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Abstract
A total of 19 yeasts were isolated in the process of identifying the optimum starter cultures for 
the production of fruit wine. Three strains were chosen from among these isolates, purified, and 
evaluated for their ability to ferment grapefruit juice. In pure cultures, three yeast strains (S1, S2, and 
S3) that were separated from grapefruits were examined for their ability to produce fruit wine. The 
impact of starting pH on growth, growth capacity in the presence of ethanol, biomass evolution, and 
the physicochemical characteristics of the resulting wines were all ascertained. The 18S ribosomal 
DNA gene sequencing indicates that the two isolated strains (S1 and S3) are members of the species 
Debaryomyces nepalensis (96.34%) and Candida tropicalis (98.49%), respectively. The results showed 
that the (S1) and (S3) starters showed the best fermentation power with a remarkable production 
of the alcohol content which is 11.63 (%v/v) and 11.4 (%v/v) respectively, while a decrease in the 
specific density and the soluble solids rate was observed in a minimum time of (144 h). All starters 
had the ability to grow under acidic (3, 4, 5, 6) and basic (8) pH conditions, but the highest growth was 
between pH (3-4). A decrease in growth is recorded for all strains above 16 (%v/v) of ethanol. However, 
these decreases vary by strain. Culture with strain (S2) is the medium where the greatest decrease is 
observed, regardless of the ethanol content. The temperatures at which these sourdoughs could grow 
were 25 °C, 30 °C, and 35 °C. At 30 °C, the highest growth was recorded. Lastly, for the (S1) and (S3) 
yeast strains used for the wine production trial, the ideal growth conditions in terms of temperature, 
Brix, and pH were 30 °C, 30°B, and 3-4, respectively.
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INTRODUCTION 

 For producers,  who constitute a 
sizeable portion of the population, artisanal 
alcoholic beverages are a significant source of 
revenue. These traditional producers face some 
obstacles, nevertheless, such as a very short 
shelf life, a very unstable final product, and a 
wide range of organoleptic characteristics. All of 
these problems contribute to low profitability.1  
The types of starter culture being employed is 
often the cause of most of these problems. In fact, 
this one frequently comes from a fermentation 
byproduct. It is therefore an unregulated ferment 
with an undetermined composition. Its application 
frequently results in a low-quality final product that 
unavoidably experiences a quick microbiological 
change and is only marketable for a brief period 
of time, which causes revenue loss furthermore, 
these drinks contain pathogens that give them a 
character that is harmful to customers’ health in 
addition to the fermenting germs that this sort of 
ferment gives. Due to sociocultural and economic 
factors, the agri-food industry, and especially the 
handicraft industry, is severely constrained today. 
Traditional brewers, who are part of this wonderful 
group, are not exempt from this fact. They have 
to deal with the necessities that cannot be 
avoided, which are primarily the variety of items, 
the price-quality ratio, and consumer security. 
Numerous investigations were conducted in an 
effort to uncover answers. A few of them provided 
descriptions of the production procedures.2 The 
bacteria participating in this process have been 
found and described by other researchers.3,4 In 
the same line of thought, the best way to address 
these issues and supply the resources required for 
product uniformity is to employ well known starter 
cultures.5 In keeping with this suggestion, scientists 
are concentrating more on identifying fermenter 
strains and creating starter cultures.6,7 Around the 
world, experiments have been conducted with 
using yeast strains as starting cultures to produce 
fermented beverages such “cachaca”,8 “gowe”,9 
“togwa”,10 “tchapalo”,11 and “dolo”.6

 The alcoholic fermentation stage is one 
of the most crucial processes in the production of 
wines, which needs starter ferments composed 
of yeasts with physiological and technological 
characteristics in order to develop properly. 

Every strain of yeast has both fermentative 
and technical qualities. Therefore, it is widely 
known that a strain of yeast chosen for industrial 
fermentation must be able to tolerate and thrive 
at high ethanol concentrations, which are known 
to have antimicrobial properties, for the duration 
of its production. In a similar vein, this yeast 
variety needs to be chosen based on its capacity 
to withstand comparatively high temperatures 
in order to thrive in hot climates. This work 
was undertaken with the aim of evaluating the 
fermentation potential of isolated grapefruit 
yeasts under thermal, osmotic and ethanol 
stresses so that they can be exploited in the 
production of fruit wine on a semi-industrial scale.

