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The role of fat-producing yeasts in reducing food industry waste
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Abstract

Yeasts are widely used as cellular factors in the production of bread and, more recently, various metabolic products such as
vitamins, ethanol, citric acid, and lipids. Lipids synthesized by microorganisms are used in the pharmaceutical industry for
technical purposes or as feed. The ability of the superior microorganism to grow on the xylose and the amount of fat production
in this area were measured under optimal conditions. Xylose is one of the most abundant 5-carbon sugars in nature, and
microorganisms that can grow on it are important. In this paper, the effect of different values of ammonium sulfate concentration,
glucose concentration, temperature, aeration, incubation time, and pH are investigated. The results showed that with increasing
ammonium sulfate concentration, glucose concentration, Incubation time, and pH, values of production of lipids, dry biomass,
and percentage of lipid production by dry weight increased. Also, increasing the values of temperature and aeration has reduced
the mentioned values. Finally, it can be said that the values for the studied parameters are: Concentration 1 g/L for ammonium

sulfate, concentration 100 g/L for glucose, temperature 2 °C, aeration 150 rpm, incubation time 72 h, and pH equal to 6.5.

Keywords: fat-producing microorganisms; microbial oils; food industry waste; xylose.

Practical Application: In the current study, it was aimed to investigate the role of fat-producing yeasts in reducing food industry

waste.

1 Introduction

Less than 5 fat-producing yeasts have been reported to have
the ability to accumulate lipids of more than 25. These genera
can use different carbon sources in the patrol environment and
replace their fatty acids by combining their fat composition.
To change (Wang et al., 2020). Yeasts have advantages over
other fat-producing biological sources, and for example, their
doubling time is usually less than an hour (Zhao et al., 2020).
Plants are less affected by the season and climatic conditions,
and their cultivation increases easily compared to algae.

Due to the diversity of microorganisms and growth conditions,
fat-producing yeasts can be good sources for the production of
triglycerides, surfactants, or unsaturated fatty acids (Xiong et al.,
2020). This is important in producing unsaturated fatty acids for
medicinal purposes or fortifying foods such as infant equations

(Yun etal., 2020). These unsaturated fatty acids have significant
effects on human health; for example, linolenic acid reduces the
incidence of heart disease, improves cancer, obesity, diabetes,
and atherosclerosis, stimulates bone formation, and lowers blood
cholesterol (Wang et al., 2019; Hyun et al., 2021).

Docosahexaenoic acid is also a precursor to important
signal molecules such as prostaglandins and eicosanoids.
Lipid accumulation in fat-producing microorganisms occurs
with cell starvation of nitrogen or other nutrients other than
cranes such as phosphorus, zinc, iron, or manganese (Pini et al.,
2020). The formation of lipid particles begins at the end of the
logarithmic phase and continues through the dormant phase
until the cranial medium begins to coagulate. In this way, lipid
production in the non-crane medium occurs in a two-step
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process. In the first stage, the cells increase and end with the
consumption of food and its. In the second phase, an excess
amount of ions is converted to intracellular lipid stores. In the
absence of nitrogen, fat-producing and non-fat-producing
strains continue to absorb the crane, but only fat-producing
organisms metabolize it and increase the cellular ATP/AMP
ratio. They give existing cells, or the growth of lipid particles
becomes larger (Pérez-Ortiz et al., 2019).

In non-productive yeasts, the excess crane remains unused
or converted to a polysaccharide, while in fat-producing species,
it converts to lipid and accumulates as tri acyl glycerol (TAG) in
intracellular lipid bodies (Zhou et al., 2019). Phosphorus restriction
can also play a role in the production of more lipids. When
nitrogen is low in the environment, nicotine activity decreases.
The metabolic pathway is altered, protein synthesis is stopped,
and lipid accumulation is activated. Europa lipolytica differs
from cherry-producing yeasts in biological and biotechnological
applications. This microorganism is known as a model in the
study of physiology, genetics, dimorphism, gene manipulation,
gene expression, and lipid accumulation. This yeast differs in its
ability to grow on different types of lipid-rich substrates such
as dairy and meat products (Leone et al., 2019). This ability has
led to the use of this yeast in the industrial production of SCO
(cell oil single) or in the production of dietary supplements
rich in fatty acids. Europa is a model organism for studying
lipid consumption within adipocytes because not only does
it have the ability to accumulate lipids in lipid particles, but
the structure of this yeast cell is similar to that of eukaryotic
adipocytes (Huang et al., 2021).

