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Abstract
The widespread use and circulation of industrial emulsifiers pose significant
health risks, compounded by their limited availability and high cost. Conse-
quently, there is growing interest in exploring the potential of natural sources,
such as microorganisms like yeast, for emulsifier production. In this study, 25
strains of Saccharomyces cerevisiae were isolated from 17 distinct local sour-
ces. The yeasts were characterized based on cell shape, size, and colony
morphology using yeast malt agar, followed by morphological, microscopic,
and biochemical analyzes. Among the isolates, AC1 from a vinegar starter
demonstrated superior bioemulsifier production. Emulsification efficiency tests
revealed that AC1 exhibited values of 7.1 cm, 0.71 nm, and 34.50%, out-
performing other isolates. The biomass yield was approximately 4.35 g/L. This
strain was registered in the gene bank as JZT351 (OR115510) after a 100%
match with S. cerevisiae. Optimal bioemulsifier production conditions for
JZT351 were identified using a liquid yeast extract peptone dextrose medium,
with date juice replacing 75% of the glucose, at pH 5.5, 30°C, and 72 h. The
resulting emulsification activity, index, and oil displacement were 8.69 cm,
0.95 nm, and 39.7%, respectively. Fourier‐transform infrared spectroscopy
(FTIR) compared the functional groups of the bioemulsifier with those of
conventional emulsifiers. Molecular characterization was confirmed by 1H
NMR. FTIR spectra revealed bioemulsifier bands at 3443.28, 2929.34,
1656.559, 1534.09, 807.06, and 1656.55 cm−1. At 0.5–5 ppm, signals and
spectral frequencies corresponded to a mannoprotein structure. The bioe-
mulsifier exhibited 58.09% antioxidant activity at 10 mg/mL, as assessed by
DPPH scavenging. It showed the highest inhibition against Pseudomonas
aeruginosa and the least against Candida albicans.
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1 | INTRODUCTION

An emulsion is a system in which one immiscible
liquid is distributed in another. Water‐in‐oil (W/O)
and oil‐in‐water (O/W) emulsions are two examples of

various emulsion systems. Other types include oil‐in‐
water‐in‐oil (O/W/O) and water‐in‐oil‐in‐water (W/O/
W) (Tan & McClements, 2021). Emulsifiers are used
to homogenize food systems, and their effectiveness is
closely related to their chemical composition
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(Alizadeh‐Sani et al., 2018). As amphiphilic molecules
with both hydrophilic and hydrophobic ends, emul-
sifiers reduce the repulsive forces between different
phases, facilitating mixing. This makes them excellent
emulsifying, foaming, and dispersing agents (Wang
et al., 2023). The extensive use of synthetic emulsi-
fiers, along with their adverse health effects, limited
availability, and high costs, has driven researchers to
explore the synthesis of emulsifiers from natural
sources, particularly microorganisms such as fungi
and bacteria (Fenibo et al., 2019).

Bioemulsifiers encompass compounds such as gly-
colipids, lipopeptides, lipoproteins, lipopolysacchar-
ides, phospholipids, fatty acids, and glycoproteins.
Their properties often match or surpass those of
chemically produced emulsifiers, featuring non‐
toxicity, biodegradability, high foaming capacity, effi-
ciency at low concentrations, and stability across var-
ious temperatures and pH levels. Additionally, they
can be produced in an environmentally controlled
manner from natural sources, using a variety of
industrial and agricultural wastes. Consequently,
bioemulsifiers are suitable for numerous biological,
industrial, food, and medicinal applications (Ribeiro
et al., 2020a; Thraeib et al., 2022).

Yeasts such as Saccharomyces cerevisiae, Kluy-
veromyces marxianus, and Candida lipolytica have
been shown to produce bioemulsifiers (Hajhosseini
et al., 2020; Ribeiro, et al., 2020b; Zaparoli
et al., 2020). These yeasts are significant for the pro-
duction of various biotechnological products (Ethafa
& Al‐Manhel, 2022) and are classified as Generally
Recognized as Safe by the U.S. Food and Drug
Administration (FDA). Their products are safe and
can be manufactured cost‐effectively using locally
available media to optimize production conditions
(Al‐Jumaiee et al., 2019; Fernandes et al., 2023;
Ribeiro, et al., 2020b).

S. cerevisiae JZT351 is a particularly noteworthy
strain due to its ability to produce a complex bioe-
mulsifier with promising industrial applications. While
mannan, a polysaccharide found in yeast cell walls,
contributes to emulsification, its capabilities as a sole
emulsifier are limited by its simpler structure and fewer
functional groups. In contrast, the bioemulsifier pro-
duced by S. cerevisiae JZT351 is a multifaceted mixture
of biomolecules, including proteins, lipids, and poly-
saccharides. This complexity enhances its emulsifying
efficiency and stability across various conditions
(Parapouli et al., 2020).

Mannan, naturally occurring in the exterior cell walls
of many microbes, including certain plants, molds like
Paecilomyces, yeasts such as S. cerevisiae, and edible fungi
like Ganoderma lucidum, is a linear, branching chain of
β‐1,4‐mannose units linked to α‐1,6‐galactose (Al‐Manhel
& Niamah, 2017). Derived particularly from fungi, espe-
cially baker's yeast, mannan comprises approximately

25%–70% of the yeast cell wall and can form mannopro-
teins (Feldmann, 2012; Kwiatkowski & Edgar, 2012). In
addition to its superior emulsifying properties, the bioe-
mulsifier from S. cerevisiae also exhibits notable
antioxidant and antimicrobial effects. These properties
enhance its potential applications in industries such as
food preservation, pharmaceuticals, and cosmetics. The
antioxidant activity helps prevent oxidative damage, while
the antimicrobial properties inhibit the growth of harmful
microorganisms, making this bioemulsifier a multi-
functional ingredient (Alcantara et al., 2010).

Mannoproteins are widely utilized in the food
industry due to their unique structural and molecular
characteristics (Hajhosseini et al., 2023; Bzducha
Wróbel et al., 2022). They function as natural emulsi-
fiers and stabilizers without altering the sensory
properties of the final products, making them valuable
assets in various techno‐functional applications.
Additionally, their ability to promote the growth of
Lacticaseibacillus species highlights their significance
for human health (Alcantara et al., 2013; Alizadeh‐
Sani et al., 2018; Thraeib et al., 2022). Many of these
bioemulsifiers, including mannoproteins, are now
approved by the FDA (Paul et al., 2023).

The challenge stems from the widespread use and
availability of industrial emulsifiers, which not only
negatively impact human health but also face limita-
tions due to their restricted availability and high costs.
Consequently, there is increasing interest in exploring
the potential of producing emulsifiers from natural
sources, such as microorganisms, including yeast. This
research aimed to generate an emulsifier from micro-
bial sources using a low‐cost medium derived from
industrial or agricultural wastes. This is particularly
relevant given the limited local studies on the devel-
opment of bioemulsifiers from indigenous microbial
sources like S. cerevisiae. The purpose of incorporating
this emulsifier into food systems, including dairy
products, is to enhance their quality. Therefore, the
availability of diverse fresh‐like food products for
consumers depends on the outcomes of this study.

2 | MATERIALS AND METHODS

Commercial dry baker's yeast from various sources
available in local markets in Basra was compared with
local isolates to produce bioemulsifiers. Each yeast sample
was assigned a unique code, as detailed in Table 1.

