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ABSTRACT. Proteins are the most important nutrients required in daily life for the healthy nutrition of
humans and animals. In countries with relatively weak economies and developing countries, health
problems due to inadequate and unbalanced nutrition are exacerbated by the rapidly increasing population.
As aresult of the desire to use alternative protein sources containing protein close to animal sources in food
and feed, it has been focused on the production of single-cell protein (SCP). SCP is a biomass product
formed by microorganisms grown under optimal conditions in the medium. Some of the microorganisms,
used as an SCP source, can grow using waste materials as carbon or energy source. At the end of this
bioprocess, the SCP is obtained by eliminating the environmental pollutant. The SCP may be originated
from algae, bacteria, or fungi. SCP prepared by the large-scale production of yeasts or fungi are called
mycoproteins. This study aims to investigate the possibility of economically producing SCP (mycoprotein)
using molasses, which is sugar beet factory waste. For this purpose, Saccharomyces cerevisiae, which is a
wild species, and molasses produced by sugar mill production were used. The effect of parameters such as
pH, amount of sucrose, temperature, and amount of inoculum required for mycoprotein production was
examined. According to the results of this study, the necessary conditions for the best mycoprotein
production in molasses medium were determined as pH 6 at 30°C, and single-cell protein production was
provided in a low-cost way. The augmentation in the microbial SCP production was calculated as 100% at
determining optimal conditions. The results obtained from this study contribute to the solution of the
increasing nutritional need problem, which is one of the most important problems of our world.
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INTRODUCTION

In today's world, improvements have been made in agricultural production around the
world to meet the meat needs of the rapidly increasing population. Universal food
production doubles with a 10% increase in agricultural land use [1]. With this strategy,
changes in living standards, famine, population pressure, and urbanization affect human
nutrition and health very effectively [2]. The food industry has an important place in terms
of local and universal environmental impact and resource use [3]. Many studies are
showing the effects of food production on the loss of biodiversity and the deterioration of
the ecosystem [4, 5]. It has been reported that 70-85% of water pollution is caused by
human activity as a result of agricultural activities [6]. Moreover, 30% of the greenhouse
effect comes from the agricultural production sector, of which more than half is associated
with meat production [6].
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The world population reaching 9 billion by the middle of this century is putting extra
pressure on the food system [7]. For these reasons, it poses a risk in terms of future food
and food safety, and as a result, it is expected that public health will be affected. The
problems that arise as a result of not providing food safety not only create environmental
problems but also cause serious health problems [8]. The World Food and Agriculture
Organization (FAO) stated that the definition of primitive smart agriculture consists of
the concepts of combating climate change while trying to ensure food safety, and stated
that this can be achieved with a diet that reduces the need for meat [1]. Livestock
production causes extensive land use, land degradation, and afforestation, as well as
abundant methane emissions [1]. For this reason, the production of foods that provide
similar nutritional benefits to meat and are less harmful to the environment has gained
importance. Products that overlap with these definitions are known as meat analogs or
meat alternatives [9] and can be products of vegetables (such as soy and beans), animal
(such as milk and kidney), or microbial (such as mycoprotein or single-cell protein)
products [6]. In addition to these, in recent years, ethical and environmental concerns
have been encouraging the production of meat-like products and causing growth in
market share [7], which is expected to increase to six billion dollars in 2022 [10]. The
most important reason for the tendency to meat-like products is that these products can
meet the nutritional benefits that meat can provide.

Many published studies have proven that red meat consumption increases the mortality
rate [11, 12]. On the other hand, the suggestion of not using meat in the diet is also
discussed [13]. Elzerman et al. (2011) showed in the results of their study that there is no
problem in using meat-like food instead of meat in the diet of non-vegetarians if it is
compatible with the meat content [14]. Accordingly, while the smell or taste of the meat
alternative product does not need to be similar to meat, its appearance should resemble
meat. In this case, the meat alternative product obtained from single-cell protein (SCP) is
a more realistic approach than the protein-rich plants. Because according to consumer
reviews, SCP resembles meat [15]. Most of the organisms such as algae, bacteria, and
fungi are used to produce SCP.

