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1. Introduction 

Baker’s yeast or Saccharomyces cerevisiae is a species of 

yeast that has two mating types a and α which are 

primitive aspects of sex differentiation that lead to 

genetic recombination to produce novel combinations 

of chromosomes. Two haploid cells from the opposite 

mating types can mate to develop a diploid state, 

which can either sporulate to produce another 

generation of haploid cells or continue to exist in 

diploid cells. Mating has been demonstrated by 

geneticists as a tool to combine genes or proteins at 

will [1]. If there were abundant availability of 

nutrients, Saccharomyces cerevisiae reproduces via  

 

 
 

mitosis as diploid cells. However, as nutrients become 

scarce, the cells undergo meiosis to form haploid 

spores [2]. The Saccharomyces cerevisiae genome 

consists of about 12.156.677 base pairs distributed on 

about 6275 genes [3]. These genes are compactly 

organized on 16 chromosomes. About 5800 of these 

genes are believed to be functional [4]. The ability of 

cells to respond to environmental conditions was 

essential [5]. Sporulation and meiosis in diploid 

Saccharomyces cerevisiae were induced by starvation to 

nitrogen and fermentable carbon sources. Meiosis in 

the budding yeast, Saccharomyces cerevisiae is well-
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generated asci containing four spores, each of which 

harbors a haploid genotype [6]. Spore generation 

starts at the beginning of meiosis II. This process is 

equivalent to the formation of buds in mitosis. Each 

spore grows around a nuclear lobe at which a haploid 

genotype becomes segregated. The cells respond to 

the limitation of carbon sources by generating an 

increased number of asci containing four haploid 

spores [7]. The external stress faced by yeast cells is 

growth inhibitory agents, starvation to one or more 

nutrients. These may drive yeast cells to leave the 

mitotic cycle to enter one of these specific states as 

sporulation, switching to pseudo hyphal growth 

generating elongated chains of cells or entering the 

stationary phase, where the aged cells undergo 

programmed cell death [8]. During starvation, 

activation of a common set of stress response genes 

was achieved regardless of when the substrates were 

limited [9]. The cells entered the stationary phase cell 

cycle (GO) as a consequence of nitrogen limitation, the 

supplement of glucose does not stimulate the renewal 

of growth [10]. The genome analysis of many wild-

type strains of yeasts isolated from natural 

environments showed that they are diploid strains 

rather than haploid or polyploid [11]. Yeast cells have 

a heterozygous locus for the mating type which can 

respond to the changes in nutrient states in the 

environment in a variety of ways [12]. Starvation to a 

nitrogen source combined with the absence of a 

fermentable carbon source drives cells to enter 

meiosis and sporulation [13].  

The loaf size of yeast-fermented products appears if 

the dough gives the yeast genotype a favorable 

environment for growth and gas release [14]. Genes 

fermenting activity is defined by the quantity of gas 

generated in the dough. The fermenting power 

depends on the α and β-amylase genes transforming 

starch into maltose in addition to the quality of the 

yeast genotype [15]. Therefore, approximately 95% of 

fermenting sugars are transformed into ethyl alcohol 

and CO2, meanwhile, the residual 5% are transformed 

into superior alcohols, and organic acids, in addition 

to volatile compounds [16]. Usually, the word flour 

refers to wheat flour. If wheat flour was mixed with 

water, the gluten complex protein was formed. The 

development of gluten protein supports wheat dough 

with an elastic structure that facilitates the dough to 

be used in a variety of food types. This allows for 

generating gas bubbles in the dough structure, 

leading to the  

development of a sponge-like texture in the end 

product [17]. Most types of bread are leavened with 

the yeast Saccharomyces cerevisiae, which is mixed with 

flour, salt, and warm water or milk [17]. 

A hybridization study based on mating between 

different genotypes was successful in the isolation of 

yeast hybrids [18]. From the study of [18], some 

recombinants that resulted from hybridization 

between Saccharomyces cerevisiae and Saccharomyces 

rouxii induced a higher dough-raising capability in the 

stimulation of bread dough fermentation than the 

original strains. Hybrids may exhibit unique 

phenotypic characteristics that are not necessarily 

intermediate between both parents in the progenitors. 

Hybridization of Saccharomyces cerevisiae with cryo-

resistant mater strain produced improved offspring 

with leavening ability at low and high-sugar bread 

dough in addition to freeze-tolerant ability [19]. The 

Saccharomyces cerevisiae referred to as baker's yeast is a 

main leavening agent in the production of bread in its 

different forms [20]. Yeast cells use fermentable 

sugars containing dough to generate carbon dioxide 

and ethanol which are responsible for the leavening of 

dough at the fermentation phase [21]. The 

fermentation ability depends on the form of yeast cells, 

as well as the availability of fermentable sugars 

containing flour, as maltose results from starch 

hydrolysis [22]. The total value of mono and 

disaccharides containing flour differed with the mean 

of 4 mg per gram of flour. Sucrose is the main 

component of flour accounting for more than 50% of 

total soluble sugars [23]. The final gas volume of bread 

reached over 70% of the loaf volume [24]. The new 

bubbles are formed in dough during the agitation of 

dough ingredients. No new bubbles are formed 

during fermentation, but the volume of bubbles in 

dough can be increased via CO2 production, which 

leads to increasing the volume of dough. Thus, the 

number of pores created at this stage. If the 

fermentation stage is delayed, the acid produced by 

alcohol oxidation leads to the production of sour-

tasting products [25]. The amounts of free saccharides 

naturally contained in wheat flour range from 0.05% 

(glucose, fructose, and maltose) to 0.3% (sucrose and 

raffinose) [26]. Therefore, the main components  
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Table 1. Sources and codes of Saccharomyces cerevisiae used in this study samples. 
 

Sample code Sample Source or reference 

P1 Pakmaya Pak Gida Uretim Ve Pazarlama A. S., Made in Turkey 

P2 Holw El-Sham Holw El-Sham Company for Food Industries and Agriculture investment (S. A. E), 6 

October City, Egypt 

P3 Dream Dreem Mashreq Foods (S. A. E) New Borg El-Arab City, Alexandria, Egypt. 

 

Table 2. Antifungal agents and their concentrations used for marking yeast strains. 
 

Antifungal agents Concentration Abbreviation 

Trefflucan (Flucanazole) 150 mg/ 10 mL distilled water  Trf 

Flucoral 150 mg/ 10 mL distilled water  Flu 

Gyano-Daktarin 20 mg/10 mL distilled water  Gyn 

Benefits 250 mg/ 10 mL distilled water  Ben 

Fungi can 150 mg/ 10 mL distilled water  Fun 

Itracon (Itraconazole) 100 mg/ 10 mL distilled water  Itr 

 

of fermentable sugars containing dough are generated 

from starch degradation by amylases [27]. The 

amount of damaged starch ranged from 5 to 8% in 

wheat flour [25]. Fructans and sucrose are hydrolyzed 

into fructose and glucose by invertase secreted by S. 

cerevisiae [28]. The purpose of this study is to 

investigate how different recombinants of baker’s 

yeast hybrids can affect the leavening ability of bread 

dough under different sucrose concentrations. 

 

2. Materials and methods 

2.1. Yeast strains 

Three commercial strains of Baker’s yeast, 

Saccharomyces cerevisiae, were used in this study. These 

strains were derived from instant dry yeast purchased 

from the local market in Egypt, as shown in            Table 

1.  
 

2.2. Culture media 

Yeast extract peptone glucose (YEPG) medium 

contained yeast extract 1%, bactopeptone 2% and 

glucose 2%, solidified with 2% agar if needed, was 

used for growth and maintenance medium [29]. 

Cultivation of yeast cells was carried out in an aerobic 

condition using a 500 mL flask containing 250 mL of 

YEPG medium at 30°C. Yeast cells were collected after 

three days by centrifugation and then washed by 

twice by tap water to prepare 200 mL yeast cell 

suspension by water. This suspension contained 4-5% 

dry matter (W/V). The suspension was used to 

inoculate dough ingredients to determine leavening 

ability in terms of CO2 production. Pre-sporulation 

medium was used in this study according to [30]. In 

addition, sporulation medium was used according to 

[31].  
 

2.3. Isolation and purification of yeast strains  

Saccharomyces cerevisiae strains were actually isolated 

from reactivated dried yeast cells from three resources 

of instant dry yeast using serial dilution technique to 

isolate single colonies which were picked up and 

purified, as well as microscopically examined 

according to [32].  
 

2.4 Genetic marking  

Yeast strains were subjected to antifungal drugs for 

genetic marking using a disk diffusion technique 

according to [33].  
 

2.5. Antifungal agents 

Antifungal agents are important tools in selecting the 

generating yeast hybrids. They allow efficient 

selection of Saccharomyces cerevisiae hybrids. They are 

alternatives to auxotrophic mutants used for 

selectable genetic marking. The yeast strains were 

genetically marked with six antifungal agents, as seen 

in Table 2. The genotyping of yeast strains used in this 

study after genetically marking with antifungal agents is 

shown in Table 3. 
 

Table 3. Genetic markers in yeast strains used in this study. 
 