2.1 | Isolation of yeast from natural sources

S. cerevisiae yeast was isolated from 17 sources, including
soil, various dairy products, and both imported and
locally grown fruits and vegetables. Each sample was
diluted to 10−7 by adding 1 g of the sample to 9 mL of a
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dilution solution. Approximately 0.1 mL of this dilution
was then plated onto Yeast Malt Agar (YMA) medium
(Himedia). After spreading the sample evenly using a
sterile L‐shaped glass spreader, the plates were incubated
at 28°C for 48 h. Individual yeast colonies with mor-
phological characteristics similar to those of baker's
yeast were selected using a sterile inoculating loop and
streaked onto fresh YMA plates. This process was
repeated three times to obtain pure colonies (Dikit,
Maneerat, et al., 2010).

2.2 | Diagnosis of isolated local yeasts

The morphological test was performed by streaking the
yeast on Malt Extract Agar medium at 20°C for 30 days.
The shape, size, height, color, and colony arrangement
were then recorded as morphological characteristics of
the yeast. Microscopically, the isolated yeast was grown
in a liquid malt extract medium for 72 h at 25°C. Sub-
sequently, a portion of the yeast colony was spread on a
slide, stained with methylene blue, and examined under a
40x magnification microscope (Kurtzman & Fell, 1998).

Other biochemical experiments conducted included
the Sugar Fermentation Test (Durham tube), the Urea
Hydrolysis Test using liquid urea medium, and the Acid
Production Test using glucose‐calcium carbonate agar
media. Growth on solid Sabouraud medium with cyclo-
heximide at concentrations of 100 and 1000 mg/L was
assessed. Temperatures at which growth was examined
included 25°C, 30°C, 37°C, and 40°C. The development
of ascospores was investigated using safranin and mala-
chite green stains. Additionally, experiments were con-
ducted for the assimilation of carbon and nitrogen
sources (Kurtzman & Fell, 1998; Lodder, 1970).

2.3 | Estimation of the biomass

The biomass of the local isolates was determined by dry
weight. A 10mL sample of the culture media was

centrifuged at 3000 rpm for 10min at 4°C. The resulting
cell pellet was then washed with distilled water and
centrifuged again under the same conditions. After dry-
ing at 105°C until a constant weight was achieved, the
dry weight of the sedimented cells was measured using
a sensitive balance (Sartorius) (Alcantara et al., 2012;
Hajhosseini et al., 2023).

2.4 | Inoculum preparation

One full loop of active yeast was added to 50mL of
Yeast Malt Extract Broth (YMB) medium in a 125mL
flask to prepare the inoculum. The flask was then incu-
bated overnight at 28°C (Alcantara et al., 2012).

2.5 | Counting live cells in the inoculum

One milliliter of active S. cerevisiae was added to 9mL of
a sterilized 0.1% diluent solution to estimate the cell
count. Following a series of dilutions, 1 mL from the
final dilution was transferred to agar plates supple-
mented with YMA medium. After incubating the plates
at 28°C for 48 h, a count of 106 colony‐forming units per
milliliter (CFU/mL) was obtained.

2.6 | Screening of local and commercial yeast
isolates to select the most suitable for producing
the bioemulsifier

The best yeast isolates for the production of bioemulsifiers
were selected by screening. Two milliliters of active yeast
were added to 100mL of Yeast Extract Peptone Glucose
Broth (Himedia) in 250‐mL flasks. The flasks were then
placed in a shaking incubator (Sartorius) set at 28°C and
150 rpm for 48 h (Cameron et al., 1988).

2.7 | Bioemulsifier extraction

The method described by Cameron et al. (1988) was
followed for the extraction of a bioemulsifier from yeast
cells. To achieve this, 20 g of the collected pellet were
centrifuged and added to 100mL of a buffer solution
containing 0.1M potassium citrate and 0.02M potas-
sium metabisulfite at pH 7. The mixture was then auto-
claved at 121°C for 3 h. The supernatant was removed by
a second centrifugation step at room temperature for
10 min at 5000 rpm. The pellet was resuspended in
3 volumes of 95% ethanol supplemented with 1% (v/v)
concentrated acetic acid and allowed to sediment over-
night at 4°C. The crude bioemulsifier precipitate was
dried, centrifuged at 10,000 rpm, and stored at room
temperature until used in emulsifier activity tests to select
the optimal isolate for bioemulsifier production.

TABLE 1 Dry Baker's yeasts, their different brands, and origins
used in the current study.

Company name Code Origin

Dry baker's yeast

Super Maya SM Iraq

Glorioan GL Egypt

Saf‐instant Si Turkey

Best baker BK China

ALDANAMAYA DM Russia

SHETAB SH Iran
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2.8 | Emulsification effectiveness test

Three methods were followed to test the emulsification
effectiveness, which included:

2.8.1 | Oil displacement test

This test was performed according to the method out-
lined by Alwaely et al. (2019) by adding 50mL of dis-
tilled water to a petri dish with a diameter of 150mm.
Then, add 50 µL of crude oil to it. Subsequently, add
100 µL of the cell‐free supernatant to the center of the
membrane formed in the dish. Then, measure the diam-
eter of the halo formed after 30 s.

2.8.2 | Estimation of emulsification
effectiveness

Three milliliters of the bioemulsifier solution, prepared
by dissolving 0.08 g of bioemulsifier in 3 mL of distilled
water according to the method described by
Torabizadeh et al. (1996), were mixed with 0.5 mL of
olive oil in a test tube. The mixture was vortexed for
2 min and then incubated for 1 h at 37°C. A blank was
prepared by following the same procedure but without
adding the bioemulsifier. The absorbance of the tubes
was measured in triplicate using a spectrophotometer
set to a wavelength of 400 nm. An increase in absorb-
ance indicates a higher emulsification efficiency (Patil &
Chopade, 2001).

2.8.3 | Emulsification index (E24)

The emulsification index was determined using the
method described by Alwaely et al. (2019). A test tube
containing 2 mL of sunflower oil and 2mL of yeast‐free
supernatant was vortexed for 2 min. The mixture was
then allowed to rest at room temperature for 24 h. The
emulsification index (E24) was calculated using the fol-
lowing formula:

= ×

Emulsification Index (E24)
height of the emulsified layer

total height of the mixture
100.

2.9 | Genetic characterization of the most
efficient isolate in producing bioemulsifier
emulsion

DNA was extracted and PCR products were amplified at
the Biovet Laboratory in Basra. Deoxyribonucleic acid

(DNA) was isolated from locally obtained yeast samples
that produced the bioemulsifier (mannoprotein) using the
RiboPure™ Kit Yeast from Life Technologies. The ex-
traction and purification process followed the method
described by Legras and Karst (2003), utilizing universal
primers as detailed in Table 2.

The PCR products were subjected to electrophoresis
according to the method described by Sambrook et al.
(1989). DNA bands were visualized using a UV trans-
illuminator at a wavelength of 254 nm. Genetic
sequencing was conducted at the National Environ-
mental Management Center's Biotechnology Laboratory
in South Korea. The results were analyzed using the
Basic Local Alignment Search Tool (BLAST) available
on the National Center for Biotechnology Information
(NCBI) website and the BioEdit program. PCR products
were purified, sequenced, and analyzed to identify the
isolate using the BLAST tool available on the NCBI
website. The sequences were then submitted to GenBank
online at www.ncbi.nlm.nih.gov/nucleotide, obtaining
the specific sequences for the sample from the NCBI
DNA database.