Myecoproteins are foods with high protein content obtained from fungal biomass (SCP
of Fungi) that can be consumed by humans. It has been reported that many edible
mushroom species in the fungal kingdom contribute to human nutrition in terms of both
taste and nutritional value [16]. On the other hand, there are limited studies on its use as
a meat substitute in terms of protein content. Some studies indicate that it is important for
mushrooms to be consumed by both animals and humans as protein foods due to their
rapid development and richness in protein content [17].

Yeasts in the fungal kingdom have been used as animal feed additives in agricultural
studies for many years due to their high vitamin B12 content. Today, it has been
determined that yeasts, whose nutritional value is determined to be more than 50%
protein, can be used as a protein source in both animal and human nutrition under the
name of mycoprotein. Among the yeasts recommended as SCP sources, there is S.
cerevisiae, S. fragilis, S. pasteurianus, Torulopsis utilis, Brettanomyces, Candida
tropicalis, C. utilis, C. lipolytica, C. maltosa, and C. intermedia species [18]. In
commercial production, Candida utilis species, which is commonly called "Torula yeast',
is used as Torulopsis utilis. Reducing the production cost of mycoproteins encourages
consumers to use cheaper protein source foods as meat alternatives. In addition, a more
suitable meat alternative can be produced both in terms of health and the environment.
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For this purpose, the use of some industrial wastes for SCP production has been suggested
in some recent studies [19].

In the literature, there are studies on the usability of cellulosic waste [20], paper waste
[21], sulphite waste liquid [22], and lignin waste [19] for SCP production. Gao et al.
(2011) [23] used the soybean waste molasses in the production of Candida tropicalis
species and suggested a successful SCP production method. Different fungi and yeast
strains for SCP production have been studied in the literature. However, the studies on
the determination and optimization of the capacity of these species to be a source of SCP
in the medium using molasses as a cheap medium component are limited. This study aims
to determine the optimal conditions for SCP production with the yeast Saccharomyces
cerevisiae using molasses, a waste product of the Sugar Factory. For this purpose, the
effects of pH, inoculation amount, temperature, and the amount of sucrose on SCP
production by using molasses, which is suggested as a cheap food source, were
investigated. The results indicated that appropriate and easy production ways are being
reached to meet the increasing nutritional needs of the increasing population around the
world.

MATERIALS AND METHODS

Microorganism

In this study, Saccharomyces cerevisiae, which belongs to the Ascomycetes class, was
used as the SCP resource. The species was taken from Ankara University Science Faculty
Biotechnology Laboratory Culture Collection.

Culture Conditions

Molasses, which was sugarcane residue, was used as an inexpensive substrate for
microbial growth, and the content of the molasses medium was explained in [24]. In this
study, molasses obtained from Eskisehir Sugar Factory for previous studies were used.

Activation of yeast cells

S. cerevisiae (+ 4°C) was stocked in the refrigerator inoculated into a Sabouraud
dextrose broth medium and activated for 24 hours at 25°C. Activated yeast cells were
inoculated into the molasses medium and the yeast was acclimated to the molasses
medium. This process was repeated two times.

Single Cell Protein (SCP) Production

Molasses medium containing sucrose was used for SCP production. The activated S.
cerevisiae yeast was inoculated into the molasses medium, and the culture was incubated.
The microbial growth was determined spectrophotometrically. The 1 ml samples were
taken from the culture medium and measured at 600 nm. The increment of the optical
density of the samples showed microbial growth and was also accepted as SCP
production.

At the end of the incubation period, the concentration of microbial biomass
concentration formed in the test tubes was determined and the percentage of microbial
growth was calculated with Equation 1.

% B (The percentage increase in biomass) = Ci- C¢/C;i
Eqgn. 1
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In this equation; C; (mg/L) is the initial biomass concentration and Cs (mg/L) is the
final biomass concentration.