Strain code Genotype 

P1 Trf  -  Flu-  Gyn+  Ben+  Fun– Itr - 

P2 Trf  - Flu- Gyn- Ben+ Fun– Itr + 

P3 Trf -  Flu-  Gyn-  Ben-  Fun– Itr + 
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2.6. Hybridization technique  

One mL of yeast cell suspension grown for 24 hours at 

30° was used for mating. The mating cells that carried 

the opposite genetic markers were mixed in the pre-

sporulation medium for 24 hours at 30 0C and then 

transferred to the sporulation medium. The mated 

cells were incubated at 30 0C for 30 days on a 

sporulation medium. Single colonies that appeared 

after 30 days were microscopically tested for asci 

generation and then picked up on YEPG medium. The 

hybrid's resistance to selective antifungal drugs was 

identified to be tested for leavening ability [34]. The 

mated cells harboring the opposite genetic markers 

are presented in Table 4. 
 

Table 4. Hybridization between yeast strains harboring the 

opposite genetic markers. 
 

Parental genotypes 
Hybrid 

genotype 
Designation 

(P1) Ben+ Itr - x (P3) Ben- Itr+ Ben+ Itr+ H1 

(P1) Gyn+ Itr - x (P2) Gyn- Itr + Gyn+ Itr+ H2 
 

2.7. Preparation of dough 

The dough was prepared from 325 g of wheat flour, 

210 mL of yeast suspension in commercial tap water, 

3.5 g salt, and 9.0 mL of sunflower oil, in addition to 0, 

2, 4, and 8 g sugar. After adding all the ingredients, 

use the kneading arm for 15 minutes to manufacture 

the bread dough. Then the dough was placed in a 300 

mL beaker containing 200 mL tap water and then 

incubated at 40 0C [35]. The time needed to ferment the 

dough was recorded according to [36].  
 

2.8. Measurement of fermented bread dough weight  

A direct assay of dough weight resulting from CO2 

generation was measured using a simple device 

method according to [37]. Immediately after the 

dough was prepared small pieces of dough were 

gently rounded, weighted, and placed inside the 300 

mL baker each containing 200 mL tap water as a 

medium of fermentation, and then submerged in a 

water bath at 40 0C. The temperature of the water bath 

was adjusted to be constant at 40 0C. The fermentation 

activity was reported as the weight of bread dough in 

the baker. This increase in weight of bread dough 

during fermentation in the water medium was 

because carbon dioxide released by yeast cells was 

hydrated in the water into carbonic acid. The amount 

of gas produced was recorded as the increase in the 

weight of the bread dough piece after leavening time 

by subtracting the water absorbed by bread wheat at 

the end of fermentation time [38].  
 

2.9. Leavening profile of dough 

The dough mixture was poured into 300 mL 

measuring bakers each containing 200 mL tap water. 

After the rounded bread wheat was floated on the 

water surface, the fermentation time was recorded for 

each genotype [17].  
 

2.10. Results expression 

The experimental design included three trails. Values 

of parameters were expressed as the mean value 

according to [39].  
 

2.11. Statistical analysis 

The data were subjected to the analysis of variance 

(ANOVA) and the least significant difference (LSD) 

was used to compare between two means if the 

differences between treatments were significant at the 

P value > 0.05 [39]. The coefficient of variance reflected 

the homogeneity between hybrids with their parents 

was estimated as reported by [40]. Regression and 

correlation analysis were performed according to [40]. 
 

3. Results and discussion 

3.1.  Increase in fermented bread dough weight. 

As shown from the results obtained in Table 5, the 

increase in fermented bread dough weight at zero 

concentration of sucrose was ranged between 0.14 (P2) 

to 1.48 (P3). Under the effect of supplementation with 

2-gram sucrose, this increase was ranged between 0.14 

(P2) to 1.57 (P3). The results of supplementation with 4 

grams of sucrose showed that the increase in 

fermented bread dough weight ranged between 0.25 

(P1) to 1.97 (P3). The ability of yeast to assimilate 6 

grams of sucrose could increase the weight of 

fermented bread dough from 0.43 (P2) to 1.67 (P3). 

Meanwhile, the concentration of 8 grams of sucrose 

increased the weight of bread dough from 0.39 (P2) to 

1.46 (P3). The results showed that hybrid H2 produced 

heterosis in increasing the weight of bread dough over 

the mid parent which ranged from 46.81% at 6 grams 

of sucrose to 145.45% at zero supplementation of 

sucrose. Meanwhile, hybrid H1 produced negative 

heterosis in increasing the weight of fermented bread 

dough if compared with the mid-parent. This 

indicated that this genotype was not able to increase 

fermented bread dough  
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Table 5. Increase in fermented bread dough weight after fermentation under different sucrose concentrations. 
 

Genotypes 
Sucrose concentrations (g / 325 g wheat flour) 

0 2 4 6 8 

P1 0.51 0.68 0.25 0.51 0.52 

P2 0.14 0.14 0.51 0.43 0.39 

Mid-parent 0.33 0.41 0.38 0.47 0.46 

H2 0.81 0.67 0.77 0.69 0.75 

Heterosis 145.45 63.41 102.63 46.81 63.04 

P1 0.51 0.68 0.25 0.51 0.52 

P3 1.48 1.57 1.97 1.67 1.46 

Mid-parent 1.00 1.13 1.11 1.09 0.99 

H1 0.71 0.60 0.66 0.63 0.71 

Heterosis - 29.00 - 46.90 - 40.54 - 42.20 - 28.28 

F – Test * * NS * NS 

LSD 0.05 

         0.01 

0.75 0.65 1.31 0.82 0.83 

1.09 0.94 1.90 1.20 1.20 

NS = Not significant. * = Significance at 0.05 level of probability. 

  

weight. These results indicated that hybrid H2 

exhibited bioactivity in the fermentation medium 

than hybrid H1 at all sucrose concentrations. In 

addition, the parental strain (P3) has the best 

genotypes than other parental strains used in this 

study for increasing the weight of bread dough during 

fermentation at all concentrations of sucrose. 

Therefore, hybrid H2 resulted from hybridization 

between P1x P2, as according to the findings of this 

research well as, the parental strain P3 is the best 

genotype for the bread dough-making industry. As a 

result, this is because of their higher bioactivity, high 

number of live - cells in fermentation medium, and 

high ability to increase the weight of bread dough 

than other yeast genotypes. 

Therefore, more live yeast cells mean more viability 

and bioactivity which leads to more gas production 

power. For all genotypes used in this study, gas 

production was dependent on the yeast genotype 

which led to a high number of live cells because of 

more viability and bioactivity that lead to more gas 

production power. Higher quantities of gas 

production leading to high quantities of carbonic acid 

formed in the water medium, as a consequence the 

weight of fermented bread dough was increased. 

These results agreed with [38], who found a positive 

direct correlation between the survivability of yeast 

cells with gas production, power and the volume of 

bread. The same authors [38] reported that the high 

survivability and bioactivity of baker’s yeast exhibited 

more gas production which leads to high height and 

volume in bread. Therefore, one of the most important 

discussions in dough fermentation is the survivability 

and bioactivity of baker’s yeast cells. [41], decided that 

carbon dioxide released during dough fermentation is 

prominent as a leavening agent of dough. The 

assimilation of sucrose was varied among the yeast 

genotypes, as well as among the concentrations of 

sucrose which indicated some metabolic diversity that 

can be harnessed in industrial applications. It is 

interesting to note that supplementation of sucrose 

was not significantly affected on the production of 

carbon dioxide which is an important trait in bread 

making [42]. This indicated that the fermentable 

sugars present in the dough especially glucose and 

fructose are at enough concentrations to be converted 

into carbon dioxide which caused the doughs to rise 

and increase in their weight in water as a fermentation 

medium. Interestingly, the release of high quantifiable 

CO2 by the parental strain P3 and hybrid H2 can be 

used in other processes where CO2 gas can be trapped 

for commercial purposes. There are different sources 

of fermentable sugars in wheat flour, one of them is 

the sugars presented naturally in the flour including 

glucose, fructose, sucrose, and maltose, the second is 

any other fermentable sugars as sucrose added by the 

baker [43]. In sweet dough, the performance of yeast 

genotypes to ferment the sugars under high osmotic 

stress is of crucial and industrial importance [43]. 

High concentrations of sugar lead to high osmotic  
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Table 6. Weight of fermented bread dough under osmotic stress. 
 

Genotypes 
Sucrose concentrations (g / 325 g wheat flour) 

0 2 4 6 8 

P1 47.69 51.05 51.65 47.13 50.50 

P2 68.68 60.52 50.61 51.99 50.76 

Mid-parent 58.19 55.79 51.13 49.56 50.63 

H2 47.67 50.33 54.41 49.97 55.88 

Heterosis - 18.08 - 9.79 6.41 0.83 10.37 

P1 47.69 51.05 51.65 47.13 50.50 

P3 50.21 50.54 53.57 50.83 47.97 

Mid-parent 48.95 50.80 52.61 48.98 49.24 

H1 50.28 49.14 51.95 47.48 51.99 

Heterosis 2.72 - 3.27 - 1.25 - 3.06 5.58 

F – Test ** NS NS NS NS 

LSD 0.05 

          0.01 

10.06 10.59 15.82 12.21 13.71 

14.63 15.40 23.02 17.77 19.94 

NS = Not significant.   ** = Significance at 0.01 level of probability. 