This yeast tends to break down its lipid accumulation.
Even when fatty substrates are rich in stearic acid in the
environment, it still tends to break down their lipid accumulation.
Microorganisms that dazzle more than 20% of their biomass
as lipids are identified as fat-producing strains, although most
microorganisms accumulate a small percentage of their canvas
as lipids under very appropriate conditions. Fatty residual
microorganisms have the potential to be a happy substitute for
vegetable oils because microbial lipids are usually in the form
of triacylglycerol. Due to the abundance of lignocellulosic
compounds in nature that contain carbohydrates, a good way
to use natural carbohydrates as an undesirable source is to use
micronutrients with a carbohydrate structure (Wu et al., 2020).

Biodiesel is one of the biofuels that has received a lot of
attention in recent years due to its renewability, degradability,
and less environmental pollution. Resources currently used
to produce biodiesel include oilseeds, animal fats, and edible
oil residues that do not meet the needs of human societies
(Andrade et al., 2012). The cost of biodiesel production, most
of which is related to raw materials, is one of the challenges that
has limited the production of this product. Finding a solution
to reduce the price of this product is being studied by many
researchers (Dai et al., 2007). Microbial oils have the potential
to be converted to biodiesel, and due to the advantages such as
short production cycle time and ineffectiveness of seasons and
climatic conditions, and also the ease of industrial production has
been considered (Silva et al., 2011). Among the microorganisms,
yeasts are an unsuitable suitable candidate for industrial

production of biodiesel due to their advantages, such as growth
rate and lipid content (He et al., 2010). Microorganisms that
have a lipid accumulation capacity of more than 20% of their
dry cell weight are called fat-producing (Li et al., 2007). The use
of methods that can quickly and easily study the production
conditions and growth of microorganisms in culture media is
essential to control the production of biotechnology products
(Urbina-Suarez et al., 2021).

Thus, using microbial oils, many valuable materials can be
obtained in a short time and at an appropriate price. For example,
the production of cocoa butter has recently been hampered by
the decline of the cocoa plant, which has led to an increase in its
price. However, fat-producing microorganisms have significant
potential in producing oil as a substitute for cocoa butter.
The lipid composition of cocoa butter is very interesting because
it contains equal amounts of palmitic acid and oleic acid. This
compound is rarely found in nature, but there are yeasts that
can produce two traces similar to cocoa butter. Fat-producing
yeasts have benefits for producing lipids over other microbial
sources. For example, their doubling time is usually less than an
hour, they are less affected by seasonal and climatic conditions
than plants, and their cultivation increases easily compared to
algae. Another advantage is that they can use different sources
of fats in the culture medium. So they can change their fat
composition by replacing the fatty acids in the environment.
Due to the diversity of microorganisms and growth conditions,
fat-producing yeasts can be a good source for the production
of wind triglycerides, surfactants, and unsaturated fatty acids.
Itis used in the production of certain unsaturated fatty acids for
medicinal purposes or to enrich foods such as infant formula.

High levels of 16 and 18 carbon unsaturated fatty acids
are of great nutritional importance. These fatty acids include
linolenic acid, alpha-linolenic acid, gamma-linoleic acid, oleic
acid, camouflage of being acid, palmitic acid, meristic acid,
arachidonic acid, eicosapentaenoic acid, docosapentaenoic acid,
and deoxycholic acid. Delta 12 and delta 15 desaturase enzymes
with the ability to produce linoleic acid and gamma-linolenic acid
are not present in humans and animals. That is why these two
fatty acids are among the essential fatty acids of some humans
and animals. Inadequate nutrition in this area can affect the
development of the visual system and even.

Microbial oils can be produced on a very large scale, more
than 220 cubic meters. These oils are inherently safe and have
passed all toxicity tests. It is accepted by all the people who use
it, and no reactions against it have been reported in any way.
There is no particular problem in oil extraction, and the oil can
be refined. These oils are particularly resistant to oxidation,
which is probably due to their natural internal antioxidants, as
microbial oils with long-chain unsaturated fatty acids are used
as food. Their safety in infant feeding has been investigated
(Odai et al., 2019).

