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Dried cells of microorganisms such as fungi, algae, and bacteria, known as Single-Cell Proteins
(SCPs), are utilized as a source of protein supplements in animal feed or human food. These
SCPs can be produced through the use of low-cost feedstocks and waste materials as sources
of carbon and energy, which can be converted into biomass and concentrated proteins.
Objective: To optimize the yield and growth of dry cell biomass through the manipulation of
fermentation conditions. Methods: A batch fermentation process was used to produce dry cell
biomass from a microorganism. Different pH values, fermentation times, and reactor
configurations were tested, and the resulting biomass was analyzed for its protein content.
Results: The maximumyield of dry cellbiomass was achieved at pH 4.5, with ayield of 1.951g/100
ml. The maximum dry biomass was achieved after 72 hours of fermentation, with ayield of 2.824
g/100 ml. The maximum yield of dry biomass was achieved with an Airlift fermenter at an
aeration rate of 1.0 vvm and a temperature of 35°C for 72 hours, resulting in a yield of 5.452 g/L.
The protein content of the dried cell biomass was found to be in the range of 45-55%.
Conclusions: This study demonstrates that the yield and growth of dry cell biomass can be
optimized by controlling the fermentation conditions, specifically pH, fermentation time, and
reactor configuration. These findings may have implications for the industrial-scale production
of dry cellbiomass, asthey offerinsightinto how to maximize yieldand protein content.
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INTRODUCTION

Developing countries can expand their economies by
converting low-cost industrial and agricultural waste into
valuable products using emerging scientific approaches
[1]. Potato peel waste, which is generated due to increased
consumption of manufactured edible potato products, can
be converted into value-added compounds such as
enzymes, biosorbents, biohydrogen, and biogas [2]. The
global population is expected to reach 9.3 billion by 2050,
and an increase in the standard of living will cause a 50%
hike in protein demand and a 102 % rise in demand for meat
products [3]. Researchers all over the world are making
efforts to control these issues by making technological
progress [4]. One of the most beneficial approaches for
protein productionis the production of single-cell proteins
(SCPs) from agricultural waste sources through
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fermentation [5]. SCPs are dried cells of microorganisms
such as fungi, algae, and bacteria that are used as protein
supplements in human foods or animal feeds [6]. By using
cheap feedstock and waste products as a source of carbon
and energy, microorganisms can produce biomass and
protein concentrates [7]. Potatoes are one of the most
important components of human nutrition and are
produced in large quantities worldwide. Substantial
amounts of potato waste are created due toitsbroadusein
different food industries [8]. Potato peel waste, which
accounts for 15-40% of the total weight of potatoes
dependingonthe peeling processused, haszeroworthasa
by-product of potato-processing industries [9]. Potato
peel waste can be utilized as an antioxidant in the food
chain due to its large phenol content, partial flour
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substitute, and as a solid substrate in fermentation [10].
"Green chemistry" techniques can be used to extract
polyphenols from potato peels, which can have both
environmental and economic benefits [8]. However,
further research is necessary to improve processinglines,
including the investment of capital, use of energy, yield,
nature of solvent, and integration, to produce cost-
effective productsat theindustriallevel[11].

METHODS

The process of fermentation was carried out in mix broth
with different pH and fermentation time intervals to
determine the effect of these factors on the production of
SCP. The effect of different pH levels on the growth of
single cell biomass was investigated by adjusting the pH of
growth media at 4.5, 5, 5.5, 6, and 6.5. All the flasks were
then plugged and autoclaved at 121 °C for 15 minutes.
Afterward these flasks were inoculated by addinginoculum
at 2% v/vandincubated at 35 °C for 3 days. After three days
the biomass was harvested and dried for further study. All
the experiments were carried out in triplicates. To study
the influence of fermentation time period on the cell
biomass growth, seven flasks of growth media were
prepared and adjusted their pHat 5.5 with IM HCI/ TM NaOH.
These media were then autoclaved for 15 minutes at 121°C
and inoculated with 2 ml of inoculum prepared from
Rhizopus oligosporous subcultures. These media were
incubatedat 35°Cfor furtherstudy. The biomassfromeach
flask was collected after the gap of 24 hours for
subsequent seven days through the process of filtration
and both wet as well as dry weight of biomass was
measured each time. All the experiments were carried out
in triplicates. For determination of reducing sugars
Benedict's quantitative test was used [12]. The crude
protein of single cell protein was determined by the
Kjeldhal procedure [13]. The total protein in the growth
mediawas estimated by following the Lowrey method[14].

RESULTS

Different pH values (4.5, 5, 5.5, 8, 6.5) of fermented media
were investigated to obtain best yield of Rhizopus
oligosporous biomass. The results mentioned in Table 1,
showed that best gauntity of dry biomass (1.048 g/100 ml)
was yielded at pH of 5.5. The total crude protein produced
was 45-55 %. The statistical analysis confirmed that the
results of yield of dry biomass were significantly different
at 4.5 pH(p < 0.001). The clustered bar graph respresnting
the total dry biomass, biomass yield and consumed sugar
of mixmediaatdifferent pHwasshowninFigure1.

