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ABSTRACT

Environmental variance is not dependent on the genotype and therefore subject to change. It is
governed by some degree of genetic control. This study aimed to characterize genetic variability
parameters and factors influencing on leavening ability of baker's yeast to determine the factors
governing fermentation performance. To do so, three parental strains of Saccharomyces
cerevisiae and two hybrid genotypes were used. Genetic variability parameters for the weight of
fermented bread dough were assessed over the time of fermentation. The biomass weight of
yeast strains and their hybrids was shown as follows: H1> H2> P1> P3> P2. This indicated more
viability of hybrid yeast cells leading to generating high quantities of carbon dioxide. Hybrid
genotypes exhibited heterogeneity at 8 g sucrose leading to evolution toward sugar stress.
Heterosis obtained reflected the optimum range of divergence in gene expression in changing
environments. Fermentation performance appeared phenotypic coefficient of variance (PCV)
slightly higher than the correspondence genotypic coefficient of variance (GCV). This indicated
the influence of environmental factors on fermentation activity. So, fermentation performance
exhibited low heritability coupled with low and moderate genetic advance as a percent of the
mean. This arises from the low values of genotypic variance. So, the fermentation performance
was governed by non-additive gene action. The heterosis tool will be of great value for
improving this trait followed by a selection of good quality genotypes. These, therefore, superior
hybrid genotypes have a potential value in bread bread-making industry.

Keywords: Genetic Variability Parameters, Heritability, Genetic Advance, Heterogeneity,
Leavening Ability, Survivability, Saccharomyces Cerevisiae, Recombinant Genomes.

1. INTRODUCTION

Saccharomyces cerevisiae is routinely used in the bread-making industry because it
combines several advantages including fermentation power and production of desirable flavors.
The bread-making industry occupies an important place in the food sector industries.
Hybridization between yeast strains gives rise to offspring carrying an admixture of both parental
genomes. The dominance of yeast in industrial fermentations limits the diversity of the end
products. Here there is a growing interest in yeast genotypes that can help to generate the
complexity of desirable traits in bread bread-making industry. The bread industry occupies an
important place in the food sector industries. Hybridization between yeast strains gives rise to
offspring carrying an admixture of both parental genomes. The budding cells of diploid
Saccharomyces cerevisiae can express varied differentiation states during nutrient starvation.
Thus, these states take place in response to starvation of one or more nutrients. This leads the
yeast cells may leave the mitotic cycle to enter the meiotic cycle and form sporulation with
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haploid spores (Tomova et al.2019). Meiosis and sporulation in Saccharomyces cerevisiae is a
good-studied example in genetics. The deprivation of nitrogen and fermentable carbon sources
leads the diploid cells to enter meiosis to be generated asci containing four haploid spores
(Kassir et al. 2003). If adverse conditions happen during meiosis as heat or limitation of the
carbon source, then the yeast cells respond to these conditions by producing more asci containing
two spores instead of four haploid genomes (Okamoto and Lino 1981). The cells of baker’s
yeast are heterozygous for the locus of mating type (Hartwell 1974). Baker’s yeast,
Saccharomyces cerevisiae was used in bread making industry (Newberry et al. 2002). The yeast
cells metabolize flour sugars to release carbon dioxide and ethanol. Carbon dioxide (CO3)
released increased dough volume via the injection of air bubbles through the dough matrix
(Romano et al. 2007). The bread volume provided a quantitative measure of leavening
activity(Rathnayake et al. 2018). The elasticity of the bread core depends on the quality and
quantity of gluten protein contained flour (Munteanu et al. 2019). Hybridization techniques
based on mating between different genotypes of yeast have been successfully used for the
isolation of hybrid genotypes (Spencer et al. 1985). Some recombinants obtained from
hybridization had a much greater leavening ability of dough prepared from wheat flour than
either the original strains of commercial baker’s yeast (Wongkhalaung et al. 2004).
Hybridization between Saccharomyces cerevisiae with cry-resistant mater strain produced a
recombinant genotype with improved leavening performance in low and high-sugar wheat flour
dough, in addition to freeze-tolerant ability(Wongkhalaung et al. 2004).

In natural populations, quantitative traits that vary continuously are often shown to be
under stabilizing selection (Kingsolver et al. 2001). Genotypic variation in quantitative traits
determined the amount of nature in evolutionary genetics. Furthermore, stabilizing selection
showed the least residual environmental variability given genotypic value(Wagner et al. 1997).
The distribution of environmental deviations is independent of genetic effects for that the
phenotypic variance among individuals of the same genotype was the same for all genotypes
(Falconer and Mackay 1996). Environmental variance including all variations of genetic
sources embraces external conditions (e. g. nutritional, climatic factors, diseases) and internal
conditions (e. g. developmental noise). Environmental variance is assumed to be free of such
genetic components(Zhang et al. 2004). The mutant genes caused direct change in both mean
and variance(Gibson and Dworkin 2004). The environmental variance is determined by the
genotype can influence the variance and the mean of quantitative traits. Thus varies as a function
of the genetic structure and sensitivity of phenotype to environmental conditions (Hill and
Zhang 2004).

Maintenance of environmental variance was modeled by assuming some modifier loci
may differ from the loci determining the mean effects but directly controlling the phenotypic
variance (Wagner et al 1997). The relative performances of different genotypes vary between
different environments indicating the existence of genotype by environment interaction. This
interaction provided a major challenge to understanding the genetic control of variability. The
biometrical study of this interaction was important not only from genetic and evolutionary points
of view but also concerning agricultural produce in general and plant breeding in particular
(Breese 1969). Variability is the occurrence of differences among individuals due to variations in
their genetic structure and/ or the environment in which they live (Falconer and Mackay 1996).
For effective selection, the magnitude of variation in the populations is necessary (Yagdi2009).
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The choice of promising genotypes from diverse genetic bases is one of the techniques for
improving the fermentation activity in yeast (Mulugeta et al. 2013).

Development of high fermenting yeast genotypes requires a knowledge of the existing
genetic variations for fermentation and sugar utilization. The observed variability in yeast is a
combined estimate of genetic and environmental causes. However, the assessment of heritability
alone does not provide knowledge about the expected genetic gain in the next generation.
Therefore, it must be considered in conjunction with the estimates of genetic advance as a
percentage of the mean. This means the change in mean estimates between generations (Wani
and Khan 2006). Hybridization in yeast has been used to generate genetic variability and has
been successfully utilized to improve the fermentation of yeasts. This study shows that induced
recombinants in yeast are a potential tool to be employed for yeast improvement.

Genetic-environment interactions are of great interest in evaluating the stability of
breeding yeast genotypes under different environmental conditions. The reliability of yeast
genotype performance across different environmental conditions can be a significant
consideration in inducing new recombinant genotypes in yeast. Yeast geneticists are primarily
concerned with high fermentation and stable genotypes as much as possible since new genotype
development is a time-consuming endeavor. Successfully developed new yeast genotypes should
have a stable performance and broad adaptation over a wide range of environments in addition to
high fermentation performance. Evaluating the genotype's stability of fermentation performance
and the range of adaptation has become increasingly important for improving yeast genotype
programs. Hence, if genotypes are being selected for a large group of environmental conditions,
therefore stability and the mean of fermentation performance across all the environments are
more important than fermentation in specific environments (Piepho1996). The phenotypic
variance among the yeast colonies of the same genotype is the same for all genotypes (Zhang et
al. 2004). Environmental variance is all variations of nongenetic origin due to external
environmental factors such as nutritional and climatic conditions. Francis and Kannenberg
(1978) used the environmental variance, as well as, the coefficient of variation to define stable
genotype.