 

stress because of the high concentration of alcohol 

released from high sugar concentrations. It is reported 

to be toxic to yeast cells due to the destruction of cell 

membranes which inhibits the growth of yeast cells 

[44]. 

An increase in the weight of fermented bread dough 

during the fermentation in the water medium may be 

due to carbon dioxide productivity, which can 

hydrate in the water into carbonic acid (H2CO3) and 

bicarbonate ions ( HCO3
− ) leading the weight and 

volume of bread dough to be increased in the water as 

a medium of fermentation. The reaction scheme was 

written according to [45], as follows: 
 

 
 

The highest concentration of H+ was about 10-4 mol 

dm-3. The reaction rates are mainly measured by the 

charge density at the carbonylic carbon atom. The 

collinear structure of CO2 is unique among all other 

carbonyl compounds. Therefore, drinking water 

contains different concentrations of CO2 which reflect 

their acidity [46]. Thus, the acidity of water refers to 

the transformation of CO2 to carbonic acid. The acidity 

of water increased with increasing the productivity of 

CO2, as well as CO2 gas dissolution. This is in line with 

[47], who reported that the rate of CO2 diffusion in 

absorbed water increases with increasing water 

temperature in the range from 50-75° C.  Therefore, 

CO2 molecules move faster in the fermentation 

medium of warm water used in this study, which 

results in higher sensitivity for the movements of CO2 

molecules through the water layers absorbed by 

fermented bread dough during the fermentation 

process in warm water. The gas cells present in the 

dough were expanded by the accumulation of carbon 

dioxide produced by baker's yeast. Carbon dioxide 

present in dough can be found as gas trapped inside 

the gas cells and dissolved in the aqueous phase 

leading the weight of fermented bread dough to be 

increased [24]. 
 

3.2. Bread dough weight 

As shown from the results tabularized in Table 6, 

there were significant differences between genotypes 

concerning the weight of fermented bread dough 

without any supplementation of sucrose. In contrast, 

all concentrations of sucrose revealed insignificant 

differences between the different genotypes for the 

weight of bread dough. Hybrid2 (H2) appeared 

heterosis in the weight of fermented bread dough at 4, 

6, and 8 g. This heterosis ranged between 0.83% at 6 g 

to 10.37% at 8 g. These results are due to the 

bioactivity of hybrid cells at the high concentrations of 

sucrose in the fermentation medium. Meanwhile, 

hybrid1 (H1) appeared positive heterosis reached to 
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2.72% and 5.58% at zero and 8 g, respectively. 

Therefore, the hybrid genotypes differed in their 

bioactivity for increasing the weight of fermented 

bread dough during the fermentation time in water as 

a medium of fermentation. 

These results indicated that H2 exhibited high 

heterosis (10.37%) for the weight of fermented bread 

dough at the high concentration of sucrose (8 g) in the 

fermentation medium. Meanwhile, H1 appeared to 

have the same trend at the same concentration of 

sucrose in the fermentation medium, when the 

heterosis reached 5.58%. The results reflected that H2 

and H1 had more living cells at the higher 

concentration of sucrose. Therefore, yeast bioactivity 

had a direct correlation with the weight of fermented 

bread dough during fermentation time. So, more 

vitality of yeast hybrids leads to more bioactivity as a 

consequence of high quantities of gas production. 

Hybrid yeast cells had higher amounts and higher 

bioactivity of live cells which led to higher gas 

production power than the parental strains. 

According to these results, hybrid yeast cells were the 

best samples in the bread dough-making industry 

because of their technical terms of bioactivity, 

survivability, and high number of live cells at the high 

concentration of sucrose in the fermentation medium. 

This leads to a high ability in gas production that 

influenced to increase the weight and volume of bread 

fermented dough during the fermentation time. These 

results are in harmony with [38], who found that yeast 

A strain genotype had the highest number of green 

cells and the highest number of viable cells due to its 

bioactivity if compared with types B, C, and D 

genotypes which had the lowest number of viable 

cells. In gasography, [38] found that yeast strain A 

genotype produced the highest amount of CO2 

leading to the highest volume and height of bread 

dough, whereas yeast strain D genotype produced the 

lowest amount of CO2, as well as the lowest volume 

and highest of fermented bread dough. For all yeast 

strains and their hybrids used in this study the weight 

of fermented bread dough after the fermentation time 

differed from one genotype to another. This is due to 

differences in gas production rate which affects the 

weight of bread dough over time. Therefore, more 

vitality of yeast cells as shown in hybrid cells used 

herein reflected bioactivity, gas production powering, 

as well as high weight, height volume, and height of 

bread dough. In the same criteria, [38] decided that the 

yeast had a higher amount of live cells and had higher 

gas production power than other yeasts. So, the 

hybrids generated in this study exhibited higher 

performance in the weight of bread dough than the 

parental genotypes, especially at the higher 

concentration of sucrose. More number of hybrid live 

cells means more survivability and bioactivity which 

leads to more gas productivity power which increases 

the weight of bread dough over time in water. So, the 

hybrid genotypes were superior in bread dough 

fermentation over time in a water medium for their 

survivability and gas production power leading to 

increase in the weight of fermented bread dough. 

These results agreed with [48], who demonstrated 

high levels of leavening activities in a total of 12 yeast 

genotypes when compared with commercial yeast. It 

is interesting to note that the high production of 

carbon dioxide by yeast hybrids is an important 

parameter for the commercial yeast-making industry. 

These hybrids were able to assimilate the high 

concentration of sucrose tested to be producing a high 

weight of fermented bread dough in relation to the 

mid-parent. Therefore, yeast specifically hybrid 

genotypes of Saccharomyces cerevisiae was preferred to 

be used in manufacturing bread dough as a leavening 

agent, where is better converts the fermentable sugars 

present in the dough into carbon dioxide which 

transfers in water medium to carbonic acid leading 

the weight of fermented bread dough to be increased. 

This causes the dough to expand and rise in weight 

because the carbon dioxide forms pockets or bubbles 

full of carbonic acid [49]. Bread dough manufacturing 

is supported by the abilities of yeast hybrid genotypes 

to ferment sugars present naturally in the dough 

especially glucose and fructose, in addition to the 

supplementation of higher sucrose concentration (8 g), 

the breakdown of which brings the release of carbon 

dioxide that caused the dough to rise in weight, 

volume, and height. The highest leavening activity 

recorded by hybrid genotypes indicates that it is the 

best biological wheat dough leavening agent obtained 

in this study because it can perform better 

fermentation than the parental genotypes used as 

controls. The results are in accordance with the 

findings of [50], who reported that species of  
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Table 7. Estimated coefficient of variance for the increase in fermented bread dough weight under sucrose stress. 
 

Genotypes Sucrose concentrations (g / 325 g wheat flour) 

0 2 4 6 8 

P1 0.021 0.121 0.153 0.096 0.039 

P2 0.048 0.123 0.159 0.114 0.459 

Mid-parent 0.034 0.122 0.156 0.105 0.249 

H2 0.143 0.188 0.367 0.134 0.092 

P1 0.021 0.121 0.153 0.096 0.039 

P3 1.177 1.018 1.798 1.203 1.141 

Mid-parent 0.599 0.570 0.975 0.650 0.590 

H1 0.222 0.125 0.280 0.094 0.046 

 

Table 8. Estimated coefficient of variance for the actually weight of fermented bread dough under sucrose stress. 
 

Genotypes 
Sucrose concentrations (g / 325 g wheat flour) 

0 2 4 6 8 

P1 0.076 0.059 0.065 0.132 0.037 

P2 0.202 0.039 0.026 0.156 0.061 

Mid-parent 0.139 0.049 0.045 0.144 0.049 

H2 0.051 0.086 0.255 0.084 0.289 

P1 0.076 0.059 0.065 0.132 0.037 

P3 0.027 0.207 0.081 0.124 0.065 

Mid-parent 0.052 0.133 0.073 0.128 0.051 

H1 0.021 0.033 0.198 0.187 0.076 

 

Saccharomyces cerevisiae isolated from palm wine were 

observed to be the best genotypes in leavening wheat 

dough. 
 

3.3. Degree of homogeneity 

The estimated coefficient of variance values for 

increasing the weight of fermented bread dough in 

water as a medium of fermentation (Table 7) showed 

that hybrid2 (H2) recorded higher values at the 

following sucrose concentrations are 0, 2, 4, and 6 g 

than those of the mid-parent. This indicated the 

highest heterogeneity in the H2 genotype since their 

cells recorded the highest coefficient of variance than 

the mid-parent. Then it could be considered as a new 

recombinant genotype. In contrast, hybrid1 (H1) 

reflected a coefficient of variance lower than those of 

the mid-parent, indicates that its genotype was 

enough homogenous with their parents. 

Regarding the weight of fermented bread dough over 

the time of fermentation (Table 8), hybrid2 (H2) 

recorded a coefficient of variance higher than the 

check values of the mid-parent at sucrose 

concentrations are 2, 4, and 8 g. This leading H2 could 

be considered heterogeneous, where its genotype 

induces high variation in the weight of fermented 

bread dough at most concentrations of sucrose. 