PBMJ VOL. 6 Issue. 2 February 2023 Copyright ® 2023. PBMJ, Published by Crosslinks International Publishers
Bv This work is licensed under a Creative Commons Attribution 4.0 International License.

DOI: https://doi.org/10.54393/pbmj.v6i02.848

Nitrogen Dry bioomass Consunled Biomass yield
Sources (%) sugar (%) (9/9)
Mean +SD Mean +SD Mean + SD
1. 4.5 1.95°+0.004 [2.77°+£0.004| 0.717°+0.004
2.5 1.01°£0.015 | 2.81°+0.003 | 0.36°+0.006
3.15.5 1.05°+0.007 |2.88°+0.005| 0.36° + 0.004
4. |6 0.71°+0.006 |2.72°+0.009 | 0.26° + 0.005
5.16.5 0.90°+0.012 {2.86°+0.005| 0.31°+ 0.005.
Significance level (35%)| p<0.001

Meansthatdonotsharealetteraresignificantly different
Table 1: Effect of different pH value on the biomass growth
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Figure1: Effect of different pH levels on the total production of dry
cellbiomassandtotal sugar consumed in media

Seven flasks of mix media were inoculated to study the
effect of different time periods on the process of
fermentation. The biomass was harvested from each flask
after 24 hourstimeintervals. The results of bioproteinyield
obtained from different time period was shown in Table 2.
The maximum dry biomass (2.824 g/100 ml) was obtained
after three days of fermentation. The statistical study
showed that dry cell biomass yield was significantly
differenet at different time period (p < 0.001). The crude
protein production after third day was not significantly
different. The clustered bar graph respresnting the total
dry biomass, biomass yield and consumed sugar of each
medium was shown in Figure 2, while the variation in total
crude protein content with respect to fermentation time
period was depictedinFigure 3.

Dry biomass Consumed Biomass yield

Nitrogen

Sources

(%)
Mean +SD

sugar (%)
Mean + SD

(C10))
Mean £ SD

0.26g +0.013 0.79d £ 0.019 |0.33d + 0.004|23.67c + 0.501
2 [0.48f £0.004 1.48c +0.004 |0.33d + 0.008| 36.37b +0.39
3 |2.82a+0.004 2.34b +0.007 [1.21a £ 0.005 [ 50.2Ta + 0.615
4 (1.28b + 0.006 3.00a+0.006 [0.43b +0.009|50.32a + 0.142
5 [1.16c + 0.008 3.00a+0.009 [0.39¢ + 0.007(50.37a + 0.072
6 [1.02d £ 0.013 3.00a+ 0.006 [0.34d + 0.005[50.40a + 0.043]
7 |0.98e +0.026 3.00a+ 0.005 [0.33d + 0.007|50.45a + 0.046]

Significance level (35%)| P <0.001

Means that do not share a letter are significantly different in a
column
Table 2: Effect of different fermentation periods on SCP
production
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Figure 2: Effect of fermentation time period on the total dry cell
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Figure 3: Crude proteinvariation withrespect to the fermentation
time period

DISCUSSION

The aim of this study was to investigate the effect of
different pH values and fermentation time periods on the
production of biomass. The study found that the best yield
of dry biomass was obtained at pH 5.5, with a total crude
protein produced ranging from 45-55%. The highest yield
of dry biomass was achieved after three days of
fermentation, with no significant difference in crude
protein production after this point. The results of this study
are consistent with previous research on the effect of pH
on microbial growth. For example, a study by Qin et al.,
found that the optimal pH for mycelial growth of Rhizopus
nigricans was 5.5[15]. Similarly, a study by Dinarvand et al.,
reported that the maximum biomass production of
Aspergillus niger was obtained at pH 5.5[16]. The findings
regarding the effect of fermentation time on biomass
production are also consistent with prior research. For
example, a study by Carboue et al., (2012) found that the
maximum biomass production of Rhizopus oryzae was
achieved after three days of fermentation[17]. Similarly, a
study by Zhu et al., reported that the highest biomass yield
of Panus conchatus was obtained after three days of
fermentation [18]. However, the study did not investigate
the effect of factors such as temperature or substrate
concentration on biomass production, which could be
important to consider in future research. Overall, the
findings of this study suggest that pH and fermentation
time are important factors to consider in the production of
biomass. By optimizing these parameters, it may be
possible to increase the yield of biomass and reduce the
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cost of protein-rich meals used as feed for animals, while
minimizing environmental pollution[19,20].

CONCLUSIONS

This research investigated various factors that impact the
production of biomass from potato peels. Potato peels are
a valuable substrate for producing single cell protein
because they contain essential nutrients like sugar that
microorganisms need to survive. To increase the yield of
dry cell biomass, nitrogen can be added to the basic media.
Moreover, using single cell protein from less expensive
agro-industrial sources to feed animals can lower the cost
of protein-rich animal feed, reduce waste, and decrease
environmental pollution. Compared to traditional
agricultural protein sources, single cell proteins offer a
superioralternative.
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