2.10 | Optimization of production conditions
of bioemulsifier from the local isolate of S.
cerevisiae

The optimal culture medium was one of several factors
tested to determine the ideal growing conditions for
bioemulsifier production from the local isolate. Six dif-
ferent culture media were used: Yeast Extract Peptone
Dextrose Broth (YEPD) (Bicca et al., 2022); Cooper and
Paddock's medium, consisting of 0.1% KH2PO4, 0.5%
MgSO4·7H2O, 0.01% CaCl2, 0.01% NaCl, and 0.5%
yeast extract, with 5% sunflower oil cooking waste and
8% glucose (Alcantara et al., 2010); a medium composed
of 0.1 g NaCl, 5.0 g NH4Cl, 7.0 g KH2PO4, 0.4 g
MgSO4·7H2O, and 1.0 g yeast extract dissolved in 1 L of
distilled water, with the addition of 5% (v/v) gas oil
(Lima & Alegre, 2009); a medium made by dissolving
0.40 g NaNO3, 0.10 g NaCl, 0.10 g KCl, 0.01 g CaCl2,
0.30 g KH2PO4, 0.30 g Na2HPO4, 0.02 g MgSO4, 0.10 g
FeSO4, 0.08 g CoCl2, 0.07 g CuSO4·5H2O, 0.07 g MnSO4,
0.001 g H3BO3, 0.07 g Fe(SO4)3, and 0.07 g ZnSO4 in
100mL of distilled water, with 1% olive oil and 1%
NH4NO3 (Ribeiro, et al., 2020b); YMB, prepared by
dissolving 0.3 g malt extract, 0.3 g yeast extract, 0.5 g
peptone, and 1 g glucose in distilled water, then adjusting
the volume to 100mL for bioemulsifier production
(Malabuyoc et al., 2023); and a mineral salts medium,
consisting of 0.3 g NaNO3, 0.3 g KH2PO4, 0.3 g
MgSO4·7H2O, and 1 g yeast extract dissolved in 100mL
of distilled water, with 4% (v/v) sunflower oil (Alwaely
et al., 2019). The most efficient yeast isolates for bioe-
mulsifier production were inoculated by adding 2mL of
the activated culture to each medium individually. The
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pH was adjusted to 6.5, and the cultures were incubated
in a shaker at 150 rpm and 28°C for 48 h. Emulsification
activity tests were then performed on each culture
medium to identify the optimal one.

As alternative carbon sources for the ideal produc-
tion medium, three local substrates were evaluated:
sugarcane molasses, grape juice waste, and Zahdi date
juice. Using the Lane and Eynon method to determine
the total sugar content of each source, the results
were as follows: date juice contained 46% sugar,
sugarcane molasses contained 62%, and grape juice waste
contained 16%. To identify the optimal local substitute
for the carbon source, glucose in the YEPD production
medium was replaced with each substrate at concentra-
tions of 25%, 50%, 75%, and 100%, under the same
conditions used for bioemulsifier production.

The ideal medium was prepared with several pH
values (4, 4.5, 5.5, 6, 6.5, 7, 8, 8.5, 9), to investigate the
optimum pH. The ideal pH was maintained for the
growth medium at, 25°C, 28°C, 30°C, 35°C, and 37°C.
Furthermore, looked at were the optimal times of 24, 48,
72, and 96 h for the yeast to create the bioemulsifier.
Furthermore, various amounts of activated yeast culture
(1, 2, 3, 4, 5, and 6mL per 100 mL) were added to the
best alternative medium for the production of bioe-
mulsifier. The ideal alternative medium was then incu-
bated in a shaker at various speeds (100, 150, 200, 300 rpm)
to ascertain the ideal shaking speed for the bioemulsifier
synthesis while keeping the previously established ideal
conditions. Every growth media underwent tests of emul-
sification activity.

2.11 | Characterization of the bioemulsifier

Fourier‐transform infrared spectroscopy (FTIR) was
used to analyze the bioemulsifier at the Polymer
Research Center labs, University of Basrah. The stan-
dard bioemulsifier (mannoprotein) was compared with
effective samples of the bioemulsifier derived from
S. cerevisiae. Specifically, 1mg of freeze‐dried bioemulsifier
was mixed with 100mg of potassium bromide and pressed
for 30 s to produce semi‐transparent pellets. Characterization
was performed over a spectral range of 400–4000 cm−1.
Additionally, the bioemulsifier (mannoprotein) was char-
acterized at the College of Education, Department of
Chemistry, University of Basrah, using an American‐
made Bruker AVII 700MHz spectrometer. The samples
were dissolved in 600 μL of deuterium oxide (D2O), and

proton (1H) spectra were obtained using a 30‐degree pulse
angle. The nuclear magnetic resonance (NMR) data were
processed and analyzed using the Topspin software from
Bruker Biospin AG, Switzerland, as well as the Casper
program available online.

2.12 | Antioxidant efficacy of the
bioemulsifier mannoprotein

The DPPH radical scavenging assay was conducted
according to the method described by Dudonné et al.
(2009) with minor modifications. A 0.125 mM DPPH
solution was prepared in ethanol and used immediately.
Various concentrations of the bioemulsifier (10, 8, 6, 4,
2 mg/mL) were tested by adding 1mL of each concen-
tration to 1 mL of the DPPH solution in a test tube.
These were compared to control using the synthetic an-
tioxidant BHT, prepared at a concentration of 5 mg/mL.
After 20 min of dark incubation at 30°C, a spectro-
photometer was used to detect the absorbance at 517 nm
wavelength. A blank was prepared using the same
method but the sample was replaced with distilled water.
The emulsification activity was calculated using the
following equation:

= − ×I% ((Abs Abs ))/Abs 100,0 1 0

where (Abs0) represents the absorbance of the blank, and
(Abs1) represents the absorbance of the sample with the
DPPH solution.

2.13 | Antimicrobial efficacy of the
bioemulsifier mannoprotein

Different concentrations of bioemulsifier (100, 75,
50 mg/mL) were prepared to study its inhibitory effec-
tiveness using Mueller‐Hinton Agar against Staphylo-
coccus aureus, Pseudomonas aeruginosa, and Candida
albicans. These microorganisms were obtained from the
laboratories of the Department of Food Science, College
of Agriculture, University of Basrah, and reactivated in
Nutrient Broth. The well diffusion method was em-
ployed, where 0.1 mL (1 × 10⁸ CFU/mL) of each bacte-
rium and yeast was individually spread on the surface of
the solid medium using a sterile L‐shaped glass. Wells
with a diameter of 6 mm were created in the solid

TABLE 2 Nitrogen bases sequence of the universal primer.

Primer name and type Nitrogen bases sequence Primer length

Primer forward 5′‐GCATATCAATAAGCGGAGGAAAAG‐3′ 24 bp

primer Reverse 5′‐GGTCCGTGTTTCAAGACGG‐3′ 19 bp

THRAEIB ET AL. | 5 of 26
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medium using a cork borer and filled with 50 µL of the
bioemulsifier solution. Plates were incubated at 37°C
for 24 h for bacteria and at 28°C for 48 h for yeast.
The diameters of the clear zones around the wells
were measured using a ruler (Perez, 1990; Walencka
et al., 2007).

2.14 | Statistical analysis

The statistical analysis of the obtained results was
conducted using a Completely Randomized Design.
The data were analyzed using an analysis of variance
(ANOVA) table through the statistical analysis software
SPSS ver. 22. Significant differences between the treat-
ment means were compared using the Least Significant
Difference test at a probability level of 0.05.

3 | RESULTS AND DISCUSSION

3.1 | Isolation

Table 3 lists 25 local yeast isolates obtained from 17
distinct isolation sources. S. cerevisiae yeast was proba-
bly separated from them by purifying their uniform
colonies in terms of size, shape, and color many times on
YMA medium to produce pure cultures. This is based on
previous scientific studies (Hammadi et al., 2018;
Lakew, 2022; Thapa et al., 2015) that indicated the
possibility of isolating S. cerevisiae yeast from natural
sources such as soil, fruits, vegetables, and food prod-
ucts. This is also consistent with the findings of Elsaygh
et al. (2023) in obtaining 30 yeast isolates from various
sources using YMA medium. Thus, choosing the isola-
tion source is a crucial stage to take into account to get
the intended local isolates.