This oil must be obtained from non-pathogenic and non-
contaminated microorganisms. Studies have shown that the use
of microbial oil is as safe as the use of sunflower oil. The use
of animals such as fish as a source of unsaturated fatty acids
has limitations such as low and complex fatty acid content,
the presence of viruses and prions in it, concerns about their
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depletion, and concerns about accumulation. Contaminants
such as heavy metals from marine environments in fish water
follow. These cases, along with the availability of inexpensive
substrates obtained from agricultural wastes, have led to more
attention being paid to microbial oil or single-call oil. This is
in a situation where many agricultural wastes are burned and
lead to environmental pollution, and these roads signal bright
horizons in the not too distant future.

2 Material and methods

This section describes how to prepare the laboratory
environment and the values of the desired parameters.

2.1 Inoculum preparation

For this purpose, yeast strains are first cultured on YPD for
two days. It is then transferred to a 100 mL Erlenmeyer flask
containing 20 mL of pre-production medium. This environment
has 15 g/L glucose and 0.5 g/L yeast extract with pH 5, placed
at 30 °C and 150 rpm for 48 hours (Pan et al., 2009).

2.2 Preparation of production environment

5mL of inoculum is combined with 45 mL of the production
medium in 250 mL Erlenmeyer medium; this medium contains
50 g/L of glucose and 1 g/L of yeast extract with pH 6, for 96 hours
at 30 °C and 180 rpm.

2.3 Determination of lipid and ion cell biomass

In order to determine the amount of lipids, extracellular lipids
are extracted by Bligh and Dyer method. For this purpose, 50 mL
of the production medium sample is centrifuged at 5000 rpm for
15 minutes. Then wash the obtained biomass twice with distilled
water. Then add 10 mL of HCL in 4 mL to the desired sample
and put it at 60 °C for 2 hours. Then add 20 mL of methanol-
chloroform (1:1) to the acid hydrolyzed mass and allow to stand
for 2 to 3 hours. Then we separate the upper and lower organic
phases with aqueous centrifuges, separate the lower organic
phase with the help of a pasteurizer pipette and separate the
organic phase with a vacuum. The dry weight obtained shows
the amount of lipid produced. In order to determine the dry
cell biomass, 5 mL of the production medium at 5000 rpm for
20 minutes, after washing with water for two times, at 60 °C,
until it reaches a constant weight and dries, was centrifuged.

2.4 Different values of the studied parameters

The effect of ammonium sulfate at concentrations of 0.5, 1,
and 1.5 g/L on lipid production was measured. Effect of carbon
source concentration (glucose) glucose concentration was changed

Table 1. Effect of different values of ammonium sulfate concentration.

to 50, 75, and 100 g/L, and the amount of lipid production in
each concentration was investigated. Temperatures of 20 and
30 °C were also measured. Aeration was evaluated at 150 and
200 rpm. The incubation time was measured at 24, 48, 72, and
96 hours. PHs of 5, 5.5, 6, and 6.5 were measured to evaluate
lipid content.

3 Results and discussion

In this section, the effect of different values of ammonium
sulfate concentration, glucose concentration, temperature,
aeration, incubation time, and pH on values of production of
lipids, dry biomass, and percentage of lipid production by dry
weigh is investigated.

3.1 Effect of ammonium sulfate concentration

The results for different values of ammonium sulfate concentration
are presented in Table 1. According to the table, the values of
lipids, dry biomass, and percentage of lipid production by dry
weight have increased with increasing concentration. Increasing
the concentration from 0.5 to 1 g/L, the values of production of
lipids, dry biomass, and percentage of lipid production by dry
weigh increased by 9.95, 1, and 11.07%, respectively, and with
increasing the concentration from 1 to 1.5 g/L, the mentioned
values have decreased by 7.17, 10.05 and 2.16%, respectively.