Variability is the occurrence of differences among the cells resulting from hybridization
due to differences in their genetic composition or to the environmental effects (Falconer and
Mackay 1996). For efficient selection, information about the nature and magnitude of variability
in the population of yeast cells is necessary (Yagdi 2009). The choice of better promising
genotypes from diverse genetic bases, as well as, their subsequent utilization for hybridization is
one of the techniques for improving yeast fermentation capabilities (Mulugeta et al. 2013).
Assessment of genetic parameters such as phenotypic and the genotypic coefficient of variations
(PCV, GCV), heritability (h?), as well as, genetic advance (GA) for different economic traits in
yeast are important in designing an effective producing technique (Kozgar2014). The genotypic
coefficient of variation estimates the range of genetic variations shown in yeast populations. The
GCV alone cannot measure the amount of variation that is heritable (Wani 2011). Information
about heritability is essential for indicating the extent of transmissibility of genes-related traits
into future generations, as well as, it is important for selection-based improvement. Assessment
of heritability alone does not indicate information about the expected genetic gain in future
generations. It must be joined with estimates of genetic advance, the alteration in mean value
between generations (2011). Hence the present investigation was undertaken to evaluate genetic
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variability parameters and heritability of recombinant genotypes with their commercial parental
lines for bread-leavening ability.

2. MATERIALS AND METHODS
Stains and growth conditions

Three diploid strains of Saccharomyces cerevisiae were isolated from different
commercial samples in the market, as well as two hybrids resulted from two hybridizations
between the parental strains were used in this study (Table 1). These strains were described
before by Kamal (2023). Yeast strains and their hybrid genotypes were grown in the complete
medium yeast extract peptone glucose medium (YEPG). It consists of 1% yeast extract, 2%
bacto-peptone, and 2% glucose according to Tomova et al. (2019). The strains were stored on
slopes from the same medium in a refrigerator, at 4 °C.

Table 1. Yeast strains and their hybrids were used in this study.

Sample code Sample Source
P1 Pakmaya Pak Gida Uretim Ve Pazarlama A. S., Made in Turkey
P, Holw EI-Sham Holw EI-Sham Company for Food Industries and

Agriculture investment (S. A. E), 6 October City, Egypt

Dreem Mashreq Foods (S. A. E) New Borg El-Arab City,

P3 Dreem Alexandria, Egypt.
H: Hybridization P1 X P3
H> Hybridization P1 X P2

Prepared yeast cell suspension

Each genotype of yeast strains and their hybrids was grown in 250 ml YEPG medium, pH
6.0 at 30 °C in 500 ml Erlenmeyer flasks. The flasks were undergone shaking (160 rpm) at 30 °C
for 72 hours. The cultures were centrifuged to isolate yeast cells in the stationary phase. The cells
were weighted, washed twice with distilled water and then resuspended in 210 ml tap water to
prepare yeast cell suspension to be used in preparing the dough (Almeida and Pais 1996).

Dough manufactured

The following ingredients were mixed manually as well to prepare bread dough as
follows; 325 g wheat flour, 3.5 g salt, 210 ml yeast cell suspension, in addition to the following
sucrose concentrations, 0, 2, 4, 6 and 8 g sucrose to each weight of bread dough.
The dynamic of fermentation power

After baking bread dough, each sample was cut into three symmetrical cores. The cores
were weighted and directly transferred into a 500 ml baker without water. The dough was
immediately fermented in an incubator at 40 °C for 15 minutes. The dynamics of fermentation
were evaluated during the fermentation period by weighting the dough at zero time, as well as,
every 5 minutes. Dough size and weight were significantly influenced by the carbon dioxide
released by the yeast cells in bread dough(Kasaie et al. 2017).
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Testing the viability of cells with methylene blue stain

The viability of dried yeast cells was defined as the percentage of survived cells in the
whole population. This was assayed using a stain-based technique through methylene blue stain
which provide rapidly the objective results. Cell viability was important to estimate the
physiological state of yeast cells after drying which influenced dough fermentation. The mode of
action of methylene blue depends on the properties of the yeast cell membrane. The survived
cells can reduce the dye color of methylene blue and are still colorless, while dead cells are
unable to do this and therefore stained blue. This technique distinguishes between alive or dead
cells and surviving cells in the whole population (Mirek and Tecza 2014).

Survivability of cells

The survivability of yeast cells was measured as colony-forming cells per gram of dried
yeast cells. Dissolving one gram of dry yeast cells in nine ml tryptophan salt buffer and then
culturing in yeast extract peptone glucose (YEPG) medium solidified with 2% agar. Dilutions
were made if necessary. The petri dishes were incubated at 30 °C for 24 hours. Obtained data
were expressed as the percentage of yeast cell survivability (Kasaie et al. 2017).

Viability assays
The accepted level of survival was ranged between 60-80%. The values of viability were

calculated according to Luarasi et al. (2016)as follows;
Total counted cells—Total counted of dead cells

Viabilit t =
1abIlity percentage Total counted cells

Cell concentration

The cells were grown in 250 ml YEPG medium prepared in 500 ml Erlenmeyer flasks. The
flasks were undergone shaking (160 rpm) at 30 °C for 72 hours. Then, cultures were centrifuged
to isolate the biomass of cells which weighted according to Luarasi et al. (2016).

Homogeneity assessment
The degree of homogeneity between yeast hybrids and their parental strains was estimated based
on the coefficient of variation for the weight of bread dough after fermentation according to

Gomez and Gomez (1984).
Statistical analysis

All experiments conducted in this study are in triplicates. The data were subjected to the
analysis of variance (ANOVA) according to Steel and Torie (1960) to be used as the variance
components for the assessment of genetic parameters. In addition, factorial analysis was used
according to Steel and Torie (1960)to investigate the effects of multiple variables on
fermentation power. This is because factorial analysis enables geneticists to examine the main
effects of each variable and their interaction on the fermentation performance. This analysis
provides a more comprehensive understanding of the interrelationship between variables. This
technique can gain deeper insight into the effect of each variable on the fermentation power.
Interactions between variables reflected how the effects of one variable may differ across the
levels of another variable. These interactions may be additive (no interaction), synergistic
(enhances the effect) or antagonistic (diminishes the effect).
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The phenotypic and genotypic variance were estimated according to Singh and

Chaudhary (1985). In addition, heritability in a broad sense and genetic advance were estimated

according to Allard (1999). The estimated parameters included the phenotypic coefficient of

variance (PCV), genotypic coefficient of variance (GCV) and expected genetic advance (GA).

The expected genetic advance was expressed as a percentage of the mean value with an assumed
1% selection intensity by the formula of Allard (1960) as stated by Khan (1979).

3. RESULTS AND DISCUSSION
Viability of yeast cells

The results of three samples for survivability of commercial yeast are presented in Table
2. The weight of yeast cells among three samples of yeast is different between them. The weight
of the P1 genotype is higher than others and the P2 genotype has the lowest. The weight of
hybrid yeast cells is higher than the parental strains. Therefore, hybrid yeast cells have a higher
amount of live cells, leading to higher gas production than their parents. The hybrid H1 genotype
showed a biomass yield of 1.77. This means that the biomass yield by hybrid yeast cells of the
H1 genotype was increased above the mid-parents by 177%. Meanwhile, the hybrid cells of the
H> genotype produced a biomass yield reached 1.01. This means that the biomass yield by H»
genotype was increased above the mid-parent with 101%. Therefore, heterosis in biomass yield
reached 177% and 101% for the hybrid yeast cells of the H1 and H> genotypes, respectively.
This leading hybrid yeast cells had higher carbon dioxide production in the fermentation medium
than their parents. This reflected that hybrid yeast cells had a high number of colony-forming
units per gram of yeast cell suspension that led to higher fermentation performance than their
parental strains. Biomass weight was H1> Hz> P1>P3> P>. So, more biomass weight means more
viability of yeast cells and bioactivity which leads to more gas production power during
fermentation.

Table 2. Number and weight of live yeast cells and their hydrolysis in yeast suspension.