3.2 | Characterization of isolates

Figure 1A illustrates various colony morphologies grown
on 5% solid malt extract agar medium for 30 days at
20°C. The colonies are characterized by their medium
size, off‐white to creamy white color, raised and smooth
edges, regular circular shapes, and viscous texture. These
characteristics align with the visual descriptions reported
in diagnostic studies of S. cerevisiae (Elsaygh et al., 2023;
Kreger‐van Rij, 1984; Kurtzman, 2011).

3.3 | Microscopic evaluation

When local yeast isolates were stained with methylene
blue dye, microscopic analysis of cells grown in 5% liquid
malt extract medium at 25°C for 72 h revealed that the
cells were spherical to oval in shape. As shown in

Figure 1B, these cells appeared in chains, pairs, or clus-
ters resembling honeycomb cells, and were free of fungal
filaments. These observations are consistent with the
diagnostic and taxonomic criteria for S. cerevisiae
(Kreger‐van Rij, 1984; Kurtzman, 2011).

3.4 | Biochemical evaluation

Table 4 and Figure 2 illustrate the biochemical tests
conducted on the local yeast isolates. The isolates’
ability to produce acetic acid during glucose fermenta-
tion was demonstrated by the acid production test
findings, which showed colonies growing on glucose‐
calcium carbonate agar medium forming distinct halos
around them. The urea hydrolysis medium did not

TABLE 3 Isolates of yeast from various sources.

# Code Source No. of isolates

1 PD Imported peach 1

2 SF1 Soil from the Faculty of
Agriculture field

2

SF2

3 SG Soil from the Faculty of Agriculture
Garden

1

4 AC1 Vinegar (Al‐Khayyam)/Basra 3

AC2

AC3

5 K Iraqi peach 1

6 H Honey 1

7 DZ1 Zahdi date 3

DZ2

DZ3

8 G1 Iraqi grapes 2

G2

9 P Pineapple 1

10 O Orange 1

11 GR Iranian grapes 1

12 A Imported apples 1

13 OT Iraqi apricot 1

14 M1 Sugarcane molasses 3

M2

M3

15 Y Local yogurt 1

16 C Local cheese 1

17 DF Local fig 1
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change color, indicating that the isolates lacked urease
enzyme activity and were therefore unable to produce
ammonia for nitrogen absorption. Several isolates ex-
hibited the ability to ferment carbohydrates, as evi-
denced by the color shift of bromothymol blue dye from
green to yellow due to a pH drop toward acidity, and
the production of carbon dioxide (CO₂) gas in Durham
tubes. However, these isolates were unable to ferment
trehalose, maltose, or lactose, likely due to the absence
of the necessary enzymes for both fermentation and the
utilization of these carbon sources. Additionally, the
isolates demonstrated sensitivity to the antifungal agent
cycloheximide, as evidenced by the lack of growth at
100 and 1000 parts per million. The isolates showed
optimal growth at 25°C and 30°C, with weak or no
growth at 37°C and no growth at 40°C. Ascospores
were observed under a microscope in isolates grown on
potassium acetate‐yeast extract glucose medium, using
safranin and green malachite stains. The isolates were
also capable of hydrolyzing monobasic ammonium
phosphate and sulfate, but were unable to produce
nitrate reductase enzyme, and could utilize nitrogen
sources other than potassium (Table 5). Table 4 shows
that most isolates, when cultivated on Yeast Nitrogen
Base medium, were able to use carbon sources other
than lactose and maltose. Visual, microscopic,

and biochemical testing indicated that only 20 out of the
25 isolates collected from various sources exhibited
characteristics typical of S. cerevisiae yeast, as sup-
ported by scientific references (Kreger‐van Rij, 1984;
Kurtzman, 2011; Lodder, 1970; Rasheed & Haydar,
2023). Isolates with codes Y, C, M2, DF, and P were
excluded from this classification.

Screening the yeast isolates and comparing them
with six different kinds of commercial dry yeasts from
various countries revealed that isolate (AC1), which
was obtained from vinegar starter at the Al‐Khayam
Vinegar Factory in Abu Al‐Khasib district, Basra
city, produced the bioemulsifier the most effectively
(Figure 3). The highest values for oil displacement,
emulsification efficiency, and emulsification index (E24)
were obtained by isolate (AC1) at 7.1 cm, 0.71 nm, and
34.50%, respectively, after emulsification activity tests;
isolate (DZ1) showed the lowest values for these tests at
4 cm, 0.36 nm, and 22.77%, respectively. Further, isolate
(AC1) produced the highest amount of biomass,
4.35 g/L, whereas isolates with codes (A, OT) produced
the least amount, 2.75 g/L. The means of oil displacement
and biomass production did not differ significantly
(p> 0.05) according to statistical analysis; however, the
means of emulsification efficiency and emulsification index
(E24) tests did differ significantly (p< 0.05). Because of

FIGURE 1 (A) Morphological examination of colonies of local yeast isolates (B) Microscopic examination of locally isolated yeast cells stained
with methylene blue dye.
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FIGURE 2 Examples of the biochemical test results for local yeast isolates.
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variations in isolation sources, physiological activities of
each isolate, or genetic features influencing enzymatic
activity, metabolic activities, and nutrient utilization
reflected in biosynthesis, isolates varied in their capac-
ity to produce bioemulsifier emulsifier and biomass.
This aligns with the findings of Fernandes et al. (2023)
regarding yeast isolates showing varying capacities in
bioemulsifier emulsifier production, as differences in
the cell wall composition of S. cerevisiae yeast can be
attributed to several variables or factors influencing its
growth, such as nitrogen and carbon sources, temper-
ature, acidity, oxygen, and salts (Aguilar‐Uscanga &
Francois, 2003; Ilori et al., 2005). Furthermore, as
genes related to bioemulsifier production pathways
differ, Trindade et al. (2022) proposed that genetic
changes across strains might be responsible for

variances in emulsification efficiency. Isolate AC1 was
selected for the current investigation based on the
obtained results.

3.5 | Genetic diagnosis of the local isolate
most proficient in bioemulsifier production using
26S ribosomal RNA (rRNA)

3.5.1 | DNA extraction

DNA was extracted from the locally isolated yeast strain
AC1 using a repeated procedure. Results from agarose
gel electrophoresis confirmed the purity of the extraction.
Figure 4A shows clear bands corresponding to the
yeast DNA.

TABLE 5 Carbon and nitrogen source assimalion.

Assimalion of carbon source Assimalion of nitrogen sources
Isolate Glucose Galactose Sucrose Lactose Melibiose Ammonium phosphate Potassium nitrate Ammonium sulfate Peptone

PD + + + − − + − + +

SF1 + + + − − + − + +

SF2 + + + − − + − + +

SG + + + − − + − + +

AC1 + + + − − + − + +

AC2 + + + − − + − + +

AC3 + + + − − + − + +

K + + + − − + − + +

H + + + − − + − + +

DZ1 + + + − − + − + +

DZ2 + + + − − + − + +

DZ3 + + + − − + − + +

G1 + + + − − + − + +

G2 + + + − − + − + +

P + + + − + + − + +

O + + + − − + − + +

GR + + + − − + − + +

A + + + − − + − + +

OT + + + − − + − + +

M1 + + + − − + − + +

M2 + + + − − + − + +

M3 + + + − − + − + +

Y + ± + − ± + − + +

C + ± − − ± + − + +

DF + + + − − + − + +

Note: +: Positive for examination; −: negative for examination; ±: variable for examination.
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(A)

(B)

(C)

(D)

FIGURE 3 Screening of isolates to select the best producer of the bioemulsifier, (A) Oil displacement, (B) Emulsification activity, (C) E24
emulsification index, (D) Biomass yield.
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3.5.2 | DNA amplification using the
polymerase chain reaction (PCR) technique

Utilizing the 26S rRNA test, the PCR method was used.
Amplification was done with primers unique to the gene.
When the amplified gene for the yeast isolate was gel elec-
trophoresed with four repeats, as shown in Figure 4B, dis-
tinct orange bands showed up, suggesting an amplicon size
of 622 base pairs. This shows that the primers bonded to the
26S rRNA target gene exclusively, not to other parts of
the extracted DNA from the locally isolated yeast strain.
The study is consistent with most research confirming the
feasibility of using the 26S rRNA assay in studying the

nucleotide sequence of oxygen‐deprived DNA to diagnose
Sacharomyces sp. yeast isolates (Elsaygh et al., 2023;
Guimarães et al., 2006; Majeed & Al‐jader, 2022).