Meanwhile, hybrid1 (H1) showed the same trend of 

heterogeneity in the weight of fermented bread dough 

at high concentrations of sucrose including 4, 6, and 8 

g. The degree of homogeneity was assessed 

depending on the coefficient of variability, which was 

used to determine the magnitude of diversity within 

every genotype, if compared with the check value in 

the mid – parent. 

Therefore, both hybrids could be considered as new 

recombinant genotypes, since they exhibit a high 

coefficient of variance compared with those in the 

check value of the mid-parent. These results agreed 

with [51], who found that 16 new lines of tomato 

exhibited high homogeneity based on the estimated 

coefficient of variance. Meanwhile, the reports [52] 

found that the coefficient of variance differed among 

tomato genotypes for the same trait and from one trait 

to another in the same genotype. The same authors 

obtained a great diversity among 15 selected 

genotypes for all the studied traits. Generally, the 

degree of heterogeneity differed among the hybrid 

genotypes for the same trait and from one 

concentration of sucrose to another by the same  
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hybrid genotype. 
 

3.4. Correlation and regression analysis 

3.4.1. Weight of fermented bread dough 

Regression analysis describes the relationship 

between the dependent variable weight of fermented 

bread dough and the independent variable sucrose 

concentrations of the P1 genotype (Fig. 1).  
 

 

Figure 1. A scatter plot with the corresponding regression 

line and regression equation for the relationship between 

the response variable weight of fermented bread dough 

affected by the parental (P1) genotype and the independent 

variable sucrose concentrations. 
 

The regression line enables us to predict the weight of 

fermented bread dough from that of the independent 

variable sucrose concentration. Then, the regression 

coefficient (b = 0.17) represents the change in the 

dependent variable (weight of fermented bread 

dough) per unit of change in the independent variable 

(sucrose concentration). The regression coefficient 

requires attention to the units of measurement. The 

regression coefficient of 0.17 means that, in this model, 

a fermented bread dough weight increases by 0.17 g 

with each gram of sucrose added to the fermentation 

medium of the P1 genotype. Therefore, the regression 

coefficient reflects the change in the dependent 

variable fermented bread dough weight that 

corresponds to a change in the independent variable 

sucrose concentration in the fermentation medium. 

The correlation coefficient in this relationship was 

equal to + 0.131. This means that r2 = 0.017, therefore, 

1.71% of the variance in fermented bread dough 

weight is due to sugar concentration. The remaining 

98.28% could be attributed to other factors that were 

not taken into account in this analysis, such as the 

number of cells, survivability, bioactivity, etc. The 

positive correlation obtained herein indicates that the 

changes in both variables are in the same direction. 

As shown in Fig. 2 concerning the P2 genotype, the 

regression coefficient of - 4.437 means that the 

fermented bread dough weight decreases by - 4.437 g 

with each additional gram of sucrose. This may be due 

to the problem of sugar suppression leading to this 

genotype was sensitive to the higher concentration of 

sucrose. This agreed with [53], who reported that the 

acclimation of yeast genotypes to specific sugar as 

galactose reduced the glucose-induced repression on 

the transport of galactose, this repression leading to 

successful fermentation. The correlation coefficient (r 

= - 0.883) is a measure of how well the regression 

model describes the observed results. In this way, a 

negative association was obtained between the 

weights of fermented bread dough with sucrose 

concentrations. This indicated that if sucrose 

concentration increased, then the response variable 

bread dough weight decreased. Therefore, this 

relationship reflects that the changes in one variable 

are vice versa with the changes in the other variable. 

Such changes with the P2 genotype are not in the same 

direction. 

Figure 2. A scatter plot with the corresponding regression 

line and regression equation for the relationship between 

the response variable weight of fermented bread dough 

affected by the parental (P2) genotype and the independent 

variable sucrose concentrations. 

 

Fig. 3 demonstrated the relationship between the 

weight of fermented bread dough and sucrose 

fermentation by H2 genotype, the regression 

coefficient of 1.606 means that fermented bread dough  
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Figure 3. A scatter plot with the corresponding regression 

line and regression equation for the relationship between 

the response variable weight of fermented bread dough 

affected by hybrid2 (H2) resulted from the mating between 

P1 x P2 and the independent variable sucrose concentrations. 
 

weight increases by 1.606 g with each additional gram 

of sucrose inside this model. Hybrid genotype H2 

showed a strong correlation (0.749) between the 

weight of fermented bread dough and sucrose 

concentrations. This indicated that if r = 0.749, then r2 

= 0.5610. This means that approximately 56% of the 

variance in the response variable can be explained by 

the explanatory variable. This agrees with the works 

of [54], who established that correlations above 0.7 are 

considered strong associations because if r = 0.7, 

therefore r2 = 0.49. This reflects that approximately 50% 

of the variance in the dependent variable can be 

explained by the explanatory variable. The remaining 

44% is due to other factors that were not taken into 

account in the analysis. These results indicated that 

the hybrid genotype H2 was more tolerant to the high 

concentration of sucrose in the fermentation medium. 

These results agreed with [55], who decided that 

allele-specific expression in cis and in trans, is 

generally considered to play an important role in 

explaining the diversity between hybrids and 

parental lines. Therefore, heterosis is the phenomenon 

used to improve the performance of the progeny 

resulting from a cross between P1 x P2. Many of the 

improved traits are directly related to cell physiology 

and adaptation to the high concentration of sucrose. 

Thus, heterozygous genotypes perform better 

phenomenon in their gene expression in variable 

environments. Therefore, heterosis may lead to the 

formation of new species, because of increased genetic  

heterogeneity [55].  

As shown from the results presented in Fig. 4, the 

regression coefficient between fermented bread 

dough weight affected by the parental strain P3 and 

sucrose concentrations was equal to - 0.419. This 

means that fermented bread dough weight decreased 

by - 0.419 g with each additional unit gram of sucrose. 

These results indicated that the genotype P3 was 

sugar-sensitive to the high concentrations of sucrose. 

These results agree with the findings of [56], who 

found that the addition of glucose inhibits the 

transcription of glucose-repressible genes. The 

correlation coefficient (- 0.332) describes the observed 

data, which indicated that the relationship between 

both variables was negative. Therefore, if the 

independent variable sucrose concentrations 

increased, then the response variable weight of 

fermented bread dough was decreased because the 

genotype P3 was not tolerant to the high 

concentrations of sucrose. The line of regression does 

not closely approximate all the points in this Figure 

(Fig. 4). 

 

 
 

Figure 4. A scatter plot with the corresponding regression 

line and regression equation for the relationship between 

the response variable weight of fermented bread dough 

affected by the parental (P3) genotype and the independent 

variable sucrose concentrations. 

 

Rearrange Fig. 5 showed that the hybrid genotype (H1) 

appeared to have regression coefficient of 0.176 in this 

model. This means that the weight of fermented bread 

dough increases by 0.176 g with each additional gram 

of sucrose inside this model. Therefore, the regression 

coefficient should be considered together with the 

units of all of the involved variables. A positive  
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Figure 5. A scatter plot with the corresponding regression 

line and regression equation for the relationship between 

the response variable weight of fermented bread dough 

affected by hybrid1 genotype (H1) resulted from the mating 

between P1 x P3 and the independent variable sucrose 

concentrations. 

 

association obtained between both variables indicated 

that the changes of these variables are in the same 

direction because the hybrid genotype H1 was tolerant 

to sucrose concentrations. These results agreed with 

[57], who reported that in diploid species of yeast, the 

genetic loci showed additive, dominant, and epistatic 

effects. Therefore, the additive loci play a major 

important role in most traits. These loci produce the 

heritable trait variation in genetically diverse 

populations. Saccharomyces cerevisiae is a potential 

system powerful for studying non-additive genetic 

effects in diploids [57]. The results indicated that 

hybrids have no decrease in fitness, as expected if 

evolution was highly parallel if the divergent allele is 

compatible, or if heterozygosity is favored by 

selection. In addition, the hybrids exhibit breakdown 

in the trait if the opposite ancestry alleles are 

incompatible [57]. Theoretical studies [58] using 

geometric model of adaptation predict that hybrid 

breakdown is proportional to the magnitude of 

evolutionary change in parallel with the common 

ancestor [59]. Thus, the magnitude of heterosis as seen 

in this study would be greater in crosses between 

populations of the more derived benthic ecotype if 

compared with the crosses between limnetic 

populations, which are more ancestor-similar [60]. 

The reduction in the fitness of hybrids was caused by 

the segregation of incompatible alleles in recombinant 

hybrids which is termed hybrid breakdown [59]. 

However, the correlation coefficient between both 

variables is 0.145. This means that r2 = 0.0210, therefore, 

2.10% of the variance in fermented bread dough 

weight is due to sucrose concentrations. The 

remaining 85.4% is due to the genotype variation and 

other factors that were not taken into account in this 

analysis. These results agreed with [61], who 

demonstrated that if the relationship (r2) between 

height and weight in humans is 0.785, this means that 

78.5% of the variance in weight is due to the height 

and the remaining variance of 21.5% is due to the 

individual variation, which may be due to other 

factors that are not taken into account of the analysis 

such as age, exercise, sex, or eating habits. 
 

3.4.2. Increase in fermented bread dough weight 

The results diagrammatic in Fig. 6 demonstrated that 

the parental strain P1 appeared to have a negative 

association between the increase in fermented bread 

dough weight and sucrose concentrations.  
 