Optimization of SCP Production

Optimization experiments were carried out to determine the best SCP production
working conditions. For this, sucrose concentration (10, 20, and 40 g/L), optimum
temperature (25, 30 and 35°C), appropriate pH (3, 6, and 9), and optimal initial inoculum
amount (1, 2 and, 4 %) were used to determine the conditions under which the best
production of SCP takes place. The optimization studies were carried out in 250 mL flaks
containing 100 mL molasses medium.

RESULTS AND DISCUSSION

Determining the Optimal pH Level

pH is one of the important factors affecting mycoprotein production. Since the medium
pH affecting cell division has a role in biomass augment. To determine the optimal pH,
the pHs of the media was adjusted to 4, 5 and, 6. Among these values, the optimal pH
was determined in the production of mycoprotein. The most appropriate pH for
mycoprotein production was determined as pH 6 (Fig.1).
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Fig. 1. The effect of pH on mycoprotein production

Determination of Optimal Inoculation Amount

The amount of microorganisms inoculated to the medium is another important factor
affecting the rate of mycoprotein production. To determine the optimal inoculation
amount, the molasses medium was prepared at pH 6. The variety of inoculation amounts
were examined as 1%, 2%, and 4%. The most suitable inoculation was determined in the
production of mycoprotein. Figure 2 shows the effect of the inoculation amount. The
increment of the amount of inoculum increased microbial growth [25] and, also
mycoprotein production. As seen in Fig. 2, the increasing inoculation amount resulted in
the augmentation of microbial growth, and the optimal inoculation amount was
determined as 4%.
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Fig. 2. The effect of inoculation amount on mycoprotein production

Determination of Optimal Temperature

To investigate the optimal temperature, the effect of different temperature values such
as 25, 30, and 35°C were tested. Among these values, the most suitable temperature was
determined. Previously, it was reported that the optimal temperature for mycoprotein
production was 28- 30 [26]. Similarly in this study, the optimum temperature for
mycoprotein production was determined as 30°C (Fig.3).
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Fig. 3. The effect of temperature on mycoprotein production

Determination of the Optimal Sucrose Concentration

To determine the optimal sucrose concentration, the concentration of sucrose in the
molasses medium was adjusted as 10, 20, and 40 g/L. Determination of the optimal
sucrose concentration is given in Figure 4. Augmentation of carbon source dosages
caused an increase in fungal growth [27]. The findings of this study are consistent with
those in the literature. The raising sucrose concentration caused the increase in fungal

biomass (Fig. 4).
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Fig. 4. The effect of sucrose amount (10, 20 and, 40 g/L S) on mycoprotein
production

In this study, it has been demonstrated that SCP can be obtained for use in animal
nutrition by inoculating activated yeast cells on molasses media prepared at different
concentrations. According to the results of the study, the best improvement was seen in
the medium containing 40 g/L sucrose concentration at pH 6 and 30 °C with 4%
inoculation concentration. The maximum increase in the biomass of the yeast was
calculated as 100.00% at optimal conditions (Table 1).

Table 1. The effect of sucrose concentration on the percentage increase in biomass
at optimal conditions

Sucrose
Concentration (g/L) B%
10 99.93
20 99.96
40 100.00

CONCLUSIONS

SCP provides a lot of opportunities for meeting the protein needs of living things for
the future. To meet the rapidly increasing needs of the world population, the production
of single-cell protein takes place based on the necessity of finding conventional protein
sources. The micro-organisms used as a single-cell protein source can also reproduce by
using waste materials that will cause environmental pollution as a substrate source, then
both environmental pollution is eliminated and protein for the elimination of hunger
problem is obtained.

SCP is of such great importance for all living things, it should be preferred because its
production has a low-cost way, and studies should be carried out to obtain SCP by using
different organic wastes. SCP has advantages that will provide unlimited opportunities in
meeting the protein needs of living things in the future. In this study, the usability of
molasses in SCP production has been demonstrated. As a result, the use of molasses in
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SCP production will both contribute to the economy, and environmental pollution will be
prevented by using molasses, which is sugar factory waste.