3.5.3 | Analysis of the amplification
products

A Korean company named Macrogen received the
amplified gene sequences along with the primers to
determine the nucleotide sequences of the yeast strain
under investigation. These sequences were used with the
BLAST Nucleotide software to determine the species of

FIGURE 4 (A) Electrophoretic migration of DNA extracted from the local yeast isolate (AC1), the most efficient in bioemulsifier production,
with duplicates. (B) Electrophoretic migration of PCR reaction products on 2% agarose gel.
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the chosen isolate by aligning them with the information
on this gene in the NCBI Gene Bank. A 100% match
between the local isolate and the S. cerevisiae strain
JY3‐2 registered in the Gene Bank was found by BLAST
analysis of the nucleotide sequences of the 26S rRNA
gene amplified from the local yeast isolate. As such, this
yeast species was identified as the local isolation.

The 26S rRNA gene sequences of the isolates were used
to build the genetic tree with the MEAG 11.0.13 program.
As depicted in Figure 5, the local isolate was recorded in the
NCBI Gene Bank under the name S. cerevisiae strain
JZT351(OR115510), accessible via the link: https://www.
ncbi.nlm.nih.gov/nuccore/2515605893.

3.6 | Optimization of conditions for
bioemulsifier (Mannoprotein) production from
locally isolated S. cerevisiae strain JZT351

3.6.1 | Optimal medium for bioemulsifier
production

The S. cerevisiae strain JZT351 bioemulsifier was produced
using six growth mediums. Oil displacement, emulsification
efficiency, and emulsification index (E24) were among
the emulsification test findings shown in Figure 8, which
were used to choose the best medium for the development
of the local isolate and the bioemulsifier production.
With values for oil displacement, emulsification efficiency,
and E24 of 7.10 cm, 0.71 nm, and 34.50%, respectively, the
first medium (YEPD) showed maximum productivity.
Conversely, the lowest productivity was noted with the sixth
medium (composed of 0.3 g NaNO3, 0.3 g KH2PO4, 0.3 g
MgSO4·7H2O, and 1 g yeast extract in 100mL distilled water
with 4% sunflower oil v/v), yielding 4.67 cm, 0.41 nm, and
25.59%, respectively. Additionally, the first medium pro-
duced more biomass (4.35 g/L) compared to the sixth
medium (3.76 g/L). The mean results of the emulsification
efficiency test for yeast grown on various media showed no
statistically significant differences (p>0.05) according to the
ANOVA. These outcomes led to the choice of the YEPD
medium for more investigation. This variance may be at-
tributed to the influence of yeast growth on the nutritional
components of the culture media used, which in turn affects
the rate of bioemulsifier production (Nerurkar et al., 2009).
The results were consistent with the findings of Slama (2021)
and Hajhosseini et al. (2023), who selected the YEPD
medium for bioemulsifier production from S. cerevisiae and
Kluyveromyces marxianus, respectively. Additionally, Bzdu-
cha Wróbel et al. (2022) utilized the YEPD medium for
bioemulsifier production from Wickerhamomyces anomalus
and Metschnikowia reukaufii, while Alcantara et al. (2012)
found the second medium (Cooper and Paddock's medium)
to be the best for bioemulsifier production. YEPD medium,
containing glucose as a simple carbon source, is ideal for the
growth of most yeast species. Additionally, yeast extract
serves as an excellent medium for bioemulsifier production,

as the biomass of yeast grows in this medium
(Sherman, 1991). Yeast extract is rich in amino acids,
B vitamins, and peptone, which contribute to the effective
development of bioemulsifiers (Figure 6).

3.6.2 | Selection of the optimal local carbon
source substitute in the production medium

In the standard production medium (YEPD), three local
alternative carbon sources spoiled grape juice, sugarcane
molasses, and date palm juice were substituted 100% for
glucose. Figure 9 presents the results, which indicate that
substituting glucose with date palm juice was the most
effective medium for synthesizing the bioemulsifier. With this
local alternative, the emulsification test results were highest,
with oil displacement at 7.39 cm, emulsification efficiency at
0.79 nm, and emulsification index (E24) at 34.71%. In con-
trast, using sugarcane molasses as a substitute yielded less
favorable results: oil displacement at 5.97 cm, emulsification
efficiency at 0.47 nm, and emulsification index (E24)
at 27.32%.

Date palm juice also demonstrated superior per-
formance in biomass generation, producing 4.42 g/L
compared to 3.68 g/L from sugarcane molasses. While
the mean values for oil displacement, emulsification
efficiency, and biomass production tests showed no sta-
tistically significant differences (p> 0.05), the mean val-
ues for the E24 emulsification efficiency test did exhibit
statistically significant differences.

The increased yield or efficiency of various carbon
sources has been employed to make biomass or bioe-
mulsifier. The local isolation and the intended output
determine the alternative raw material to use. Date palm
juice is better than other carbon sources because it con-
tains amino acids, vitamins, and minerals that promote
yeast cell growth in addition to simple sugars (glucose
and fructose) that S. cerevisiae cells can easily absorb and
metabolize. On the other hand, molasses is mostly
composed of disaccharides, or sucrose, together with
other unfavorable elements including heavy metals and
contaminants that might interfere with development
and the generation of biomass (Acourene et al., 2007;
Al‐Jasass et al., 2010). This aligns with the findings of
Al‐Eid et al. (2010), who reported that date syrup was
superior to molasses in S. cerevisiae production on
a laboratory and semi‐industrial scale. Additionally,
Ghasemi et al. (2018) used low‐quality date palm juice in
bioemulsifier production from Lactobacillus rhamnosus.

3.6.3 | Determination of the best
substitution ratio for the local carbon source

With a maximum oil displacement value of 7.80 cm at a
75% replacement rate and the lowest displacement
recorded at 100% substitution, which was 7.39 cm, the
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results shown in Figure 10 confirmed the effectiveness of
the emulsification tests. At the 75% replacement rate, the
emulsification efficiency test and the emulsification index
(E24) reached their peak values of 0.82 nm and 36.57%,
respectively. In contrast, the lowest values recorded at
25% and 100% replacement rates were 0.73 nm and
34.71%, respectively. Additionally, the biomass findings,
which reached 4.60 g/L, were consistent with the emul-
sification efficacy results concerning the substitution rate.
The mean results of the emulsification efficacy and bio-
mass output tests did not differ statistically signifi-
cantly (p> 0.05).

Up to a certain point, increasing the concentration of
date palm juice enhances the growth of S. cerevisiae cells.
However, beyond this optimal level, the inhibitory effects of
sugars—resulting from reduced biomass or the rapid con-
version to byproducts such as organic acids, alcohols, and
carbon dioxide—cause cell growth to slow down (Al‐Jasass
et al., 2010). The results varied with different ratios of date
palm juice used as a carbon source. Beiroti and Hooseini
(2007) found that a 50% substitution ratio was optimal for
increasing the biomass of S. cerevisiae. Similarly, Mnif et al.
(2021) reported that a 25% substitution ratio of date palm
juice in the growth medium was optimal for the production
of a bioemulsifier from Bacillus mojavensis BI2.