Weight of Yield of o Number of colonies / 0.1 ml
Genotypes bi : Viability .
iomass () biomass yeast cell suspension
P1 1.80 1.00 0.93 532
Ps3 1.56 1.00 1.16 444
MP 1.68 1.00 1.04 488
H: 4.66 2.77
Heterosis 1.77 1.77
P1 1.80 1.00 0.93 532
P2 1.32 1.00 0.78 110
MP 1.56 1.00 0.85 321
H: 3.14 2.01
Heterosis 1.01 1.01
F — test NS *k NS fale
LSD 0.05 4.18 0.54 2.77 219.89
0.01 6.95 0.92 4.60 365.16

NS, ** : Not significant and significance at 0.01 probability level, respectively.

www.ijaeb.org Page 155




International Journal of Agriculture, Environment and Bioresearch
Vol. 08, No. 06; 2023

ISSN: 2456-8643
The viability of dried yeast when analyzed using a stain-based method (with methylene blue)
provides the following results: P3>P1>P,. Therefore, cell viability is required for assessing the
physiological state of yeast cells after drying. The physiological state has an important influence
on fermenting bread dough and dough growth. The mechanism of action of methylene blue
depends on the properties of the cell membrane. Thus, living cells can reduce methylene blue
and remain colorless, meanwhile, dead cells are unable to do this and therefore stained blue. This
technique enables microbial geneticists to observe a single yeast cell, making a distinction
between alive or dead cells and viable cells, as well as, assessing the percentage of these two
categories among the whole population (Mirek and Tecza2014). Thus, dough prepared with a
high number of alive cells was strongly influenced by this amount of cells and its ability to retain
the gas which led the dough volume to expand.

It has been found that cell survival was P1> P3> P,. Therefore, colony counting of three
genotypes showed that the number of alive cells is different between the three genotypes. The
genotype P1 had a higher number of yeast cells than others and the P2 genotype had the lowest.
This indicated that the yeast genotype has a higher amount of live cells and may have higher gas
production power than other genotypes. So, more live yeast cells means better fermentation
performance leading to the highest volume and height of bread dough. These results agreed with
Kasaie et al. (2017), who found a positive direct correlation between yeast survivability, amount
of cell frequency unit per mg, yeast gas production power, as well as, volume and height of
fermented bread dough. According to the results obtained herein, hybrid yeast cells are the best
genotypes for the bread dough-making industry, because of their higher biomass yield that leads
to high ability of gas production. Among all parental genotypes Ps is the better genotype because
it has higher biomass yield than others. This result is due to its highest bioactivity which had a
direct correlation with gas production activity. This is in harmony with Kasaie et al. (2017), who
decided that a greater number of live yeast cells means high viability and bioactivity that leads to
high quantities of gas production power. The results obtained herein also agreed with Munteanu
et al. (2019), who found that bread dough prepared with yeast cells from Dr. Oetker and
Pakmaya recorded increases in dough height reached t0321.43%, respective226.32% versus the
initial height of dough. Meanwhile, the low viability of yeast cells from the other parental
genotypes may delay fermentation power. Therefore, the highest decrease in fermented bread
weight was recorded by hybrid yeast cells due to a larger quantity of CO., which led to an
increase in the volume of bubbles existing in the dough, where the weight declined.

Looking at the baking weight loss, it might be said that hybrid yeast cells, as well as, the
P3s genotype are the most appropriate in fermentation performance. Therefore, bread prepared
with these genotypes requires a shorter fermentation time compared with doughs prepared with
other genotypes of yeast cells. Thus, bread dough fermented with these superior yeast genotypes
had the highest porosity value leading dough to be sufficiently fermented. Therefore, bread
doughs showed higher losses in weight when using hybrid yeast cells in the fermentation
process. This is because of high gas production leading the volume of the dough to rise and
reduce in density and weight. This agrees with Munteanu et al.(2019), who demonstrated that
the fermentation process of bread dough is a major step in obtaining good quality bread with
high volume, texture, and taste of final bread product. The same authors also found that the
fermentation speed of dough is strongly influenced by the yeast genotype and dough
fermentation condition. Meanwhile, Kasaie et al. (2017) reported that one of the most significant
discussions in bread dough fermentation is the survivability and bioactivity of yeast cells. The
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same authors found that yeast sample (A) had the highest number of green cells and yeast sample
(D) had the lowest number of green cells, stained with fluorescence diacetate (FDA). In
microbial genetic tests, Kasaie et al.(2017) found that the number of viable yeast cell (A)
genotypes was highest and lowest in yeast (D) genotype. In gasography yeast (A) produced the
highest gas productivity and yeast D produced the lowest amount of CO>. In addition, bread
dough fermented with the A genotype had the highest volume and height, whereas bread
fermented with the D genotype had the lowest volume and height. Therefore, the high viability
of yeast cells leads to more CO. production which leads bread dough to high volume and height.

Homogeneity of hybrids

The degree of homogeneity was assessed depending on the coefficient of variability
(Table 3), which was used to determine the magnitude of variations within every genotype.
Hybrid Higenotype showed values lower than the check of mid-parent values at all fermentation
times under the effect of 0.0 and 4 g sucrose in the fermentation medium, indicating high
homogeneity at these concentrations. This is because the Hi genotype recorded a coefficient of
variability close to or lower than the check value.

Table 3. Coefficient of variance for the weight of bread dough fermented with yeast strains
and their hybrids under sucrose stress.

Sucrose concentrations (g/ 325 g wheat flour)/ fermentation time

Genotypes 0.00 2 4

0 5 10 15 0 5 10 15 0 5 10 15
P1 0.17 0.15 0.15 0.15 0.12 0.17 0.17 0.17 0.10 0.10 0.10 0.10
P3 0.04 0.04 0.10 0.04 0.01 0.01 0.01 0.01 0.06 0.06 0.06 0.06
MP 0.11 0.19 0.13 0.09 0.06 0.09 0.09 0.09 0.08 0.08 0.08 0.08
Hi1 0.04 0.04 0.08 0.04 023 0.20 0.20 0.20 0.07 0.07 0.07 0.07
P1 0.17 0.15 0.15 0.15 0.12 0.17 0.17 0.17 0.10 0.10 0.10 0.10
P2 0.06 0.06 0.06 0.06 0.12 0.07 0.07 0.05 0.07 0.07 0.05 0.07
MP 0.12 011 0.11 0.11 0.12 0.12 0.12 0.11 0.09 0.09 0.09 0.09
H2 0.12 0.12 0.12 0.12 0.05 0.05 0.15 0.05 0.19 0.02 0.02 0.02

Table 3. Continued.

Sucrose concentrations (g/ 325 g wheat flour)/ fermentation time

Genotypes 6 8

0 5 10 15 0 5 10 15
P1 0.03 0.03 0.03 0.03 0.05 0.05 0.05 0.05
Ps3 0.01 0.01 0.01 0.01 0.02 0.02 0.02 0.02
MP 0.02 0.02 0.02 0.02 0.03 0.03 0.03 0.03
Hi 0.05 0.05 0.05 0.05 011 011 011 o011
P1 0.03 0.03 0.03 0.03 0.05 0.05 0.05 0.05
P2 0.02 0.02 0.02 0.02 0.03 0.03 0.03 0.03
MP 0.03 0.03 0.03 0.03 0.04 0.04 0.04 0.04
H> 0.02 0.02 0.02 0.02 0.25 024 0.14 0.09
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At the remaining sucrose concentrations including 2, 6, and 8 g sucrose, the Higenotype
recorded higher values than that in check of the mid-parent, indicating high heterogeneity.
Furthermore, the Hzgenotype recorded a coefficient of variability higher than the check at all
fermentation times under the effect of 0.0 and 8 g sucrose in the fermentation medium, indicating
high heterogeneity. In addition, the hybrid H. genotype appeared the same trend after 10 minutes
of fermentation time under the effect of 2 g sucrose in the fermentation medium. Furthermore,
the H> genotype recorded coefficient of variability values lower than the mid parent under the
effect of 2, 4 and 6 g sucrose in the fermentation medium, indicating high homogeneity over
these concentrations. These results agreed with EI-Morsy et al.(2021), who reported that seven
genotypes of tomato showed a coefficient of variance lower than that in the check cultivar,
indicating high homogeneity, whereas genotypes recorded their values higher than that of the
check indicating high heterogeneity in this trait.

Generally, the degree of homogeneity differed for each genotype among the different
sucrose concentrations for the same trait, as well as, from genotype to another at the same
concentration of sucrose. These results agreed with Ahmed et al.(2017), who found that the F;
hybrid in tomatoes recorded high heterogeneity for most traits, whereas 14 selected genotypes
are enough homogenous since they recorded a coefficient of variance near or lower than those of
the two check varieties. The results are also in harmony with Islam et al.(2011), who selected
some lines of tomato from the F., F3, and F4 generations which became higher inhomogeneity
after the Fs generation, then could be considered as new lines. The heterogeneity obtained by H;
and Hzhybrids at 8 g sucrose concentration indicated that yeast hybrids adapted to new brewing
conditions, which facilitated hybrids to tolerate sucrose stress, leading to the evolution of these
genotypes. This suggests a link between hybrid genotypes and tolerance to sucrose stress
(Krogerus et al.2017). The high level of heterozygous variants is the outcome of presenting two
chromosome sets divergent, one from each parental strain.