REFERENCES

[1]
(2]

(3]

[4]

(5]

(6]

[7]

(8]

[9]

[10]

[11]

[12]

[13]

FAO (2010) ‘Climate-smart’agriculture: Policies, practices and financing for food security,
adaptation and mitigation. Food and Agriculture Organization, Rome

Augustin, M.A., Riley, M., Stockmann, R., Bennett, L., Kahl, A., Lockett, T., Osmond, M.,
Sanguansri, P., Stonehouse, W., Zajac, 1., Cobiac, L. (2016): Role of food processing in
food and nutrition security. Trends Food Sci Technol 56: 115-125.

Congur, G, (2021) Monitoring of glyphosate-DNA interaction and synergistic genotoxic
effect of glyphosate and 2,4-dichlorophenoxyacetic acid using an electrochemical
biosensor. Environmental Pollution 271: 116360.

Tscharntke, T., Clough, Y., Wanger, T.C., Jackson, L., Motzke, I., Perfecto, I.,
Vandermeer, J., Whitbread, A. (2012): Global food security, biodiversity conservation and
the future of agricultural intensification. Biol Conserv 151:53-59.

R606s, E., Sundberg, C., Tidaker, P., Strid, I., Hansson, P-A, (2013) Can carbon footprint
serve as an indicator of the environmental impact of meat production? Ecol Ind 24: 573—
581.

Smetana, S., Aganovic, K., Irmscher, S., Heinz, V. (2018) Agri-food waste streams
utilization for development of more sustainable food substitutes. Designing sustainable
technologies, products and policies: from science to innovation. Springer, Cham, 145-155.
Godfray, H.C.J., Aveyard, P., Garnett, T., Hall, J.W., Key, T.J., Lorimer, J., Pierrehumbert,
R.T., Scarborough, P., Springmann, M., Jebb, S.A. (2018) Meat consumption, health, and
the environment. Science. https ://doi.org/10.1126/scien ce.aam53 24.

Johnston, J.L., Fanzo, J.C., Cogill, B. (2014) Understanding sustainable diets: a descriptive
analysis of the determinants and processes that influence diets and their impact on health.
Food Secur Environ Sustain Adv Nutr 5: 418-429.

Hoek, A.C., Luning, P.A., Weijzen, P., Engels, W., Kok, F.J., de Graaf, C. (2011)
Replacement of meat by meat substitutes. A survey on personand product-related factors
in consumer acceptance. Appetite 56: 662—673.

Ritchie, H., Laird, J., Ritchie, D. (2017) 3f bio: Halving the cost of mycoprotein through
integrated fermentation processes. Ind Biotechnol 13: 29-31.

Pan, A.P., Sun, Q.M.D.S., Bernstein, A.M.M.D.S., Schulze, M.B.D., Manson, J.E.M.D.D.,
Stampfer, M.J.M.D.D., Willett, W.C.M.D.D., Hu, F.B.M.D.P. (2012) Red meat
consumption and mortality: results from 2 prospective cohort studies. Arch Int Med
172:555-563.

Rohrmann, S., Overvad, K., Bueno-de-Mesquita, H.B., Jakobsen, M.U., Egeberg, R.,
Tjenneland, A., Nailler, L., Boutron-Ruault, M-C., Clavel- Chapelon, F., Krogh, V., Palli,
D., Panico, S., Tumino, R., Ricceri, F., Bergmann, M.M., Boeing, H., Li, K., Kaaks, R.,
Khaw, K-T., Wareham, N.J., Crowe, F.L., Key, T.J., Naska, A., Trichopoulou, A.,
Trichopoulos, D., Leenders, M., Peeters, P.H.M., Engeset, D., Parr, C.L., Skeie G., Jakszyn
P., Sanchez M-J. Huerta J.M., Redondo M.L., Barricarte A., Amiano P., Drake I., Sonestedt
E., Hallmans G., Johansson 1., Fedirko V., Romieux I., Ferrari P., Norat T., Vergnaud A.C.,
Riboli E., Linseisen J. (2013) Meat consumption and mortality—results from the European
Prospective Investigation into Cancer and Nutrition. BMC Med 11: 63. https
://doi.org/10.1186/1741-7015-11-63.