3.6.4 | The optimal initial pH of the medium
for producing the bioemulsifier

Figure 7A shows that pH 5.5 is the ideal starting pH for
bioemulsifier production. The maximum values of 8.01 cm,
0.85 nm, and 37.65%, respectively, were obtained for oil
displacement tests, emulsification efficiency, and emulsifica-
tion index (E24), at this pH level. These experiments

produced poorer results at pH 9, however. Furthermore, the
average biomass value of 4.76 g/L at pH 5.5 was the greatest
biomass output recorded; at pH 9, it was 1.78 g/L. For
the tests of emulsification efficacy and biomass output,
significant differences (p< 0.05) were found. The pH has
a big impact on yeast development and, by changing the
solubility, ionization, and transfer of nutritional elements
in the culture medium, which changes their availability
for consumption, biomass and bioemulsifier synthesis
(Allaith et al., 2022; Kurtzman, 2011).

This finding aligns with the observations of Hajhosseini
et al. (2020), who reported that pH ranging from 5.4 to 6.1
was optimal for bioemulsifier production. It is also con-
sistent with the findings of Aguilar‐Uscanga and Francois
(2003) and Alwaely et al. (2019), indicating that a pH range
of 3–5 was optimal for increasing yeast cell wall compo-
nents, including bioemulsifier, with a subsequent decrease
observed outside this range. Moreover, the results are in
agreement with Alcantara et al. (2012), who found that a
pH range of 5–8 resulted in the highest biomass production
for S. cerevisiae, while biomass production decreased at
extreme acidic or alkaline pH values. These findings closely
resemble those of Elsaygh et al. (2023), who noted that the
maximum effectiveness of the bioemulsifier produced from
S. cerevisiae was achieved at pH 6.5.

3.6.5 | The optimal temperature for
producing the bioemulsifier

The impact of temperature on bioemulsifier production
from the local isolate of S. cerevisiae strain JZT351 was
studied at five temperature levels: 37°C, 35°C, 30°C,
28°C, and 25°C. Through Figure 7B, it was observed that
the highest bioemulsifier production occurred at 30°C,

FIGURE 5 Phylogenetic tree of locally isolated yeast strain and its relationship with strains from the same yeast species in the NCBI GenBank.
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FIGURE 6 (See caption on next page).
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where the largest oil displacement was recorded at
8.26 cm, while the lowest displacement was observed at
37°C, measuring 5.48 cm. Similarly, the emulsification
efficiency tests and emulsification index (E24) showed
parallel results, reaching values of 0.91 nm and 38.19%,
respectively, at 30°C. Furthermore, biomass production
was maximized at 30°C, averaging 4.92 g/L, compared to
the lowest value of 2.13 g/L at 37°C. While there were no
significant differences (p> 0.05) in emulsification effi-
ciency, significant differences (p< 0.05) were observed in
the E24 values.

Temperature is a crucial factor influencing yeast
growth rate and biomass production due to its effects on
enzymatic systems or the consumption and exchange of
dissolved components in the culture medium through the
yeast cytoplasmic membrane, ultimately impacting its
metabolic outcomes and cell wall components, including
bioemulsifiers (Kurtzman, 2011). Obtaining the highest
bioemulsifier production or biomass from the local iso-
late at 30°C suggests that this temperature is optimal for
the enzymatic activities necessary for bioemulsifier pro-
duction in the yeast cell wall. Any temperature deviation
from this optimal range may affect metabolism and
consequently productivity (Xia et al., 2022).

These findings are consistent with those of
Hajhosseini et al. (2020), who found 30°C to be the
optimal temperature for producing bioemulsifier from
Kluyveromyces marxianus. They also align with Sudha
et al. (2010), who identified 30°C as the optimal tem-
perature for producing sophorolipids bioemulsifier
from Candida tropicalis yeast. Liu et al. (2009) similarly
reported 32°C as the optimal temperature for bioe-
mulsifier protein production. Alwaely et al. (2019)
found that the ideal temperature for bioemulsifier
production from Candida spp. yeast was 30°C, noting a
decrease in bioemulsifier effectiveness from 2.285 to
1.007 when the temperature increased to 40°C. Addi-
tionally, Ribeiro, et al. (2020b) reported that the
highest production of bioemulsifiers was achieved from
S. cerevisiae at 28°C.

3.6.6 | The optimal incubation period for
the production of the bioemulsifier

Four incubation periods (96, 72, 48, and 24 h) were ex-
amined to determine the optimal duration for the syn-
thesis of bioemulsifier protein. As shown in Figure 7C,
the maximum values of emulsification tests oil

displacement, emulsification efficiency, and emulsifica-
tion index (E24) were reached after a 72‐h incubation
period: 8.48 cm, 0.93 nm, and 39.25%, respectively. These
figure were, however, lower after a 24‐h incubation
period, measuring 7.19 cm, 0.65 nm, and 34.61%, in that
order. The 72‐h incubation period was found to be
optimal for biomass production, yielding an average of
5.39 g/L, compared to the lowest production of 2.36 g/L
observed after 24 h. The averages of the emulsification
efficiency tests and biomass generation showed statisti-
cally significant differences (p< 0.05).

By depleting nutrients in the production medium and
accumulating secondary metabolic byproducts, which
stunt cell development, prolonging the incubation period
may negatively impact biomass and, in turn, bioemulsi-
fier output (Tuite & Oliver, 1991). These results are
consistent with those reported by Malabuyoc et al.
(2023), who found that a 3‐day incubation period was
optimal for producing bioemulsifier protein from
S. cerevisiae strain 2031, and with Alwaely et al. (2019),
who identified a 72‐h incubation period as optimal for
bioemulsifier production from Candida spp. yeast.
However, Hajhosseini et al. (2020) suggested that a 96‐h
incubation period was optimal for producing bioe-
mulsifier proteins from Kluyveromyces marxianus yeast.
Malabuyoc et al. (2023) also noted that the highest bio-
mass and emulsification index for bioemulsifier protein
were achieved after a 4‐day incubation period. Never-
theless, Elsaygh et al. (2023) observed that a 36‐h incu-
bation period was sufficient to produce the highest bio-
mass quantity for S. cerevisiae yeast, reaching 3.17 g/L.

3.6.7 | The optimal inoculum size for the
production of the bioemulsifier

To find the best inoculum size for the generation of
bioemulsifiers, several volumes of activated inoculum of
the yeast S. cerevisiae strain JZT351 were tested. Each
100mL of manufacturing media had quantities ranging
from 1 to 6mL. At an inoculum size of 3 mL, the values
for the emulsification activity tests of the bioemulsifier—
measured by oil displacement, emulsification activity,
and the emulsification index E24—were highest, mea-
suring 8.69 cm, 0.95 nm, and 39.7%, respectively, as
shown in Figure 8A. At a 6‐mL inoculum size, these
values fell to 7.68 cm, 0.78 nm, and 37.15%, in that order.
At an inoculum size of 3 mL, the biomass output was
highest, reaching 5.85 g/L. In contrast, at an inoculum

FIGURE 6 Shows effect of (A) different cultivation media; (B) Replacing the Optimal Carbon Source with Local Alternatives [S: Standard
Medium, D: Date Juice, M: Cane Molasses, G: Grape Residue Juice]; (C) the optimal replacement ratio of the carbon source in the optimal medium
on the production of bioemulsifier from the local yeast isolate Saccharomyces cerevisiae strain JZT351. (A) LSD oil displacement: 3.273, LSD for
emulsification activity: 0.4047, LSD for E24: 2.243, and LSD for biomass: 2.145; (B) LSD Oil Displacement: 2.813, LSD Emulsification Activity:
0.1090, LSD E24: 3.996, and LSD Biomass: 1.355; (C) LSD oil displacement: 4.164, LSD emulsification activity: 0.4099, LSD E24: 2.236, and LSD
biomass: 2.2.
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FIGURE 7 (See caption on next page).
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size of 6 mL, biomass production was lowest, yielding
4.47 g/L. The averages of the experiments on emulsifi-
cation and biomass showed no statistically significant
differences (p > 0.05).