The allele heterozygosity will be proportional to genetic divergence between the parents,
which is detrimental to the viability of hybrids in changing environments as seen at higher
sucrose concentrations (8 g). Therefore, hybridization played an important role in the evolution
of many yeast species likely adaptation to new niches. This represents the optimum range of
divergence in gene expression of successful hybrid offspring (Gabald6n2020). The results
obtained in this study are consistent with numerous studies that described Saccharomyces
cerevisiae hybrid as a suitable leavening agent for the preparation of baked products (Asyikeen
et al. 2013). The results showed that yeast hybrids were able to assimilate the higher
concentration (8 g) of sucrose. In general, Saccharomyces cerevisiae ferments the sugars present
in the dough in the following order: glucose, sucrose, fructose, as well as, lastly maltose (Oda
and Ouchi 1990). Flour from wheat contains mostly starch, maltose, sucrose, fructose, glucose,
as well as, other oligosaccharides (Randez-Gil et al. 2013). Meanwhile,2 g sucrose added to the
flour as an ingredient in the preparation of dough improved leavening performance. Overall, the
leavening properties of hybrid yeast cells which appeared heterogeneity at 8 g sucrose classify
them as probable active starters in dough fermentation. This attribute hybrids has an important
technological value. Therefore, an assessment of sucrose tolerance is needed to classify better
source-tolerance hybrid genotypes than the parental strains. This agrees with Zhou et al.(2017),
who found that yeasts isolated from high osmotic foods were more resistant to 6% NaCl than
commercial baker’s yeast. However, a high dose of sucrose exerts severe osmotic stress on yeast
cells resulting in cell damage and reduced fermentation ability (Struyf et al. 2017).To avoid this,
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yeast cells should have the appropriate resistance tools toward sucrose stress. This parameter
affects cell viability and influences the behavior of yeast cells during fermentation. Therefore,
hybrid genotypes that appeared more heterogeneous than their parents had the best performance
as a leavening agent in dough proofing and stress tolerance if compared with the parental strains.
Genetic variability parameters

As shown from the results tabularized in Table 4, the phenotypic coefficient of variance
(PCV) was greater than the genotypic coefficient of variance (GCV) values across different
concentrations of sucrose at all fermentation times. The differences between PCV and GCV were
medium. The PCV and GCV values exceeded 20% at all sucrose concentrations, except for at 6 g
sucrose. According to Deshmukh et al. (1986) PCV and GCV above 20% are regarded as high.
When these values range between 10 and 20% they are regarded as medium. If these values are
below 10% they are regarded as low.

Table 4. Genetic variability parameters influenced the weight of fermented bread dough
over fermentation time under sucrose stress.

Genetic 5 min 10 min

parameters 0 2 4 6 8 0 2 4 6

6°G 23.99 41.83 2147 254 60.78 29.89 41.75 64.88 252 24.17
6°E 72.08 12551 64.46 13.10 182.37 97.70 12526 66.45 13.07 99.56

6°P 96.07 167.34 85.93 15.64 243.15 12759 167.01 131.39 15.59 48.17
PCV % 17.76 5559 39.83 17.04 67.02 48.64 55.55 49.34 17.02 48.17
GCV% 21.05 27.79 1991 6.86 33.51 2354 27.77 3467 648 21.29
ECV% 7501 2780 19.92 10.10 33.51 25.10 27.78 14.67 10.18 26.88

H % 2497 2499 2498 16.24 24.99 23.42 2499 4937 16.16 19.53

EGA 6.49 825 6.13 1.68 9.95 6.90 824 1502 167 78.68
GAM % 5.99 761 566 156 9.19 6.39 761 1391 155 73.78

Table 4. Continued.

Genetic 15 min Mean
parameters 0 2 4 6 8 0 2 4 6 8

6°G 23.98 41.74 6440 255 99.95 25.95 41.77 50.25 254 61.63
6°E 72.03 125.23 64.41 13.18 23.48 80.60 125.33 65.11 13.11 101.80
6°P 96.01 166.97 128.81 15.73 123.43 106.55 167.10 115.37 15.65 138.25

PCV% 4214 5555 48.79 17.10 48.08 36.18 55,56 45.98 17.05 54.42

GCV% 21.06 27.77 3450 6.88 20.97 21.88 27.78 29.69 6.86 25.26

ECV% 21.08 27.78 1429 10.22 27.11 4040 27.79 16.29 10.17 29.17
H % 2497 2499 99.98 16.21 19.02 2445 2499 58.11 16.20 21.18
EGA 6.24 855 2986 1.68 5.60 6.54 835 17.00 1.68 3141

GAM% 577 790 2759 156 5.24 6.05 771 1572 156 29.40

6°G, genotypic variance; 6°E, environmental variance;6 2P, phenotypic variance; PCV (%),

phenotypic coefficient of variation in percent; GCV (%), genotypic coefficient of variation

in

percent; ECV (%), environmental coefficient of variation in percent; H (%), heritability in broad
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sense in percent; EGA, expected genetic advance; GAM (%), genetic advance as percent of mean
at 5% selection intensity.
Based on this classification PCV and GCV obtained in this study were regarded as high values.
The mean environmental coefficient of variance was relatively greater than the genotypic
coefficient of variance at 0.0,2, 6, and 8 g sucrose concentration. This indicated the greater share
of environmental variance in the total variability of fermentation. Meanwhile, the mean of the
genotypic coefficient of variance was relatively greater than the environmental coefficient of
variance under the effect of 4 g sucrose. This indicated the greater share of genotypic variance in
the total variability under the effect of 4 g sucrose in the fermentation medium.

The small difference obtained between PCV and GCV under the effect of 4 g sucrose
reflected that the environmental effect was small for the expression of fermentation genes under
this concentration of sucrose. Meanwhile, the mean of ECV was greater than GCV across the
other concentrations of sucrose. The mean of differences between ECV and GCV showed
considerable low variability. This indicates that little opportunity for improvement in
fermentation power through selection alone. Therefore, the improvement of fermentation
performance in yeast needs to induce new recombinants through hybridization followed by a
selection of superior genotypes. These results agree with Chand et al.(2008), who found that
day-to-maturity in barley appeared considerable variability, this indicated little opportunity for
improvement through selection. The genetic variability parameters were worked out in this study
to understand which of the variations were obtained due to genetic or environmental factors.
However, fermentation performance revealed PCV and GCV above 20% across all sucrose
concentrations, except for at 6 g sucrose. These are classified as high values according to
Deshmukh et al.(1986). Therefore, fermentation performance was partially governed by additive
gene action. So, there is a scope for improvement in fermentation performance through
hybridization followed by selection for further improving the yeast genotypes program. This
agrees with Wani and Khan (2006), who reported that high phenotypic and genotypic variance
indicate better chances for selection. The environmental coefficient of variance exceeds 20%
under the effect of 0, 2 and 8 g sucrose. This indicates the higher influence of environmental
factors than genetic makeup in the expression of fermentation genes. This is in harmony with
Amir et al. (2015), who decided that the larger difference between GCV and PCV is due to the
higher influence of environmental factors on that trait. In addition, Nechifor et al.
(2011)suggested that the presence of a relatively large difference between GCV and PCV was
attributed to environmental factors. Therefore, genetic variability is a prerequisite to the selection
of better genotypes in any organism.