Figure 6. A scatter plot with the corresponding regression 

line and regression equation for the relationship between 

the response variable increase in bread dough weight 

affected by the parental (P1) genotype and the independent 

variable sucrose concentrations. 

 

The regression coefficient of this relationship of - 0.015 

means that the weight of fermented bread dough 

decreases by - 0.015 g with each additional unit (g) of 

sucrose. The correlation coefficient (- 0.154) in this 

relationship describes the observed data. This means 

that the changes of both variables are not in the same 

direction because the genotype P2 was intolerant to 

increasing sucrose concentrations. 

The regression model in Fig. 7 revealed that the  



J. Agric. Food Sci. Biotechnol.  3(1), 16-33, 2025                                                                        Mervat Ibrahim Kamal, 2025    

Page | 27 
 

https://doi.org/10.58985/jafsb.2025.v03i01.62 

regression coefficient induced by the parental 

genotype (P2) is 0.079. This means that, in this model, 

fermented bread dough weight increased by 0.079 g 

with each additional unit (g) of sucrose concentrations 

inside the figure. Thus, the correlation coefficient 

(0.728) describes the observed data. This reflected that 

r2 = 0.5299, therefore, 52.99% of the variance in 

increasing fermented bread dough weight is due to 

sucrose concentration. The remaining 47.01% is due to 

other factors that were not taken into account in the 

analysis.  

 

 

Figure 7. A scatter plot with the corresponding regression 

line and regression equation for the relationship between 

the response variable increase in bread dough weight 

affected by the parental (P2) genotype and the independent 

variable sucrose concentrations. 
 

These results indicated that the P2 genotype was 

tolerant to sucrose concentrations used in this model. 

These results are in harmony with [62], who reported 

that heterosis confers a competitive advantage by 

facilitating transgressive phenotypes in changing 

environmental conditions, which is a driver in fungal 

evolution and adaptation. This is important for yeast 

cells as many stages of fermentation and maturation 

develop a microbiologically competitive environment 

in which quick adaptation may be advantageous. 

Therefore, interspecific hybridization is a valuable 

technique for yeast development, enabling the 

combination and enhancement of the traits from both 

parental strains or species [63]. The hybrid 

development technique in this study is the rare 

mating of spores. This approach bears a highly 

successful, high-stability genome. These results in 

yeast influencing gene dosage during cellular 

processes which explains the outperformance over a 

diploid yeast of the same genetic background [63]. 

The rare mating spores needed selection markers to 

perform this technique, it is estimated to occur in one 

out of 10 million cells [64]. In a rich nutrient 

environment of yeast, mother cells reproduce 

asexually to form daughter clones. Under poor 

conditions of nitrogen as proline, the growth of yeast 

was changed to form a pseudohyphal [65]. Under the 

complete absence of nitrogen with the presence of a 

non-fermentable carbon source such as acetate, the 

yeast cells are sporulated [66]. The cell wall was 

transformed into the ascus during sporulation which 

holds four spores named tetrad. These spores divide 

equally into mating types as either a or α [67]. If the 

conditions improve, new haploid yeast (1n) can 

conjugate with the opposite mating type as they form 

a shmoo. Heterosis is often found during the early 

stages of divergence, followed by declines over longer 

time spans, as seen in the parental strains P1 and P2 

genotypes when hybrid breakdown is enduring [68]. 

As shown from the results presented in Fig. 8, the 

regression coefficient between the increase in 

fermented bread dough weight affected by the 

parental genotype P3 and sucrose concentrations was 

equal to 0.006.  

Figure 8. A scatter plot with the corresponding regression 

line and regression equation for the relationship between 

the response variable increase in bread dough weight 

affected by the parental (P3) genotype and the independent 

variable sucrose concentrations. 

 
In this model, this means that the weight of fermented 

bread dough increases by 0.006 g with each additional 

unit (g) of sucrose. The correlation coefficient between  
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both variables describe the observed data. The 

correlation coefficient in this case is 0.046. This means 

that r2 = 0.002, therefore 0.2 % of the variance in 

increasing fermented bread dough weight is due to 

sucrose concentrations. The remaining 99.80 % may be 

due to other factors that were not taken into account 

in the analysis. 

According to Fig. 9 which describes the relationship 

between the increase in fermented bread dough 

weight affected by the hybrid H1 genotype and 

sucrose concentrations, the regression coefficient is 

0.003. This means that fermented bread dough weight 

increases by 0.003 g with each additional unit (g) of 

sucrose. The correlation coefficient between both 

variables is 0.097. This means that r2 = 0.0094, therefore, 

0.94% of the variance in increasing fermented bread 

dough weight is due to sucrose concentrations. The 

remaining 99.06% is due to other factors that were not 

taken into account in the analysis. Therefore, the 

association between both variables was in the same 

direction. 

Figure 9. A scatter plot with the corresponding regression 

line and regression equation for the relationship between 

the response variable increase in bread dough weight 

affected by hybrid genotype (H1) resulted from the mating 

between P1 x P3 and the independent variable sucrose 

concentrations. 

 
 

As shown in Fig. 10 concerning the relationship 

between the response variable increasing fermented 

bread dough weight and the independent variable 

sucrose concentrations, the hybrid genotype H2 

appeared regression coefficient of - 0.01. This means 

that bread dough weight decreases by - 0.01 g with 

each additional unit of sucrose (g). The correlation  
 

 

 

Figure 10. A scatter plot with the corresponding regression 

line and regression equation for the relationship between 

the response variable increase in bread dough weight 

affected by hybrid genotype (H2) resulted from the mating 

between P1 x P2 and the independent variable sucrose 

concentrations. 
 

coefficient describes the observed data which equals - 

0.274. This means that r2 = 0.0750, then 7.50% of the 

variance in increasing the weight of fermented bread 

dough was due to sucrose concentrations and the 

remaining variance of 92.5% is due to other factors 

that were not taken into account in the analysis as 

yeast genotypes, fermentation time, dough 

ingredients, temperature ect.  The negative value of 

association between both variables indicated that the 

changes in both variables are not in the same direction. 

This means that bread dough weight was decreased 

with each unit increase in sucrose concentration. This 

indicated that the genotype H2 was intolerant to 

sucrose concentrations. These results showed that the 

hybrid genotypes showed better expression in two 

FDH genes (FDH1 and FDH2), their encodes 

converting weak acids into carbon dioxide [69]. 

Therefore, the hybrid exhibited intermediate 

properties in relation to the parental strains. The 

combination of positive alleles in hybrid genotypes 

leads to final superiority by the effect of dominance 

[70] or over dominance [71]. This is in harmony with 

[72], who found that some progenies of yeast clones 

reached about 13% revealing a good trait value as the 

best parent. This may be due to the enhancer loci 

which are located in the better parent and the silencer 

loci in the other one [73]. In addition, trans-aldolase 

(TAL) genes and format dehydrogenase (FDH) genes 

encoded conferred resistance to weak acids in the 

recombinant sucrose-fermenting yeast [74]. Therefore, 

[69] decided that FDH genes in recombinant hybrids 

of yeast may be regulated in the hybrids of 
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Saccharomyces cerevisiae. The hybrid yeast genotypes 

showed better adaptation to stress conditions of 

sucrose in the fermentation medium than parental 

strains because the genes related to the bioconversion 

of sucrose into ethanol, carbon dioxide, and other 

secondary metabolites may be naturally expressed, 

therefore, they must be preferred in industrial 

applications. This agreed with [75], who found that 

hybrid yeast genotypes were able to resist higher 

glucose concentrations in grape musts than the 

parental strains. Thus, the genome recombination in 

yeast released a novel population of hybrid genotypes 

with further improvements in fermentation, which 

illuminated the significance of heterosis in the 

improvement of fermentation in industrial yeasts. 

This is because the hybrid genotypes induced 

superior gene expression of fermentation and 

adaptation genes than those of either parent. 

Therefore, hybrid genotypes showed better 

acclimatization to the high concentration of sucrose to 

reduced sugar repression, which affects the transport 

of sugars as galactose. This is because sugar 

repression had to overcome the successful 

fermentation [53]. It is essential to show the output of 

heterozygosity that mitochondrial gene loci undergo 

recombination in heteroblastic cells [76]. In this 

criteria, [77] demonstrated that diploid yeast strains 

repressed or depressed to glucose contain the same 

amount of mitochondrial DNA packaged in 

approximately 4-5 mitochondrions in repressed cells 

or about 22 mitochondria in derepressed cells. 

Therefore, mitochondrial DNA is another significant 

factor affecting sugar repression [78] decided that one 

mole of glucose in the fermentation medium was 

converted into two mol of ethanol and two mol of 

carbon dioxide. Thus, the ability of yeast genotypes to 

produce ethanol and carbon dioxide depends on the 

initial concentration of sugars in the fermentation 

medium. Increasing sugar concentrations in the 

fermentation medium led to increasing osmotic 

pressure as appeared a negative effect on yeast 

genotypes, as shown by the parental strains used in 

this study. Therefore, the yeast genotypes need to 

adapt to changes in their fermentation medium to 

survive. Thus, [79] decided that Saccharomyces 

cerevisiae is an acidophilic microbe that grows better 

under acidic conditions ranging from 4 to 6. 