3.2 Effect of glucose concentration

The results for different values of glucose concentration are
presented in Table 2. According to the table, with increasing
the concentration of glucose, from 50 to 75 g/L, the values
of production of lipids, dry biomass, and percentage of lipid
production by dry weight have increased by 25.82, 8.74, and
15.69%, respectively. Also, with increasing the concentration from
75 to 100 g/L, the values of production of lipids and percentage
of lipid production by dry weight decreased by 8.21, 9.62%,
respectively, and the value of dry biomass increased by 1.6%.

3.3 Effect of different temperature values

The results for temperatures 20 and 30 °C are presented in
Table 3. According to the table, the values of lipids, dry biomass,
and percentage of lipid production by dry weight have decreased
with increasing temperature. With increasing temperature from
20to 30 °C, the mentioned values have decreased by 23.66, 18.94,
and 5.83%, respectively.

3.4 Effect of different aeration values

The results for different amounts of aeration are presented
in Table 4. According to the table, with increasing the amount

Ammonium sulfate concentration Production of lipi ds (g /L)

Dry biomass (g/L) Percentage of lipid production by

(g/L) dry weight
0.5 7.74 18.72 40.93
1 8.51 18.91 45.46
1.5 7.9 17.01 46.44
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of aeration, the values of production of lipids, dry biomass, and
percentage of lipid production by dry weight have decreased.
With increasing the amount of aeration from 150 to 200 rpm,
the mentioned values have decreased by 13.85, 1.45, and 12.57%,
respectively.

3.5 Effect of different incubation time values

The results for the different values of incubation time are
presented in Table 5. According to the table, with increasing the
value of incubation time from 24 to 72 h, the values of production
of lipids, dry biomass, and percentage of lipid production by
dry weigh have increased equal to 98.9, 82.48, and 14.68%,
respectively. Also, with increasing incubation time from 72 to

Table 2. Effect of different values of glucose concentration.

96 h, the mentioned values have decreased by 10.21, 11.23, and
0.39%, respectively.

3.6 Effect of different pH values

The results for different pH values are presented in Table 6.
According to the table, increasing the pH value has increased
the values of production of lipids, dry biomass, and percentage
oflipid production by dry weight. With increasing the pH value
from 5 to 6.5, the mentioned values have increased equal to
10.77, 4.32, and 6.6%, respectively.

Finally, it can be said that the values for the studied
parameters are: Concentration 1 g/L for ammonium sulfate,

Glucose concentration (g/L) Production of lipids (g/L)

Dry biomass (g/L) Percentage of lipid production by

dry weight
50 6.39 16.71 38.24
75 8.04 18.17 44.24
100 7.38 18.46 39.98
Table 3. Effect of different temperature values.
o . - . Percentage of lipid production by
Temperature (°C) Production of lipids (g/L) Dry biomass (g/L) dry weight
20 9.13 19.64 46.49
30 6.97 15.92 43.78
Table 4. Effect of different aeration values.
. . - . Percentage of lipid production by
Aeration (rpm) Production of lipids (g/L) Dry biomass (g/L) dry weight
150 9.1 17.23 52.81
200 7.84 16.98 46.17
Table 5. Effect of different incubation time values.
L . . . Percentage of lipid production by
Incubation time (h) Production of lipids (g/L) Dry biomass (g/L) dry weight
24 4.53 9.42 48.09
48 6.62 13.22 50.08
72 9.01 17.19 55.15
96 8.09 15.26 53.01
Table 6. Effect of different pH values.
. - . Percentage of lipid production by
PH Production of lipids (g/L) Dry biomass (g/L) dry weight
5 9.47 17.36 54.33
5.5 9.62 17.43 55.41
6 9.88 17.69 55.85
6.5 10.49 18.11 57.92
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concentration 100 g/L for glucose, temperature 2 °C, aeration
150 rpm, incubation time 72 h, and pH equal to 6.5.

4 Conclusion

According to the results, the fat-producing yeast Cryptococcus
Albidus has a high ability to produce microbial oil. This, along
with the ability of this yeast to use a source of nylon and, in
addition to the use of agricultural waste, makes it more important.
The results showed that with increasing ammonium sulfate
concentration, glucose concentration, Incubation time, and pH,
values of extraction of lipids, dry biomass, and percentage of
lipid production by dry weight increased. Also, increasing the
values of temperature and aeration has reduced the mentioned
values. Finally, the results express indicate the high potential of
this yeast for use in industrial applications.
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