Thousands of years of human selection have led to the loss of potentially important allelic
variation. Strategies aimed to increase genetic variations in the populations can improve the
efficiency of improving techniques. Variation can be assessed phenotypically and genotypically.
Genotypic analysis allows precise assessment of DNA variation. Meanwhile, phenotypic analysis
provides important results on the expression of important traits and their heritability. In general,
high coefficient of variations reflected that there is a scope of selection for improving these traits.
Lower values in the coefficient of variability indicated that the population needs to create
variability either by hybridization or induced mutations followed by selection as seen in this
study (Tiwari et al. 2011). The magnitude of PCV was found to be slightly higher than the
respective GCV. This might be a result of the influence of environmental factors on the
fermentation process. This agrees with Idris and Mohamad(2013), who found small differences
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between GCV and PCV for plant height and panicle length in some rice genotypes. Thus,
hybridization followed by selection based on fermentation performance would be effective in
bringing out considerable genetic improvement. Besides, there were considerable differences
between PCV and GCV. This indicates a greater influence of environmental factors on the
phenotypic performance of fermentation. Therefore, selection alone would be ineffective for
genetic improvement of fermentation expression genes.

Heritability

According to Johnson et al.(1955), heritability was classified as low (below 30%), high
(above 60%) and medium (30-60%). Considering this delineation, lower heritability values were
observed across the effect of 0, 2, 6 and 8 g sucrose. Meanwhile, medium heritability was
observed under the effect of 4 g sucrose in the fermentation medium. Low heritability values in a
broad sense indicated that fermentation performance is highly influenced by environmental
factors. Therefore, yeast geneticists must use hybridization followed by selecting superior
genotypes based on fermentation performance. The lower heritability values limit the scope of
improvement through selection. This is in harmony with Dursun (2007), who also reported low
broad-sense heritability for grain yield in Phaseolus vulgaris. The disparity in this study could be
because heritability is important for improvement not only the fermentation performance but also
for the population of yeast cells and the environment to which the genotypes are subjected.
Therefore, its ultimate value depends on the magnitude of all variance components. Thus, the
concept of heritability demonstrates whether differences obtained among genotypes arose as a
result of differences in the genetic makeup or due to environmental factors. If the heritability of a
trait is very high it reaches 80% or more. Then selection for such a trait could be easy. This is
because there was a close correspondence between the genotype and the phenotype due to the
small contribution of the environmental factors to the phenotype (Singh 2001). Therefore,
fermentation performance exhibited low heritability in this study indicating the higher effect of
environmental factors on the phenotypic expression of this trait. This leading selection alone
would be ineffective in the improvement of the fermentation process but it must be before
hybridization. Johnson et al. (1955) categorized genetic advance as a percent of mean as low (0-
10%), medium (10-20%) and high (20% and above).In this study, low heritability was coupled
with low genetic advance across the effect of 0, 2, and 6 g sucrose. Moderate heritability
(58.11%) was coupled with moderate genetic advance (15.72%) under the effect of 4 g sucrose.
In addition, low heritability (21.18%) was coupled with high genetic advance (29.40%) under the
effect of 8 g sucrose. In this respect, Johnson et al. (1955) suggested that heritability values
along with genetic advancement are more helpful than heritability value alone in predicting the
resultant influence of selecting the best genotypes. Genotypic coefficient of variation, heritability
and expected genetic advance showed considerable effects of environmental factors on
fermentation expression genes. Therefore, the improvement of the fermentation process must be
subjected to hybridization at first to increase genetic variations in the population. This is because
this trait would not have a high selection value to be improved through selection alone but it
must be before hybridization.

The low estimate of genetic advance as a percent of the mean arises from low estimates
of genotypic variance and heritability. This is in line with Eid(2009), who found low heritability
coupled with low genetic advance for plant height and number of grains per spike in wheat,
indicating slow progress of improvement through selection. The trait possessing low heritability
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coupled with high genetic advance as seen at 4 g sucrose indicates the presence of non-additive
gene action in controlling this trait. Thus, the selection procedure will not be effective for
screening the desirable trait of fermentation performance. This agreed with Sardana et
al.(2007), who suggested that high heritability values might not necessarily lead to increased
genetic gain without sufficient genetic variations existing in the population. Therefore,
heritability in conjunction with genetic advancement would present a more reliable selection
value (Johnson et al. 1955). Low estimates of genetic advance as a percent of the mean obtained
in this study indicate that fermentation performance was governed by non-additive gene action
and the heterosis procedure will be useful for improving this trait. Similar findings were obtained
by Hoque (2013)for the number of fertile tillers per panicle in rice. Therefore, hybridization
followed by selection based on the fermentation performance of hybrid genotypes could increase
the mean performance of the selected progenies (Ejara et al. 2018).

Interestingly, baker’s yeast used in fermenting bread dough was subjected to various
environmental stress conditions. This could provide useful information about its ability to carry
out fermentation under these conditions as impaired yeast. These stresses include osmotic and
ethanol stress (Phaff and Starmer 1987).In this respect, Pataro et al.(2000)suggested that most
Saccharomyces cerevisiae strains isolated from conventional fermentation were physiologically
adapted to extreme conditions. Yeast cells used in bread-making produced ethanol as a
secondary metabolite. A suitable concentration of ethanol is needed to achieve the preferred
flavor in bread making. High concentrations of ethanol are toxic to yeast cells via inhibiting cell
growth due to the destruction of cell membranes (Smit et al. 1992). Salt as one of the dough
ingredients is another stress to baker’s yeast. It modifies flavor and controls the rate of
fermentation and enzyme activity. With salt gluten holds more water and carbon dioxide leading
the dough to expand without tearing (Snodgrass 2004). Therefore, bread making industry was
influenced not only by the yeast genotypes but also by environmental factors as seen from the
genetic variability parameters assessed in this study. Thus, the dynamics of fermentation and
intensity of CO. are influenced by flour properties, dough ingredients, as well as, enzymes in the
dough (Sluimer2005).

Temperatures showed significant effects on the dough volume and the end product of
bread. The appreciable level of leaving was at 37 °C. This temperature is required for optimal
enzyme activity (Aboaba and Obakpolor 2010). The same authors found that dough volume
increased as fermentation time increased but only to a limited extent because a longer time of
fermentation (40 min) caused a drastic drop in volume. The agitation enhances the ability of the
dough to acquire more air which influences the size and quality of the bread. Istudor et al.
(2020) found that there was a correspondence between CO; values and the obtained volume of
bread dough. The level of dough fermentation is correspondence with the proving temperature
and the quantities of CO> released during a specific time. The same authors found that the
quantities of CO; released by yeast cells after 37°C de-development curve do not have a linear
pattern. Therefore, doubling the volume of dough is considered a criterion to stop the
fermentation step to start the baking step(Chevallier et al. 2012). Furthermore, Hackenberg et
al. (2017)found that the enzymatic activity in dough is influenced by grinding. This influences
the hydrolysis of fermentable carbohydrates, dough rheology and dough viscosity. They could
influence the resulting bread quality. Grinding starch granules resulted in better hydrolysis by
amylolytic enzymes leading to an increase in the substrate concentration for yeast
(Hackenbergetal.2017).
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Ethanol concentration was not the sole source causing stress in yeast cells during
fermentation. The concentration of CO> dissolved in the fermentation medium seems to play an
important role in the stress of yeast because of trehalose synthesis (Guadalupe-Daqui et al.
2023). Yeast cells can synthesize trehalose in response to physiological stressors like
temperature and high concentration of ethanol (Wang et al. 2014). Therefore, this study provides
an understanding of how environmental factors influence on fermentation process. Thus, this
investigation significantly shows the link between fermentation attributes factors typically the
yeast genotypes, as well as, environmental conditions in the bread location industry. The latter is
the main significant approach in fermentation performance based on the health of yeast
genotypes. It is interesting to note that the genetic variability parameters reflected that
fermentation performance was influenced not only by the yeast genotypes but also mainly by
environmental factors.

Factors influenced fermentation power.