Furthermore, ethanol and CO2 are the major 

fermentation products of glucose, fructose, and 

sucrose. This is in line with [80], who found that 

produced ethanol was apparently more toxic for yeast 

genotypes than added ethanol. [81] decided that 

hexokinase II may enter the nucleus to regulate the 

repression of at least the SUC2 gene by glucose. The 

phosphorylation of hexokinase II was necessary to 

enter the nucleus and initiate glucose repression [81]. 
 

4. Conclusions  

The quest to gain diverse genotypes in baker’s yeast 

populations and novel fermentation characteristics 

from the parental genotypes remains an overarching 

goal for microbial geneticists. Hybridization 

represents an important source of genomic and 

phenotypic diversity, which plays a significant role in 

the evolution of yeast strains. The leavening ability of 

dough during bread production is a result of carbon 

dioxide produced by Saccharomyces cerevisiae. Yeast 

converts the fermentable sugars present in the dough 

into carbon dioxide. This caused the dough to expand 

as a result of carbon dioxide forming bubbles in the 

bread dough, giving the product a soft and spongy 

texture. Regression analysis is a powerful technique 

with many implications for microbial genetic research. 

It enables microbial geneticists to describe, predict, 

and estimate the relationships between the 

interrelated variables when the researchers are 

interested in examining the relationship among 

specific variables. The results obtained in this study 

detected a positive correlation between the weight of 

fermented bread dough that was leavened by P1, H1, 

and H2 genotypes and sugar concentrations. The 

weight of fermented bread dough was increased in 

the water medium of fermentation. This refers to the 

transformation of carbon dioxide into carbonic acid 

which leads to fermented bread dough to increase 

their weight and decrease their density. In contrast, if 

the fermentation medium is the atmosphere instead of 

water then the weight of fermented bread dough, it 

decreases due to CO2 production. This causes the 

dough volume to expand and reduced in its weight 

and density. Therefore, the decrease in dough density 

in the water medium of fermentation leads the dough 

cores to floating on the water surface. Hybrid 

genotypes exhibited better fermentation activity than 

their parents. The leavening value of hybrid yeast cells 

was due to their viability and increasing in their 

numbers under sucrose stress. This drove the hybrid 

genotypes to produce more quantities of CO2, leading 

the dough volume to expand and reduce in density. 
 

Ethical consent 

This study does not indicate any human or animal  



J. Agric. Food Sci. Biotechnol.  3(1), 16-33, 2025                                                                        Mervat Ibrahim Kamal, 2025    

Page | 30 
 

https://doi.org/10.58985/jafsb.2025.v03i01.62 

testing or feeding on irradiated products. 
 

Authors’ contributions 

It is not applicable because a single author 

constructed this manuscript.  
 

Acknowledgements 

The author was grateful to here foundation, Faculty 

of Agriculture, Mansoura University, as well as, to 

Mansoura University, Egypt for their logistic support. 
 

Funding 

This study was carried out with my own expense 

without any funds from any foundation. 
 

Availability of data and materials 

All data will be made available on request according 

to the journal policy. 
 

Conflicts of interest 

The author declares that this manuscript was done in 

the absence of any commercial or financial 

relationships that could be conducted as a potential 

conflict of interest. 
 

References 

1. Morgan D.O. Cell Cycle: Principles of Control. Yale J. 

Biol. Med. 2007, 80 (3), 141–142. ISBN: (Paperback) 

9780878935086. 

2. Herskowitz, I. Life cycle of the budding yeast 

Saccharomyces cerevisiae. Microbiol. Rev. 1988, 52 (4), 

536-553. https://doi.org/10.1128/mmbr.52.4.536-553. 

1988 

3. Goffeau, A.; Barrell, B.G.; Bussey, H.; Davis, R.W.; 

Dujon, B.; Feldmann, H.; Galibert, F.; Hoheisel, J.D.; 

Jacq, C.; Johnston, M.; Louis, E.J; Mewes, H.W.; 

Murakami, Y.; Philippsen, P.; Tettelin, H.; Oliver, S.G. 

Life with 6000 genes. Science. 1996, 274 (5287), 546-567.  

https://doi.org/10.1126/science.274.5287.546 

4. Botstein, D.; Chervitz, S.A.; Cherry, J.M. Yeast as a 

model organism. Science. 1997, 277 (5330), 1259–1260.  

https://doi.org/10.1126/science.277.5330.1259 

5. Schneper, L.; Düvel, K.; Broach, J.R.  Sense and 

sensibility: nutritional response and signal integration 

in yeast. Curr. Opin.  Microbiol. 2004, (6), 624-630. 

https://doi.org/10.1016/j.mib.2004.10.002 

6. Kassir, Y.; Adir, N.; Boger-Nadjar, E.; Raviv, N.G.; 

Rubin-Bejerano, I.; Sagee, S.; Shenhar, G. 

Transcriptional regulation of meiosis in budding yeast. 

Int. Rev. Cytol. 2003, 224, 111–171.  https://doi.org/10. 

1016/S0074-7696(05)24004-4 

7. Okamoto, S.; Iino, T. Selective abortion of two non-

sister nuclei in a developing ascus of the hfd-1 mutant 

in Saccharomyces cerevisiae. Genetics. 1981, 99, 197–209.  

http: //doi/ 10.1093/genetics/99.2.197 

8. Sagot, I.; Laporte, D. The cell biology of quiescent 

yeast– a diversity of individual scenarios. J. Cell Sci. 

2019, 132, 1–10. https://doi.org/10.1242/jcs.213025 

9. Galdieri, L.; Mehrotra, S.; Yu, S.; Vancura, A. 

Transcriptional regulation in yeast during diauxic shift 

and stationary phase. OMICS. 2010, 14 (6), 629-638.  

https://doi.org/10.1089/omi.2010.0069 

10. Klosinska, M.M.; Crutchfield, C.A.; Bradley, P.H.; 

Rabinowitz, J.D.; Broach, J.R. Yeast cells can access 

distinct quiescent states. Genes Develop. 2011, 25, 336-

349.  https://doi.org/10.1101/gad.2011311 

11. Tomova, A.A.; Kujumdzieva, A.V.; Petrova, V.Y. 

Carbon source influences Saccharomyces cerevisiae yeast 

cell survival strategies: quiescence or sporulation. 

Biotechnol. Biotechnol. Equip. 2019, 33 (1), 1464-1470.  

https://doi.org/10.1080/13102818.2019.1674188 

12. Gimeno, C.J.; Ljungdahl, P.O.; Styles, C.A.; Fink, G.R. 

Unipolar cell divisions in the yeast S. cerevisiae lead to 

filamentous growth: regulation by starvation and RAS. 

Cell. 1992, 68, 1077-1090.  https://doi.org/10.1016/0092-

8674(92)90079-r 

13. Freese, E.B.; Chu, M.I.; Freese, E. Initiation of yeast 

sporulation of partial carbon, nitrogen, or phosphate 

deprivation. J. Bacteriol. 1982, 149, 840-851.  https://doi. 

org/10.1128/jb.149.3.840-851.1982 

14. Sahlström, S.; Park, W.; Shelton, D. Description of 

leavening of bread dough with mathematical 

modelling. J. Food Eng. 2004, 83 (2), 143-148.  

https://doi.org/10.1016/j.jfoodeng.2007.02.014 

15. Voicu, G. Processes and equipments for bread making 

industry (Procese şi utilaje pentru panificaţie). Bren 

Publishing House, 1999. https://www.proquest.com/ 

scholarly-journals/final-bread-dough fermentation-

requirements/docview/2140032563/se-2 

16. Voica, D. Reaserches regarding yeast activity in dough. 

Technological aspects (Cercetări privind activitatea 

drojdiei în aluat. Aspecte tehnologice). Universitatea" 

Dunărea de Jos" din Galați. PhD Thesis, 2010. 

17. Aboaba, O.O.; Obakpolor, E.A. The leavening ability of 

baker’s yeast on dough prepared with composite flour 

(wheat/cassava). Afr. J. Food Sci. 2010, 4 (6), 325–329.  

18. Spencer, J.F.T.; Bizeau, C.; Reynolds, N.; Spencer, D.M. 

The use of mitochondrial mutants in hybridization of 

industrial yeast strains. VI Characterization of the 

hybrid, Saccharomyces diastaticusx, Saccharomyces rouxii; 

obtained by protoplast fusion; and its behavior in 



J. Agric. Food Sci. Biotechnol.  3(1), 16-33, 2025                                                                        Mervat Ibrahim Kamal, 2025    

Page | 31 
 

https://doi.org/10.58985/jafsb.2025.v03i01.62 

simulated dough-raising tests. Curr. Gene. 1985, 9, 649 

- 652. https://doi.org/10.1007/BF00449817 

19. Wongkhalaung, C.; Nakatomi, Y.; Takano, H. 

Hybridization and selection of Saccharomyces 

cerevisiae strains from industrial baker’s yeasts. 

Kasetsart J. (Nat. Sci.), 2004, 38, 255 - 266.  

