower production of biomass 
(Talebnia 2008). The results revealed that when 
Aspergillus parasiticus (NRRL 21369) was grown 
on Glucose Supplemented Fruit Hydrolysates 
(GFH), a higher percentage of protein (61.21%) 
was recorded in fungal biomass, signifying that 
biomass yield can be increased by supplementing 
glucose as a carbon source to the medium. 
Analogous observations of Penicillium expansum 
have been reported by Yakoub and Umar (Khan 

and Dahot 2010). The low protein yield (51.5％) 

obtained from FHM could be due to the restricted 
level of nutrients present for the growth of 
microorganisms, particularly the carbon source. 
These results indicate the significance of 
supplementation to improve the yield of biomass. 

In comparison, the protein content in the 
fermented biomass grown in Supplemented Fruit 
Hydrolysates (SFH) was much lower (18.45% 
only) relative to the content in Fruit Hydrolysates 
Medium (FHM). It was observed that SCP 
production dropped due to nitrogen 
supplementation. Thus, inorganic nitrogen 
supplementation probably has a negative effect 
on Aspergillus parasiticus (NRRL 21369). 

CONCLUSION 
In conclusion, we can use single-cell protein 

produced through solid-state fermentation of 
waste peels (potato and cucumber) by Aspergillus 
parasiticus (NRRL 21369) as a cheaper food 
supplement. Aspergillus parasiticus (NRRL 
21369) can grow on potato and cucumber peels 
irrespective of supplementation using inorganic 
nitrogen and carbon, which is helpful since it 
becomes expensive to add inorganic sources to 
produce single-cell protein. Cheaper and more 
practical means to fulfill the food demands of the 
poor community is the need of the hour. In the 
present study, the same was achieved by 
producing single-cell protein by fermentation of 
the potato and cucumber peels, with the potato 
peels yielding higher protein content than 
cucumber peels.The type of substrate and media 
composition play an essential role in the degree of 
production of SCP. Better results can be achieved 
by adding glucose and changing the biochemical 
composition of the medium. We obtained a higher 
yield of SCP in this study by using glucose 
enriched medium. 
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