As shown from the results tabulated in Table 5, the genotypes of baker's yeast showed a highly
significant effect on fermentation activity at 0, 4, 6 and 8 g sucrose concentrations. Meanwhile,
the fermentation times, as well as, the fermentation times by genotypes interaction achieved
insignificant effect on fermentation performance overall sucrose stress. This indicated that the
bioactivity of yeast genotypes is likely linked to the increase of yeast cells in suspension which
leads to gas production power. Therefore, yeast vitality had a direct correlation with gas
production ability. So, more vitality of yeast cells leads to more bioactivity and gas powering.
Therefore, heterosis in yeast confers a competitive advantage in changing environments by
facilitating transgressive phenotypes in fermentation power. This is known to be a driver of yeast
evolution and adaptation (Steensels et al. 2021). Thus, heterosis in yeast is especially important
because of the many fermentation stages in which rapid adaptation may be advantageous.
Therefore, hybrid yeast cells resulting from the large genetic distances between parental strains
are especially important to confer a competitive advantage over changing environments. A total
comparison of factors affecting fermentation power indicated that yeast genotypes are the best
factor affecting on bread dough-making industry rather than fermentation time and the
interaction between both factors. So, more live yeast cells means more vitality and bioactivity
which leads to more carbon dioxide production power.
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Table 5. Sources of variance affecting the weight of fermented bread dough at different sucrose stress.

Sum and mean squares at different sucrose concentrations

Sources of variation DF 0 2 4
SS MS F SS MS F SS MS F
Replications 2 4.33 2.16 0.08"s 0.81 041 0.03 18.03  0.02 0.001NS
Genotypes 4 10043 1O 63 300.78 7519 6.55%* 71256 096 0.04"
Fermentation times 2 0.14 0.07 0.003\S 0.03 0.02  0.001 0.04  0.02 0.001Ns
Genotypes x Fermentation times 8 013 0.02  0.001NS 0.21 0.03  0.002 0.22 0.03 0.001NS
Error 28 720.08 25.70 321.67 11.48 738.90 2@'3
Total a9 21 623.5 1469.75
Table 5.Continued.
Sum and mean squares at different sucrose concentrations
Sources of variation DF 6 8
SS MS F SS MS F
Replications 2 22.99 1149 1.69 1.86 0.93 0.03NS
Genotypes 4 172.12  43.03 6.33** 790.34 19758  6.93**
Fermentation times 2 19.36 9.68 1.42 0.02 0.01 0.00NS
Genotypes x Fermentation times 8 19.47 243  0.36 0.21 0.01 0.00NS
Error 28 190.67  6.80 789.12 28.50
Total 44 424.61 1581.55

SS, MS, F: Sum squares, mean squares, calculated F, respectively.

**: Significance at 0.01 probability level. NS: Not significant.

Reduced the weight of fermented bread dough confirmed a direct link between yeast genotypes, cell survivability, yeast gas
production, height and volume of bread. These results agreed with Kasaie et al. (2017), who found that yeast genotype A produced the
highest amount of CO2 if compared with yeast genotype D which produced the lowest amount of CO2. Therefore, bread fermented
with A genotype had the highest volume and height. In contrast, bread fermented with the D genotype had the lowest volume and
height. The same authors also concluded that the high survivability and bioactivity of yeast cells lead to increased CO2 production that
increased the volume and height of bread. The results are also in line with Krogerus et al. (2015), who found that interspecific hybrids
in Saccharomyces cerevisiae with Saccharomyces eubayanus inherited beneficial properties from both parents. These hybrids showed
apparent heterosis because they are fermenting faster and producing beer with higher alcohol content than their parents.

As shown from the results presented in Table 6, sucrose concentrations appeared significant effect on fermentation
performance by all yeast strains and their hybrids. Meanwhile, the fermentation times and sucrose concentrations by fermentation

times interaction achieved insignificant effect on fermentation power.

Table 6. Sources of variance affecting the weight of fermented bread dough by different yeast genotypes.

Sum and mean squares of different yeast genotypes

Sources of variation DE P1 P3 H1
SS MS F SS MS F SS MS F
Replications 2 5.00 250 0.06MN 20.09 10.04 1.48Ns 1.48 0.74 0.04NS
Sucrose concentrations 4 11%4'0 122.73  3.05" 175 56 43.88 6.47** 498.36 12459 6.61**
Fermentation times 2 0.366 0.024 0.001 N 0.025 0.01 0.002Ns 0.01 0.001 0.00NS
Sucrose concentrations x Fermentation times 8  227.57 28.44 0.7 0.065 0.01 0.001Ns 0.2  0.001 0'821
Error 28 11225'6 40.20 190 6.78 527.45 18.83
Total 44 24?[2'6 193.89 385.73 60.72 1027.5 144.16
Table 6. Continued.
Sum and mean squares of different yeast genotypes
Sources of variation DE P2 H2
SS MS F SS MS F
Replications 2 159.99 3250 2.46MS 2.29 0.76  0.02Ns
*
Sucrose concentrations 4 880.79 22;).1 6.77** 928.77 235'1 5'16
Fermentation times 2 0.09 0.04 0.001Ns 35.99 17.99 0.45NS
Sucrose concentrations x Fermentation times 8 0.26  0.03 0.001NS 217.38 27.17 0.67NS
Error 28 910.10 32.50 1127.33 40.26
Total 44  1951.23 28; 2 2311.76 31;3 3
SS, MS, F: Sum squares, mean squares, calculated F, respectively.
*, **: Significance at 0.05 and 0.01 probability levels, respectively. NS: Not significant.
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These results agreed with Luarasi et al. (2016), who decided that yeast cell membrane is
affected by the stresses that occur through the brewing process, especially during storage. In the
sweet dough used in this study, the ability of yeast genotypes to ferment dough under sucrose
stress is of crucial industrial importance. The assimilation of sucrose varied among the
genotypes. This indicated some metabolic diversity related to the genetic makeup of baker's
yeast that can be harnessed in industrial applications. It can be seen that the genotypes that
tolerated sucrose are very active in invertase production. Because the invertase inverts sucrose
into glucose and fructose during fermentation. Then, the content of reducing sugars decreases
because of their intense consumption by the yeast cells. This leads to be conclusion that the
hybrid genotypes have a high fermentation rate.

The leavening ability of bread dough is a result of CO> released by fermenting genotypes
which is usually Saccharomyces cerevisiae (Plyer 1973). Because they are converted
fermentable sugars in bread dough into carbon dioxide. This caused the dough to expand or rise
in volume as the CO. formed bubbles in the dough. When the dough is baked the bubbles
remaining to be giving the product a spongy texture. Dough ingredients also influence
fermentation power because they are usually agitated by mixing to create air bubbles. The dough
volume increased as agitation time increased only to a limited value because a longer time of
leavening (40 min) caused a drastic drop in volume. The agitation enhances the ability of the
dough to acquire more air. The period of bread dough mixing is significant as it influences bread
size and quality (Aboaba and Obakpolor 2010). Sweetbreads consist of high sugar
concentrations reached in some recipes to 40% sucrose per flour weight (Takagi and Shima
2015). The high dose of sucrose in bread dough exerts severe osmotic stress on Saccharomyces
cerevisiae resulting in cell damage and reduced the activity of fermentation (Struyf et al.
2017).To avoid harmful stress, Saccharomyces cerevisiae genotypes should have the appropriate
resistance mechanisms which may be better in hybrid yeast cells. Therefore, hybridization in
yeast followed by selection was preferred for obtaining the appropriate resistance mechanism
with optimal growth. This leads to the highest tolerance genotypes toward sucrose stress. The
survival of hybrid yeast cells under sucrose stress indicates that these genotypes can handle
leavening ability over a wide range of sucrose. This could have a positive impact on increasing
CO- production leading the dough volume to rise and the development of new flavors.