20. Newberry, M.; Phan-Thien, N.; Larroque, O.; Tanner, R.; 

Larsen, N. Dynamic and elongation rheology of yeasted 

bread doughs. Cereal Chem. 2002, 79, 874 – 879.  

https://doi.org/10.1094/CCHEM.2002.79.6.874 

21. Rezaei. M.N.; Verstrepen, K.J.; Courtin, C.M. 

Metabolite analysis allows insight into the differences 

in functionality of 25 Saccharomyces cerevisiae strains in 

bread dough fermentation. Cereal Chem. 2015, 92, 588-

597.  https://doi.org/10.1094/CCHEM-04-15-0061-R 

22. Hutkins, R.W. Bread fermentation; in microbiology and 

technology of fermented foods. Ed. By Blackwell 

Publishing, pp. 261-299, 2006. https://doi.org/10.1002/ 

9780470277515 

23. Sahlström, S.; Park, W.; Shelton, D.R. Factors 

influencing yeast fermentation and the effect of LMW 

sugars and yeast fermentation on hearth bread quality. 

Cereal. Chem. 2003, 81(3), 328 – 335. https://doi.org/10. 

1094/CCHEM.2004.81.3.328 

24. Scanlon, M.G.; Zghal, M.C. Bread properties and crumb 

structure. FRI. 2001, 34, 841-864. https://doi.org/10. 

1016/S0963-9969(01)00109-0 

25. Struyf, N.; Maelen, E.V.; Hemdane, S.; Verspreet, J.; 

Verstrepen, K.J.; Courtin, C.M. Bread dough and 

baker’s yeast: An uplifting synergy. Comprehens. Rev. 

Food Sci. Food Saf. 2017, 16 (5), 850-867. https://doi.org/ 

10.1111/1541-4337.12282 

26. Codina, G.G.; Mironeasa, S.; Voica, D.V.; Mironeasa, C. 

Multivariate analysis of wheat flour dough sugars, gas 

production; and dough development at different 

fermentation times. Czech J. Food Sci. 2013, 31, 222-229. 

https://doi.org/10.17221/216/2012-CJFS 

27. Codina, G.G.; Leahu, A. The improvement of the 

quality of wheat flour with a lower content of alpha-

amylase through the addition of different enzymatic 

products. Sci. Pap. Agric. Ser. 2009, 52, 629-635 

28. Nilsson, U.; Oste, R.; Jagerstad, M. Cereal fructans: 

hydrolysis by yeast invertase, in vitro and during 

fermentation. J. Cereal. Sci. 1987, 6, 53-60. https://doi. 

org/10.1093/jn/118.11.1325 

29. Wongkhalaung, C.; Boonyaratanakornkit, M. 

Characterization of new baker’s yeast strains and their 

leavening ability in bread dough. Kasetsart J. (Nat. Sci.). 

2007, 41, 751-763 

30. Bähler, J.; Hagens, G.; Holzinger, G.; Scherthan, H.; 

Heyer, W.D. Saccharomyces cerevisiae cells lacking the 

homologous pairing protein p175SEP1 arrest at 

pachytene during meiotic prophase. Chromosoma, 

1994, 103 (2), 129-141 

31. Sherman, F.; Fink, G.K.; Hicks, J.B. Methods in yeast 

genetics, Cold Springer Harbor Laboratory Press, Cold 

Springer Harbor. NY, 1982. http://books.google.com/ 

books?id=lQMmAAAACAAJ 

32. Bonciu, C.; Tabacaru, C.; Bahrim, G. Yeast isolation and 

selection for bioethanol production from inulin 

hydrolysates. Innov. Roman. Food Biotechnol. 2010, 6, 

29-34. https://www.cabidigitallibrary.org ›20103343418 

33. Collins, C.H.; Lyne, P.M. Microbiological Methods. 5th 

Edition. Butterworth and Co (Publishers) Ltd. Environ. 

Eng. 1985, 116 (5), 805-828 

34. Grinsted, J.; Bennett, P.M. Methods in Microbiology: 

Plasmid Technology (second edition) Published by 

Academic Press. London, 1990. ISBN 13: 9780123039 

705 

35. Munteanu, G.; Voicu, G.; Ferdeș, M.; Ștefan, E.; 

Constantin, G.; Tudor, P. Dynamics of fermentation 

process of bread dough prepared with different types 

of yeast. Sci. Study Res. 2019, 20 (4), 575-584 

36. Gabriela, C.G.; Daniela, V. The influence of different 

forms of backery yeast Saccharomyces cerevisiae type 

strain on the concentration of individual sugars and 

their utilization during fermentation. Rom. Biotechnol. 

Lett. 2010, 15, 5417-5422 

37. Pieghambardoust, S.H.; Fallah, E.; Hamer, R.J.; Van Der 

Goot, A.J. Aeration of bread dough influenced by 

different way processing, J. Cer. Sci. 2010, 51 (1), 89-95. 

https://doi.org/10.1016/j.jcs.2009.10.002 

38. Kasaie, Z.; Rad, A.H.; Kargozari, M.; Oskouie, M.J. 

Evaluation of survivability and bioactivity of 

Saccharomyces cerevisiae in bread dough. Sci. Study Res. 

2017, 18(3), 249-257 

39. Steel, R.G.; Torrie, J.H. Principles and Procedures of   

Statistics. the Biological Sciences. McGraw Hill, New 

York, 187–287, 1960.  https://www.scirp.org/reference/ 

referencespapers?referenceid=1824018 

40. Singh, R.K.; Chaudhary, B.D. Biometrical methods in 

quantitative genetic analysis. Kalyani Publishers, New 

Delhi, India. Pp. 215-218, 1995. https://www.scirp.org/ 

reference/ReferencesPapers?ReferenceID=1435674 

41. Ogbulie, T.E.; Jude-anthony, O.N.; Njoku, H.O. 

Comparative study on the shelf-life stability of palm 

wine from Elaeis guineensis and Raphia hookeri: obtained 

from Okigwe, Nigeria. Afr. J. Biotechnol. 2007, 6 (7), 

914-922 

42. Okafor, N. Palm wine yeasts from parts of Nigeria. J. Sc.  

Fd. Agric. 1972, 23, 1399-1407.  

https://doi.org/10.1002/jsfa.2740231203 

43. Pataro, C.; Guerra, J.B.; Petrillo-Peixoto, M.L.; 

Mendonça, L.C.; Linardi, V.R.; Rosa, C.A. Yeast 



J. Agric. Food Sci. Biotechnol.  3(1), 16-33, 2025                                                                        Mervat Ibrahim Kamal, 2025    

Page | 32 
 

https://doi.org/10.58985/jafsb.2025.v03i01.62 

communities and genetic polymorphism of 

Saccharomyces cerevisiae strains associated with artisanal 

fermentation in Brazil. J. Appl. Microbiol. 2000, 89(1), 

24-31. https://doi.org/10.1046/j.1365-2672.2000.01092.x 

44. Smit, G.; Straver, M.H.; Lugtenberg, B.J.; Kijne, J.W. 

Flocculence of Saccharomyces cerevisiae cells are induced 

by nutrient limitation, with cell surface hydrophobicity 

as a major determinant. Appl. Environ. Microbiol. 1992, 

58, 3709-3714. https://doi.org/10.1128/aem.58.11.3709-

3714.1992 

45. Alvarez-Bastida, C.; Solache-Ríos, M.; Linares-

Hernández, I.; Vázquez-Mejía, G.; Fonseca-Montes, G.; 

Fuentes-Rivas, R.M.; Martínez-Miranda, V.; Esquivel-

Martínez, J. Estimation and impact of carbon dioxide 

capture on drinking water: Tillman equilibrium 

diagram. J. Wat. Clim. Ch. 2020, 11 (2), 380-389. 

https://doi.org/10.2166/wcc.2019.038 

46. Artioli, Y.; Blackford, J.C.; Butenschön, M.; Holt, J.; 

Wakelin, S.L.; Thomas, H.; Borges, A.; Allen, I. The 

carbonate system in the North Sea: sensitivity and 

model validation. Journal of Marine Systems. 2012, 102-

104, 1-13. https://doi.org/10.1016/j.jmarsys.2012.04.006 

47. Zarghami, S.; Boukadiand, F.; Al-Wahaibi, Y. Diffusion 

of carbon dioxide in formation water as a result of CO2 

enhanced oil recovery and CO2 sequestration. J. Petrol. 

Explor. Prod. Technol. 2016, 7, 161-168. https://doi.org/ 

10.1007/s13202-016-0261-7 

48. Olowonibi, O.O. Isolation and characterization of palm 

wine strains of Saccharomyces cerevisiae potentially 

useful as bakery yeasts. Eur. J. Exp. Biol. 2017, 7(2), 1-

13. https://doi.org/10.21767/2248-9215.100011 

49. Okagbue, R.N. A note on the leavening activity of 

yeasts isolated from Nigerian palm wine. J. Appl. 

Bacteriol 1988, 64, 235-240. https://doi.org/10.1111/ 

j.1365-2672.1988.tb03380.x 

50. Somiari, R.I.; Udoh, A.E. Evaluation of the performance 

of yeast isolated from the sap of Elaesisguineensis in 

dough leavening. Niger. Food J. 1993, 2, 32-4. 

https://doi.org/10.2174/1874285800802010115 

51. El-Morsy, A.E.; El-Kassas, A.I.; Kansouh, A.M.; 

Ibraheem, M.M. Selection and breeding new lines of 

tomato (Solanum Lycopersicon L.) resistance to tomato 

yellow leaf curl virus. Sinai J. Appl. Sci. 2021, 10(2), 99-

106. https://doi.org/10.21608/SINJAS.2021.75775.1024 

52. Ahmed, M.F.; Hamza, H.A.; Ibrahim, I.A.; Nower, A.A.;  

Alansary, M. Developing new Egyptian local lines of 

tomato (Solanum lycopersicum l.). Menoufia J. Plant Prod. 