Asgar, M.A., Fazilah, A., Huda, N., Bhat, R., Karim, A.A. (2010) Nonmeat protein
alternatives as meat extenders and meat analogs. Compr Rev Food Sci Food Saf 9: 513—
529.

77



[14]

[15]

[16]

[17]
[18]
[19]
[20]
[21]
[22]
[23]

[24]

[25]

[26]

[27]

Giil: The production of single-cell protein from molasses released as aresult of sugar production in the factory

Elzerman, J.E., Hoek, A.C., van Boekel, M.AJ.S., Luning, P.A. (2011) Consumer
acceptance and appropriateness of meat substitutes in a meal context. Food Qual Prefer 22:
233-240.

Raats, J. (2007) Meat (substitutes) comparing environmental impacts. A Case study
comparing Quorn and pork, University of Groningen.

Boland, M.J., Rae, A.N., Vereijken, J.M., Meuwissen, M.P.M., Fischer, A.R.H., van
Boekel, M.A.J.S., Rutherfurd, S.M., Gruppen, H., Moughan, P.J., Hendriks, W.H. (2013)
The future supply of animal-derived protein for human consumption. Trends Food Sci
Technol 29: 62-73.

Anupama Ravindra, P (2000) Value-added food: single cell protein. Biotechnol Adv 18:
459-479.

Katircioglu, H., Aksoz, N. 2003. Single Cell Protein, Orlab On-Line Journal of
Microbiology 1, 8, 34-49.

Spalvins, K., Zihare, L., Blumberga, D. (2018) Single cell protein production from waste
biomass: comparison of various industrial by-products. Energy Procedia 147: 409-418.
Klemm, D., Heublein, B., Fink, H.P., Bohn, A. (2005) Cellulose: Fascinating Biopolymer
and Sustainable Raw Material. Angew. Chem. Int. Ed. 44(22): 3358-93.

Bajpai, P. (2014) Recycling and Deinking of Recovered Paper. London: Elsevier.

Gold, D., Mohagheghi, A., Cooney, C.L., Wang, D.I.C. (1981) Single-Cell Protein
Production from Spent Sulfite Liquor Utilizing Cell-Recycle and Computer Monitoring.
Biotechnology and bioengineering 13:2105-2116.

Gao, Y., Li, D,, Liu, Y. (2011) Production of single cell protein from soy molasses using
Candida tropicalis. Annals of Microbiology 62: 3.

Giil, U.D., Dénmez G. (2012) Effects of Dodecyl Trimethyl Ammonium Bromide
Surfactant on Decolorization of Remazol Blue by a Living Aspergillus versicolor Strain.
Journal of Surfactants and Detergents, 15(6): 797-803.

Jung, D., Liu, B., He, X., Owen, J. S., Liu, L., Yuan, Y., Zhang, W., & He, S. (2021)
Accessing previously uncultured marine microbial resources by a combination of
alternative cultivation methods. Microbial biotechnology, 14(3): 1148-1158.
Bhuaneswari, M., Sivakumar, N. Chapter 11. (2021) Fungi:A potential Future Meat
Substitute, Editors: Dai X., Sharma M., Chen j. Fungi in Sustainable Food Production.
pp:181, Springer, Switzerland.

Najjarzadeh, N., Matsakas, L., Rova, U., Christakopoulos, P. (2021) How Carbon Source
and Degree of Oligosaccharide Polymerization Affect Production of Cellulase-Degrading
Enzymes by Fusarium oxysporum f. sp. lycopersici. Frontiers in Microbiology, 12, 522.

78