Sweet dough is a selective stress on the propagation of hybrid yeast cells. Therefore, the
resistance of hybrid yeast genotypes to high sucrose stress is essential to select the most
competitive starter to be used in sweet dough fermentation. So, hybrid yeast cells possess
values considered desirable in bread bread-making industry. This agrees with Almeida and
Pais (1996), who found that half of yeast strains isolated from corn and rye bread dough
produced between 400 and 500 ml of CO in three hours per 100 g of dough. According to the
results obtained by Istudor et al.(2020) about the graphics between temperature and CO;
production by compact yeast the CO. development curves are linear. Taking into this
consideration the same authors found that there is a correspondence between carbon dioxide
values and the obtained volume of fermented bread dough. The increase in CO> released by
yeast cells is very much influenced by the characteristics of flour used in preparing the dough,
as well as, the quality and quantity of yeast genotype(lstudor et al. 2020). The temperature of
the dough at the starting point of fermentation is also important. Therefore, high-quality yeast
genotypes will result in a high concentration of CO2 during fermentation time. Therefore,
Wongkhalaung and Boonyaratanakornkit (2007)found that hybrid genotypes of baker’s yeast
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achieved better maltose fermentation than their parental strains. Maltose is the main
fermentable sugar in flour ingredient. Oura et al.(1982)decided that lower invertase activity
genotypes were considered beneficial for fermentation power in low and high-sugar-containing
bread doughs. Interestingly, Wongkhalaung and Boonyaratanakornkit (2007) found that the
hybrid genotype of baker’s yeast improved leavening activity with distinctively higher scores in
sweetbread dough. It was evident that hybrid genotypes of yeast cells have high potential in
leavening activity to be used in bread bread-making industry as a result of their CO. release
leading to better bread quality if compared with their parents. Therefore, yeast genotypes
showed a significant effect on the weight of fermented bread dough in terms of total gas
production when applied in bread bread-making industry. Thus, hybrid yeast cells appeared to
be suitable for bread making industry, especially with sweet bread dough (Wongkhalaung and
Boonyaratanakornkit 2007)

Varying concentrations of sucrose were added to different doughs to improve the product
flavor and as a nutrient source for yeast cells (Nagodawithana and Trivedi 1990). If sucrose
concentration is high as in sweet dough yeast cells severe osmotic stress. This is because sucrose
damages cellular components leading to reduced fermentation power(Verstrepen et al. 2004).
Indeed, yeast cells exposed to hyperosmotic pressure exhibited rapid cell dehydration that limits
cell growth and CO.-generated capacity (Randez-Gil et al. 2003). As a consequence, the final
volume of baked products was decreased (Hernandez-Lopez et al. 2003). Therefore, baker’s
yeast needs to induce new recombinant genotypes through hybridization or mutation adapted to
the hyperosmotic stress in the doughs.

High sugar levels in dough prolong the time of fermentation that the yeast cells need to
start producing CO- at acceptable rates. Aslankoohi et al.(2015)demonstrated that yeast mutants
produced higher rates of osmolyte glycerol during overexpression of GPD1had taken a shorter
fermentation time than the wild type. The same authors also demonstrated that the total
quantities of carbon dioxide released by baker’s yeast in dough containing 18% sugar is much
lower than that in dough containing 6% sugar due to prolonging the time that the yeast cells need
to release their maximal fermentation rate. Indeed, yeast cells need to acquire osmo tolerance via
induction of stress protein expression, as well as, changes in their membrane composition
(Shima and Takagi 2009). When osmotic pressure is sensed, then yeast cells can accumulate
glycerol and trehalose (Shima and Takagi 2009). The synthesis of trehalose is catalyzed by the
glucose-dependent-trehalose synthase protein complex which is encoded by four genes (Jules et
al. 2004). Proline accumulation also confers tolerance to high sucrose stress (Sasano et al.
2012). Therefore, most strategies aimed to increase the osmo tolerance in baker’s yeast are based
upon improved accumulation of intracellular products such as glycerol, trehalose, or proline.

The time of fermentation can affect the rate of CO> released by yeast cells leading to a
decrease in the weight and density of fermented bread dough during bread dough fermentation.
Indeed, increasing fermentation time can increase dough maltose levels and the damaged starch
content, as well as, amylase activity in the flour (Potus et al. 1994). If sugars are limited, maltose
serves as a nutrient for yeast cells during fermentation. The effect of fermentation time on
generated CO: is also dependent upon the genotype of yeast. The results obtained herein agreed
with Sahlstrom et al. (2004), who found that short fermentation time was needed to reach
maximal fermentation rates with compressed yeast. Meanwhile, instant dry yeast needed
prolonged time to allow full rehydration of yeast cells to increase the fermentation rate.
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At the onset time of fermentation, gene expression changes drastically. Furthermore,
genes involved in glycerol synthesis are up-regulated at the beginning times of fermentation.
This indicated that the osmotic response is activated. This reflected that yeast cells in bread
dough suffer from severe osmotic pressure. Thus, induction of glycerol synthesis is necessary for
optimal leavening (Aslankoohi et al. 2015).In that middle fermentation phase, the genes
involved in the amino acids and vitamin metabolism, such as riboflavin and thiamin synthesis are
up-regulated. At the end of fermentation time, the cells suffer from nutrient depletion. Then, the
pathways related to starvation and stress responses are induced (Aslankoohi et al. 2013).
Hydrolysis of sucrose to glucose and fructose increases osmotic pressure on yeast cells (Evans
1990). Osmo tolerance is a factor determining the performance of yeast genotypes in high sugar
environment. Thus, Myers et al.(1997)found that invertase is the most important determinant of
fermentation activity in sweet doughs. The same authors stated that there was a strong
correlation between the performance of yeast cells in high-sugar media and their capacity to
produce and retain glycerol intracellular. It was shown that all yeast genotypes utilized respective
sugars as sucrose used in this study also produced CO,. The carbon dioxide generated during the
fermentation process is prominent as a leavening agent of dough which leads the dough volume
to expand and reduces its weight. The assimilation of sucrose varied among the yeast genotypes
which indicated some metabolic diversity in yeast genotypes. Therefore, yeast genotypes have a
significant impact on increasing the size of dough and reducing its weight, where it converts
fermentable sugars in the dough into CO>. It is interesting to note that the release of CO;
corresponded with decreasing the weight of fermented bread dough.

The dynamics and intensity of carbon dioxide released by yeast cells influenced by the
weight of fermented bread dough are affected by sucrose concentrations, yeast genotypes,
fermentation time, etc. These factors are interdependent. The fermentation process takes place if
there are optimal conditions regarding yeast genotypes, dough ingredients, and fermentation
time. Thus, the proving time under favorable conditions allows for efficient action of yeast
genotypes and enzymes in the dough (Sluimer2005).Sufficient proofing time results in products
with increased volume and high crumb structure. Whereas, excessive proofing can lead to sticky
doughs with reduced viscosity that are difficult to handle. Furthermore, excessive proofing and
fermentation times also can produce reduced costs for the bakers (Spinelli et al. 2008). Thus, the
traits necessary for good control of proofing are the proofing time, fermentation time,
temperature and relative humidity. The optimum proofing time can vary between 15 and 60
minutes, depending on dough weight, dough loaf, the quality genotype of yeast, the quantity of
yeast, fermentation temperature and relative humidity. If the bread-making industry applied a
multi-phase technological process, the proofing time would be greater than that in the direct
technological process(Burluc2007).To obtain optimal genotype performance for leavening
dough, it is important to harvest yeast cells in the early stationary phase (Rezaei et al. 2014).
Thus, optical density (OD) must be measured before harvesting yeast cells to find the best OD
for cell harvest before being used in dough inoculation. Next, tested the weight of fermented
bread dough which reflected CO> production if the weight was greatly reduced. Specifically, the
good fermentation performance of dough with hybrid yeast genotypes resulted in a highly
reduced weight of fermented bread dough if compared to bread fermented with the reference
yeast strain. This is because the size of fermented bread dough was expanded.

Bread dough fermentation is an important process in bread bread-making industry. Yeast
metabolizers flour sugars into CO. gas. The gas was diffused in the air nuclei formed in dough
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during the mixing of dough ingredients. The final CO2 volume can be over 70% of the loaf
volume. This leading the weight of fermented bread dough to reduced(Scanlon and Zghal
2001). All phases of bread bread-making industry can influence gas cell size distribution
(Bloksmal1990). Chiotellis and Campbell (2003)found that increasing the fermentation
temperature increases the final bubble size. This is partly due not only to an increased rate of
CO; production but also as a result of decreased gas solubility. Frozen dough was used for
controlling the dough expansion as shown by Le-Bail et al. (2010).A rapid freezing rate results
in better preservation of the final bread dough volume. A longer fermentation time could allow
for reaching larger volumes of dough at lower fermentation temperatures. The fermentation
needed to stop when the volume of dough was doubled to start the baking step. Chevallier et al.
(2012) decided that the increase in dough hydration increased the expansion rate. This may result
from the reduced surface tension of liquid film (less water concentrated) that surrounds the gas
bubbles which leads the dough volume to expand during fermentation.