2017, 2 (1), 1-10. https://doi.org/10.21608/mjppf. 

2017.124290 

53. Cho, H.; Ra, C.; Kim, S. Ethanol production from the 

seaweed Gelidium amansii, using specific sugar-

acclimated yeasts. J. Microbiol. Biotechnol. 2014, 24 (2),  

264-269. https://doi.org/ 10.4014/jmb.1307.07054 

54. Moore, D.S.; Notz, W.I.; Flinger, M.A. The basic practice 

of statistics (6th ed.). New York, NY: W. H. Freeman 

and Company, 2013.  ISBN: 9781464102547, 9781464104 

343, 9781464104336, 9781429295666,146410 

2546, 1464104344, 1464104336, 142929566X 

55. Botetan, R.; Keurentjes, J.B. The role of transcriptional 

regulation in hybrid vigor. Front. Plant Sci. 2020, 11,1-

9.  https://doi.org/10.3389/fpls.2020.00410 

56. Gancedo, J.M. Carbon catabolite repression in yeast. 

Eur. J. Biochem. 1992. 206, 297-313. https://doi.org/10. 

1111/j.1432-1033.1992.tb16928.x 

57. Matsui, T.; Mullis, M.N.; Roy, K.R.; Hale, J.J.; Schell, R.; 

Levy, S.F.; Ehrenreich, I.M. The interplay of additivity, 

dominance, and epistasis on fitness in a diploid yeast 

cross. Nat. Commun. 2022, 13, 1-14.  https://doi.org/ 

10.1038/s41467-022-29111-z 

58. Fisher, R.A. The genetical theory of natural selection. 

Oxford, UK: Oxford University Press, 1930.  ISBN: 

9780198504405 

59. Barton, N.H. The role of hybridization in evolution. 

Mol. Ecol. 2001, 10, 551-568. https://doi.org/10.1046/ 

j.1365-294x.2001.01216.x 

60. Chhina, A.K.; Thompson, K.A.; Schluter, D. Adaptive 

divergence and the evolution of hybrid trait mismatch 

in three spine stick leback. Evol. Lett. 2022, 6, 34-45. 

https://doi.org/10.1002/evl3.264. eCollection 

61. Schneider, A.; Hommel, G.; Blettner, M. Linear 

regression analysis: part 14 of a series on evaluation of 

scientific publications. Dtsch. Arztebl. Int. 2010, 107 (44), 

776-782. https://doi.org/10.3238/arztebl.2010.0776 

62. Steensels, J.; Gallone, B.; Verstrepen, K.J. Interspecific 

hybridization as a driver of fungal evolution and 

adaptation. Nat. Rev. Microbiol. 2021, 19, 485-500. 

https://doi.org/ 10.1038/s41579-021-00537-4 

63. Krogerus, K.; Magalhães, F.; Vidgren, V.; Gibson, B. 

Novel brewing yeast hybrids: Creation and application. 

Appl. Microbiol. Biotechnol. 2017, 101, 65-78. 

https://doi.org/10.1007/s00253-016-8007-5 

64. Gunge, N.; Nakatomi, Y. Genetic mechanisms of rare 

matings of the yeast Saccharomyces cerevisiae 

heterozygous for mating type. Genetics. 1972, 70, 41-58. 

https://doi.org/10.1093/genetics/70.1.41 

65. Gancedo, J.M. Control of pseudohyphae formation in 

Saccharomyces cerevisiae. FEMS Microbiol. Rev. 2001, 25, 

107-123. https://doi.org/10.1111/j.1574-6976.2001.tb0057 

3.x 

66. Esposito, R.E.; Klapholz, S. Meiosis and ascospore 

development. In the molecular biology of the yeast 

Saccharomyces: life cycle and inheritance. Edited by 

Strathern, J.N., E.W. Jones and J.R. Broach. Cold 

Springs Harbor Laboratory Press: Cold Springs Harbor.  



J. Agric. Food Sci. Biotechnol.  3(1), 16-33, 2025                                                                        Mervat Ibrahim Kamal, 2025    

Page | 33 
 

https://doi.org/10.58985/jafsb.2025.v03i01.62 

NY. USA, pp. 211-287, 1981. 

67. Liti, G. The fascinating and secret wild life of the 

budding yeast S. cerevisiae. eLife. 2015, 4, 1-9. 

https://doi.org/10.7554/eLife.05835 

68. Dagilis, A.J.; Kirkpatrick, M.; Bolnick, D.I. The 

evolution of hybrid fitness during speciation. PLoS 

Genet. 2019,15 (5), 1-21. https://doi.org/10.1371/journal. 

pgen.1008125 

69. Hasunuma, T.; Sung, K.; Sanda, T.; Yoshimura, K.; 

Matsuda, F.; Kondo, A. Efficient fermentation of xylose 

to ethanol at high formic acid concentrations by 

metabolically engineered Saccharomyces cerevisiae, Appl. 

Microbiol. Biotechnol. 2011, 90 (3), 997-1004. https://doi. 

org/10.1007/s00253-011-3085-x 

70. Zeyl, C.; Bell, G. The advantage of sex in evolving yeast 

populations. Nature. 1997, 388, 465-468. https://www. 

nature.com/articles/41312 

71. Hall, J.G.; Wills, C. Conditional overdominance at an 

alcohol dehydrogenase locus in yeast. Genetics. 1987, 

117, 421-427. https://doi.org/10.1093/genetics/117.3.421 

72. Marullo, P.; Bely, M.; Masneuf-Pomare`de, I.; Pons, M.; 

Aigle, M.; Dubourdieu, D. Breeding strategies for 

combining fermentative qualities and reducing off-

flavor production in a wine yeast model. FEMS Yeast. 

Res. 2006, 6. 268-279. https://doi.org/10.1111/j.1567-

1364.2006.00034.x 

73. Sanda, T.; Hasunuma, T.; Matsuda, F.; Kondoa, A. 

Repeated batch fermentation of lignocellulosic 

hydrolysate to ethanol using a hybrid Saccharomyces 

cerevisiae strain metabolically engineered for tolerance 

to acetic and formic acids. Biores. Technol. 2011, 102 

(17), 7917-7924. https://doi.org/10.1016/j.biortech.2011. 

06.028 

74. Belloch, C.; Orlic, S.; Barrio, E.; Querol, A. Fermentative 

stress adaptation of hybrids within the Saccharomyces  

sensu stricto complex. Int. J. Food Microbiol. 2008, 122, 

188-195. https://doi.org/10.1016/j.ijfoodmicro.2007.11. 

083 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

75. Thomas, D.Y.; Wilkie, D.  Inhibition of microbial 

synthesis in yeast by erythromycin: Cytoplasmic and 

nuclear factors controlling resistance. Gent. Res. 1968, 

11, 33-41. https://doi.org/10.1017/s0016672300011174 

76. Grimes, G.W.; Mahler, H.R.; Perlman, P.S. Nuclear gene 

dosage effects on mitochondrial mass and DNA. J. Cell 

Biol. 1974, 61, 566-574. https://doi.org/10.1083/jcb.61. 

3.565 

77. Deesuth, A.; Laopaiboon, P.; Klanrit, P.; Laopaiboon, L. 

Improvement of ethanol production from sweet 

sorghum juice under high gravity and very high 

gravity conditions: Effect of nutrient supplementation 

and aeration. Ind. Crop. Prod. 2015, 74, 95-102. 

https://doi.org/10.1016/j.indcrop.2015.04.068 

78. Narendranath, N.V.; Power, R. Relationship between 

pH and medium dissolved solids in terms of growth 

and metabolism of lactobacilli and Saccharomyces 

cerevisiae during ethanol production. Appl. Environ. 

Microbiol. 2005, 71 (5), 2239-2243. https://doi.org/10. 

1128/AEM.71.5.2239-2243.2005 

79. Novak, M.; Strehaiano, P.; Moreno, M.; Goma, G. 

Alcoholic fermentation: On the inhibitory effect of 

ethanol. Biotechnol. Bioeng. 1981, 23, 201-211. 

https://doi.org/10.1002/bit.260230113 

80. Gil, R.F.; Herrero, P.; Sanz, P.; Prieto, J.A.; Moreno, F. 

Hexokinase PII has a double cytosolic-nuclear 

localization in Saccharomyces cerevisiae. FEBS Lett, 1998, 

425, 475 – 478. https://doi.org/10.1016/s0014-5793(98) 

00289-0 

81. Herrero, P.; Martinez-Campa, C.; Moreno, F. The 

hexokinase 2 protein participates in regulatory DNA–

protein complexes necessary for glucose repression of 

the SUC2 gene in Saccharomyces cerevisiae. FEBS Lett. 

1998, 434, 71-76. https://doi.org/10.1016/s0014-

5793(98)00872-2 

 
 
 
 
 
 