An important element greatly affecting the fermen-
tation process and biomass production is the size of the
inoculum. Higher concentrations of the medium com-
ponents and inoculum size improve emulsification
activity or yield (Ribeiro et al., 2023; Sen &
Swaminathan, 2004). Production at inoculum sizes of 1
and 2 mL may be reduced because the production
medium did not ferment completely in the allotted
incubation time. On the other hand, competition among
yeast cells for few nutrients in the production medium
may be the reason of the lower bioemulsifier yield when
inoculum sizes are larger than 3 mL (Elsaygh
et al., 2023; Laluce et al., 2009). These findings are
consistent with Carrau et al. (2010), who noted that
while inoculum size initially increases biomass, pro-
duction starts to decline beyond a certain level. Simi-
larly, Ding et al. (2009) reported that certain yeast cell
wall components decrease with increasing inoculum si-
zes. Liu et al. (2009) found that an inoculum size of
5 mL was optimal for bioemulsifier production in S.
cerevisiae. Ribeiro et al. (2019) also found similar
results, indicating that the best inoculum size for pro-
ducing bioemulsifiers from Candida utilis was 2%.

3.6.8 | The optimal shaker incubator speed
for the production of the bioemulsifier

Emulsification activity tests were most affected by a
speed of 150 rpm among the four shaker incubator
speeds employed to incubate the bioemulsifier synthesis
medium (Figure 8B). The emulsification activity, emul-
sification index E24, and oil displacement were among
these tests; the results were 8.69 cm, 0.95 nm, and 39.7%,
in that order. The least effect was observed with 100 rpm,
resulting in values of 7.84 cm, 0.68 nm, and 35.13%,
respectively. Furthermore, biomass production peaked at
150 rpm, at 5.79 g/L, and fell to 4.87 g/L at 100 rpm. The
mean results of the tests showed no statistically signifi-
cant variations (p> 0.05).

Higher speeds may lead to cell disruption, negatively
reducing biomass development, whereas moderate speeds
enhance the mixing of oxygen and nutrients in the pro-
duction medium and avoid cell clumping (Liu
et al., 2009). This finding aligns with Joaad and Hassan
(2015), who reported that a shaker speed of 150 rpm was

optimal for bioemulsifier production from Candida guil-
liermondii yeast. Similarly, Elsaygh et al. (2023) found
that a shaker speed of 150 rpm was optimal for the
production of the bioemulsifier (mannoprotein) from S.
cerevisiae yeast. Ribeiro et al. (2020a) also found that the
highest activity in producing bioemulsifiers or surface‐
active substances from S. cerevisiae occurred at an
incubation speed of 150 rpm. In contrast, Malabuyoc
et al. (2023) indicated that a shaker speed of 100 rpm was
most effective and stable for producing the bioemulsifier.
Alwaely et al. (2019) found that a shaker speed of
180 rpm was optimal for producing bioemulsifiers from
Candida spp. yeast.

3.7 | Characterization of the bioemulsifier

3.7.1 | FTIR analysis

FTIR was employed to qualitatively detect and identify
functional groups in bioemulsifiers, which are stable at
specific wavelengths. This was achieved through the peaks
observed at these wavelengths (see Figure 9A,B). Broad
absorption bands were seen at wavelengths of 3410.14 and
3443.28 cm−1, respectively, for the normal bioemulsifier
and the bioemulsifier taken from the local isolate of
S. cerevisiae strain JZT351. These bands are attributed to
the vibration of hydroxyl groups (OH) present in sugar
molecules (Elsaygh et al., 2023) and the overlapping amine
groups (NH) with hydroxyl groups appearing in the same
region. A modest quantity of lipids at this absorption was
also indicated by the observation of small bands at wa-
velengths of 2929.87 and 2929.34 cm−1, respectively, which
correspond to the stretching vibrations of aliphatic CH
and CH2 groups (Nogueira et al., 2020; Rasheed &
Haydar, 2023).

Bands corresponding to the stretching vibrations of the
carbonyl group in acetyl groups (C=O) were seen at
wavelengths of 1651.07 and 1656.55 cm–1. Glycosidic link-
ages, the cyclic structure of monosaccharides, and the
stretching of (C‐O) and (C‐C) bonds were also shown by the
spectra in an absorption band between 1500 and 2000 cm−1.
Moreover, in line with earlier research, the absorption areas
at 806.25 and 807.06 cm−1 correspond to alpha‐type glyco-
sidic linkages, which are typical of mannan sugar (Elsaygh
et al., 2023; Liu et al., 2015; Qiao et al., 2022).

Strong stretching vibrations were observed for the
amide group in the spectra of both the sample and the
reference bioemulsifier, at wavelengths of 1543.05 and
1534.09 cm−1, respectively. They are linked to C‐N and

FIGURE 7 Shows the effect of (A) the initial pH; (B) temperature; (C) incubation time on the production of the bioemulsifier, from the local
yeast isolate Saccharomyces cerevisiae strain JZT351. (A) LSD oil displacement: 2.812, LSD emulsification activity: 0.2627, LSD E24: 3.779, and
LSD biomass: 1.547; (B) LSD oil displacement: 2.851, LSD emulsification activity: 0.2308, LSD E24: 3.259, and LSD biomass: 2.038; (C) LSD oil
displacement: 1.350, LSD emulsification activity: 0.1617, LSD E24: 3.004, and LSD biomass: 1.223.
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N‐H groups, which suggest the existence of acylated
amino sugars and protein. This confirms that the
bioemulsifier (Mannoprotein) contains protein and
carbohydrates in its structure, forming glycoproteins
(Alcantara et al., 2010; Bzducha Wróbel et al., 2022;
Nogueira et al., 2020; Qiao et al., 2022).

3.7.2 | NMR (1H NMR) technique

The bioemulsifier obtained from the local isolate of
S. cerevisiae strain JZT351 is characterized using
proton NMR (1H NMR) spectroscopy, as shown in
Figure 10A,B. Results indicated proton signals between

0.5 and 5 ppm in the basic components of the bioe-
mulsifier structure. These signals stand for the protons in
the CH and CH2 molecules, which are the fundamental
building blocks of mannoproteins. The presence of
alkane groups (R‐CH3, R‐CH2, R3‐CH) in the bioe-
mulsifier was observed in the proton range of 0.7–2 ppm,
and the alcohol group (R‐OH) appeared in the range of
3.4–4 ppm (Elsaygh et al., 2023).

The anomeric region (C1‐OH) for the β configuration
varied from 4.1 to 4.5 ppm, and for the α configuration from
4.6 to 5 ppm. Carbon atoms C2 through C6 of the sugar ring
were identified by peaks observed between 3 and 4 ppm.
Protein groups associated with glucan‐protein structures
were found at 1 and 1.8 ppm, attributed to N‐CH3 and N‐H,

FIGURE 8 Shows the effect of (A) inoculum size; and (B) shaker incubator speed on the production of the bioemulsifier, from the local yeast
isolate Saccharomyces cerevisiae strain JZT351. (A) LSD oil displacement: 1.828, LSD emulsification activity: 0.1301, LSD E24: 1.945, and LSD
biomass: 2.835. (B) LSD biomass: 2.912, LSD oil displacement: 2.657, LSD emulsification activity: 0.2196, and LSD E24: 1961.6.
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FIGURE 9 (A) Shows the infrared spectrum profile of the standard bioemulsifier (mannoprotein). (B) Shows the infrared spectrum profile of the
bioemulsifier (mannoprotein) extracted from the locally isolated yeast saccharomyces cerevisiae strain JZT351.
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which could also be observed in the range of 0.5–3 ppm
(Dikit, 2010; Gonzaga et al., 2005; Qiao et al., 2022).