Besides, the fermentation temperature had a very significant impact on the rate of
fermentation. Li et al. (2014) found that the mechanical forces used for grinding the dough led
starch granules to break down into smaller particulates. This increased their surface area and thus
the hydration rate. High levels of mechanical grinding leading flour starch can be better
hydrolyzed by amylolytic enzymes, in contrast to native starch which is resistant to digestion via
enzymatic reaction (Dhital et al. 2010). It must be assumed that bread dough volume increases
was associated with the decreasing in their weight due to increasing gas formation. The weight of
fermented bread dough was reduced due to enough fermentable mono-and disaccharides with
available yeast genotype which led to increasing gas formation. This in turn seems that the
enzymatic activity of hydrolyzed flour starch is influenced by grinding. This influences the
hydrolysis of fermentable carbohydrates and dough rheology, which in turn influences the
resulting bread quality (Hackenberg et al. 2017). Maltose was produced by starch hydrolysis
due to amylase, a starch-degrading enzyme in flour. The amount of mono and disaccharides in
flour reached 4mg/g of flour: Sucrose is the most abundant reaching more than 50% of the total
soluble sugars (Hutkins 2006). Sucrose is converted immediately to glucose and fructose by
yeast invertase (Sahlstrom et al. 2003).

Maltose is constantly releasing new glucose and maltose in flour starch and glucose is the
preferred sugar. Maltose is the main disaccharide formed under the action of flour amylase.
When glucose and fructose are finished, maltose concentration begins to decrease due to
hydrolysis by amylase. The yeast cells do not have the necessary enzymatic equipment for
degrading maltose (Gabriela and Daniela 2010). The content of reducing sugars decreases due
to their consumption by yeast cells. The quantity of sugars through the fermentation time varies
with the yeast genotypes used in ascending order. The yeast genotype with a high fermentation
rate revealed a high decrease in bread dough weight which no longer contains glucose (Gabriela
and Daniela 2010). The same authors found that the maximum height of dough was correlated
with the quantity of CO- released by yeast cells. From this point of view, the decrease in bread
dough weight was related to the quantities of CO> released during fermentation time, which
corresponds to glucose fermentation. Therefore, the active genotype of yeast presents the most
intensive fermentation activity. Because it adapts most easily to sucrose stress. Carbon dioxide
released by yeast cells transforms the dense mass of dough to a specific volume and flavor. No
bubbles are created during the fermentation time. The volume of bubbles already presented in the
dough can only be increased due to CO, production which leads to increasing the dough volume.
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Looking at the weight of baking loss, it might be said that yeast genotypes were affected by this
trait because of CO2 production by yeast cells. Therefore, the hybrid yeast cells are the most
appropriate in terms of bread bread-making industry.

However, genetic diversity was important in Saccharomyces cerevisiae to select high-
quality genotypes in fermentation performance. HO encodes endonuclease that causes DNA
double-strand breaks in the locus and determines sex type. This already performs a sex change
and allows the cell to mate with another cell of the opposite mating type. Hybrids are produced
in baker’s yeast by using drug resistance markers and the HO technique. CRISPR/Cas9 was used
to force DNA double-strand breaks in the mating type locus to increase the genetic diversity in
baker’s yeast and produce their hybrids(Krogerus et al. 2021). Hybridization in Saccharomyces
cerevisiae bears several advantages in brewing to isolate transgressive phenotypes that increase
fermentation performance or stress tolerance (Fu et al. 2015). Create hybrids in baker’s yeast
vary in their specificity to target genetic or phenotypic results. Efforts were made to induce yeast
hybrids in brewing broadly to increase the variability of fermentation performance in yeast.
These added depth to the complexity of fermentation performance and advanced fermentation
science based on genetic knowledge. During industrial application, yeast spend their life in
active growth and metabolism of sugars into ethanol, flavor molecules and carbon dioxide to
prepare fermented foods for human consumption(Winans2022). Therefore, yeast genotypes
showed a significant impact on the fermentation of bread dough. As shown from the results one
of the most significant impacts on bread dough fermentation is the genotypes of yeast strains.
Therefore, this study highlights the impact of genomic diversity in Saccharomyces cerevisiae on
fermentation performance. Thus, increasing research investigating the hybrid nature of modern
industrial yeast must be understood to be recognized in fermentation powering.

Baker's yeast has been a key ingredient in bread bread-making industry for at least 6,000
years. The success of genotypes in releasing CO: is an important index in the yeast industry (Ahi
et al. 2010). The fermenting power of yeast genotypes is usually determined by measuring the
weight of fermented bread dough which reflects the gas production by each genotype of yeast
cells. This agrees with Kasaie et al. (2017), who found that there was a direct correlation
between gas production and yeast vitality. So, more viability of yeast cells led to more
bioactivity and gas powering.CO> generated throughout the fermentation process is a passive
final product of yeast metabolism (Guadalupe-Daqui et al. 2023). The increased CO, caused
deleterious effects on yeast cells as a consequence of the fermentation process. Chen and
Gutmanis(1976)found significant inhibition in yeast growth if the concentration of CO, above
0.65 g/L dissolved in the media. The same authors found a 20% reduction in fermentation power
if CO2 concentration reached 1.1 g/L. Guadalupe-Daqui et al. (2023) found that each gram of
glucose produced 0.49 g ethanol and 0.47 gCO2 during fermentation. Therefore, CO. released
during fermentation time was calculated based on sugar consumption over time.

Concluding remarks

This study focused on comparison between Saccharomyces cerevisiae strains for their
survivability, as well as, between yeast strains and their hybrids for bioactivity in bread dough
fermentation. In addition, it measures genetic variability parameters influenced by fermentation
power. The viability of dried yeast after being stained with methylene blue provides the
following results: Ps> P1> P,. At the same time, the biomass weight of the P1 genotype was
higher than other parental strains. Biomass yield by hybrid yeast cells of H; and H. genotypes
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was increased by 177% and 101% over the mid-parent, respectively. These results lead hybrid
yeast cells to achieve the highest bioactivity to produce higher quantities of CO. in the
fermentation medium. Because yeast viability had a direct correlation with gas production
ability. So, more vitality of yeast cells leads to more fermentation performance and gas
powering. Fermentation tests showed a positive direct association between yeast survivability,
and gas production power, decreased the density and weight of fermented bread dough, as well
as, increased its height and volume. The biomass weight of yeast cells and their hybrids was as
follows: Hi> H>> P1> P3> Pa. Therefore, hybrid yeast cells are the most appropriate for
fermentation power. So, they require a shorter fermentation time than their parental genotypes.
High heterogeneity was obtained by the Hi genotype under the effect of 2, 6, and 8 g sucrose.
Meanwhile, the Hz genotype recorded high heterogeneity under the effect of 0.0 and 8 g sucrose
in the fermentation medium. Both H; and H> genotypes contributed to their heterogeneity at 8 g
sucrose. This indicated their adaptation to tolerate sucrose stress. So, this is the outcome of
presenting two chromosome sets divergent in the hybrid cells, one from each parent. This is
detrimental to the viability of hybrid yeast cells in changing environments. The differences
between phenotypic and genotypic coefficient of variances were greater enough. This indicated a
greater contribution of environmental variance in the total variability of fermentation
performance. This leading to the improvement of fermentation power has a little opportunity
through selection alone but it must be before hybridization. This indicates a higher influence of
environmental factors than genetic makeup in the expression of leavening ability genes. Thus,
the population of yeast cells needs to create variability either by hybridization or induced
nutation followed by selection. Fermentation performance exhibited low heritability coupled
with low or moderate genetic advance as a percent of the mean. This indicated higher effect of
environmental factors on the phenotypic expression of fermentation activity. Therefore,
fermentation power was governed by non-additive gene action and the heterosis technique has
great value for improving this trait. The temperature of the bread dough is also important at the
fermentation starting point. So, using a softer dough with a better-quality of yeast genotype will
result in a higher concentration of CO: released during the fermentation process. In conclusion,
hybrid genotype properties make them candidates of potential value for bread bread-baking
industry. Hybridization between highly divergent genotypic strains followed by selection was
needed to improve the performance of leavening ability in baker's yeast.
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