The figures demonstrated that the observed peaks in the
bioemulsifier extracted from S. cerevisiae matched those of
the standard bioemulsifier. The variation in peak appearance
when using 1H NMR for proton identification in the
molecular structure produced by microorganisms may be
due to the type of microorganism, the nature of the medium,

the type of fermentation, and the solvent used in the analysis
(Ribeiro, et al., 2020b).

3.7.3 | Antioxidant activity of bioemulsifier

Comparing the commercial antioxidant BHT at a con-
centration of 5 mg/mL to the bioemulsifier isolated from

FIGURE 10 (A) Shows the (1H)‐NMR spectrum profile of the standard bioemulsifier. (B) Shows the (1H)‐NMR spectrum profile of the
bioemulsifier produced by the locally isolated yeast saccharomyces cerevisiae strain JZT351.
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S. cerevisae yeast at different concentrations (10, 8, 6, 4,
2 mg/mL), Figure 11 shows the antioxidant activity of
the former. Statistical analysis revealed significant
differences at a probability level (p < 0.01). The findings
showed that the antioxidant activity of the bioemulsifier
increased with its concentration. Specifically, a concen-
tration of 10 mg/mL exhibited the highest DPPH scav-
enging activity at 58.0952%, while the lowest concen-
tration demonstrated a scavenging activity of 23.8095%.
These results are consistent with findings by Basit et al.
(2018) and Elsaygh et al. (2023), which demonstrate the
antioxidant activity of bioemulsifiers.

Furthermore, studies by Križková et al. (2006)
confirmed that the antioxidant activity of mannans
extracted from S. cerevisae yeast is attributed to their
ability to donate protons to unstable free radicals,
thus interrupting their chain reactions. The binding of
mannans with proteins enhances their antioxidant
properties, making them effective antioxidants.
Additionally, the antioxidant activity depends on the
degree of mannans’ binding with proteins more than
their binding with other carbohydrates. Studies by
MacHová and Bystrický (2012) showed that the
effective group in bioemulsifier responsible for scav-
enging free radicals is the hydroxide group, and the
antioxidant activity depends on the concentration of
the bioemulsifier.

The physical and chemical characteristics of the
amino acids particularly those with cyclic structures
(tyrosine, tryptophan, and phenylalanine) and thiol
groups (cysteine, cystathionine, and methionine) that can
donate protons and stop the chain reactions of free
radicals also determine the protein components of the
bioemulsifier. Additionally, the hydrophobic amino acids
(valine, leucine, and tyrosine) in the protein moiety of the
bioemulsifier facilitate access to unsaturated fatty acids,

from which unstable and oxidized free radicals arise
(Chen et al., 1998; Qian et al., 2008).

3.7.4 | Antimicrobial activity of
bioemulsifier

Three different kinds of harmful bacteria Gram‐positive
Staphylococcus aureus, Gram‐negative Pseudomonas
aeruginosa, and Candida albicans yeast were tested for
the antibacterial activity of the bioemulsifier. The
bioemulsifier concentrations tested were 50, 75, and
100mg/mL. The data presented in Figure 12A demon-
strated a dose‐dependent inhibitory effect. Specifically,
the bioemulsifier exhibited increased inhibitory action at
higher concentrations. A zone of inhibition of 11 mm was
the result of the maximum inhibitory activity against
Pseudomonas aeruginosa at a dosage of 100 mg/mL. On
the other hand, at the same dose, there was the least
inhibitory effect against Candida albicans, as seen by the
8.5 mm zone of inhibition (Figure 12B). ANOVA indi-
cated no significant differences (p> 0.05) in the diameters
of the clear zones resulting from microbial growth
inhibition.

Most antimicrobial agents, including the bioemulsi-
fier, primarily work by affecting ion flow and the pores of
cellular membranes. This interference disrupts membrane
function or prevents the synthesis of essential cell mem-
branes, thereby inhibiting microbial growth or causing
cell death. It is possible to explain the variation in test
microorganisms’ reaction to inhibition to variations in
their strains, which differ in the number or makeup of
receptors on the cell wall.

Previous studies (Saleh et al., 2020) have demon-
strated that the bioemulsifier exhibits inhibitory activity
against a broad spectrum of both Gram‐positive and

FIGURE 11 Antioxidant activity of bioemulsifier (mannoprotein).
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Gram‐negative bacteria, and its inhibitory activity is
directly proportional to the purity of the bioemulsifier.
Various disease‐causing microorganisms share common
mechanisms, such as their ability to adhere to and invade
host cells, leading to cellular damage. For example,
Escherichia coli and Staphylococcus aureus utilize similar
strategies to attach to host tissues and evade the immune
system, resulting in detrimental effects on host health.

The results are consistent with previous findings by
Mahmood (2018), which confirmed the inhibitory effective-
ness of bioemulsifier. Additionally, they align with the
observations of Rasheed and Haydar (2023), who reported
that bioemulsifier exhibits inhibitory activity against Pseu-
domonas aeruginosa and Staphylococcus aureus when added
at concentrations ranging from 50 to 200mg/mL. Hyder
(2015) also noted that the inhibitory effectiveness of bioe-
mulsifier produced by Acinetobacter baumanii AC5 Acine-
tobacter increases with its concentration.

Moreover, Bzducha Wróbel et al. (2022) found that
the inhibitory effectiveness of bioemulsifier produced by
S. cerevisiae depends on the source and concentration of
the bioemulsifier. However, they found that the bioe-
mulsifier's inhibitory impact against Escherichia coli
bacteria varied from 77% to 95%, whereas it was less
efficient against Salmonella and Pseudomonas species, at
a rate of 23%–35%. Furthermore, strong inhibitory
action was shown against the most vulnerable strains,
Enterococcus and Staphylococcus aureus cocci.

4 | CONCLUSION

The study successfully isolated and characterized 25
S. cerevisiae yeast strains from various culinary and en-
vironmental sources in Basra and Maysan, identifying

the AC1 isolate from the Khayam factory in Basra as the
most potent producer of bioemulsifiers. This strain, now
registered as JZT351, demonstrated superior emulsifica-
tion efficiency with the specific values obtained for
emulsification efficiency (7.1 cm, 0.71 nm, and 34.50%).
Optimization of conditions for bioemulsifier production
revealed that using 75% date juice instead of glucose
significantly enhanced bioemulsifier yield under specific
conditions (pH 5.5, 30°C, 72 h, 3 mL inoculum,
150 rpm). The refined bioemulsifier exhibited improved
emulsification activity, index, and oil displacement
(8.69 cm, 0.95 nm, and 39.7%, respectively). Characteri-
zation using FTIR and 1H NMR confirmed the bioe-
mulsifier structure, identifying functional groups and chem-
ical structure consistency. Additionally, the bioemulsifier
displayed significant antioxidant activity (58.0952% at
10mg/mL in the DPPH assay). Also, the highest inhibition
against Pseudomonas aeruginosa and the least against
Candida albicans for bioemulsifier was observed. In conclu-
sion, the local isolate S. cerevisiae strain JZT351 is an
effective source for producing bioemulsifiers with enhanced
emulsification properties, antioxidant activity, and antibac-
terial effects, particularly against Pseudomonas aeruginosa.
The use of date juice as a substrate significantly boosts
bioemulsifier production, making this strain a promising
candidate for industrial and biotechnological applications.
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