MATERIALS AND METHODS 

Sample collection 
 Mature and ripe grapefruits (Citrus 
maxima) that have been used for the isolation of 
yeasts strains and wine production were purchased 
from an orchard located in the Ziling District, in the 
Arrondissement of Maroua I, Region of the Far-
North of Cameroon. With an average temperature 
of 25 °C in the coolest months and 36 °C in the 
hottest, as well as an average annual rainfall of 
726.2 mm, the climate is Sudano-Sahelian. The 
biological material is brought to the laboratory 
under aseptic conditions, then it is cleaned and 
washed.

Isolation and identification 
 The fruits were sliced, surface disinfected 
with 70% alcohol, cleaned with distilled water, and 
left out in the field for 48 hours to act as bait. The 
fruit juice was aseptically removed and diluted 
with sterile distilled water at a ratio of 10-6. As 
previously reported,10 yeasts were recovered 
using 0.1 mL of the proper dilutions spread plating 
of each sample on sabouraud-chloramphenicol 
agar (Difco, Detroit, MI) and yeast extract agar 
(Oxoid, England). Pure cultures were obtained 
using the traditional streaking method after 48 
hours after inoculation at 30 °C. Purified cultures 
had been stored on potato dextrose agar slants at 
-4 °C until required. Numerous physiological and 
biochemical experiments were performed on the 
isolates, including as sugar fermentation, carbon 
compound assimilation, growth at 25, 30, 35, and 
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40 °C, and growth in the presence of elevated sugar 
and ethanol levels.

Phenotypic and biochemical identification 
 Identifying physical, biochemical, and 
cultural traits has been the basis for yeast 
taxonomy.12 We decide to utilize the commercial 
API 20C AUX kit (bioMerieux, Marcy l’Etoile, 
France) to identify isolated strains.13 In accordance 
with the manufacturer’s instructions, this test is 
carried out in galleries consisting of 20 cups of 19 
different sugars and a control cup. It is predicated 
on the strains’ ability to ferment carbohydrates 
and absorb carbon and nitrogen components.  
The gallery is incubated for 24 to 48 hours at  
29 ± 2 °C after a 140 µL aliquot of the yeast 
suspension in minimal medium (API C medium, 
turbidity = 2 McFarland) is put in each cup. Using 
the bioMerieux analytical catalogue, the digital 
profiles were created from the reaction diagrams 
for identification. isolates that will resemble the 
species Saccharomyces cerevisiae described in the 
literature in terms of physical traits and profiles of 
carbohydrate absorption.14,15 Because of its distinct 
scent and capacity to absorb carbohydrates 
(glucose, galactose, sucrose, maltose, trehalose, 
and a-methyl-glucoside). 

Molecular identification 
DNA extraction 
 The Promega extraction kit (Promega 
Corporation, Madison, New England Biolabs) 
was used to extract the entire genomic DNA 
of the chosen isolates from a new colony that 
was 24 hours old and growing on Sabouraud 
Chloramphenicol agar medium. Cells we 
recollected after centrifugation (13000 rpm, 2 
min, Sigma  3K12 centrifugation system, Bioblock 
Scientific, France) and reconstituted in 293 
microliters of a 50 mM EDTA formulation. To break 
down the yeast wall, 7.5 µL of lyticase (75 units/µL) 
was then added to the solution and incubated for 60 
minutes at 37 °C. The centrifuged cells were mixed 
with 100 µL of the protein precipitation solution 
and 300 µL of the nuclear membrane lysis solution. 
After adding 300 µL of isopropanol to precipitate 
the DNA, it is rinsed with 300 µL of 70% ethanol.  
50 µL of a solution containing 10 mM Tris and 
1 mM EDTA was used to rehydrate the DNA. 

The resulting DNA solutions were kept for the 
Polymerase Chain Reaction at -20 °C.

Polymerase Chain Reaction (PCR) conditions and 
sequencing
 The PCR reactions were conducted in a 
heat cycler (TECHNE, 3PRIMEBASE/02, UK), per 
reference.16 In summary, the 50 µL PCR reaction 
mixture included 25 µL of the PCR Master mix 
(Quick Load Taq 2x from New England Biolabs), 
15 µL nuclease free water (Promega), and 0.5 
µM primers ITS1 (5'-TCC GTA GGT GAA CCT GCG 
G-3') and ITS4 (0.5'-TCC TCC GCT TAT TGA TAT 
GC-3') (Eurofins, genomic, Munich, Germany). 
The conditions for the PCR were as follows: 5 
minutes of initial denaturation at 94 °C, 30 cycles 
of denaturing at 94 °C for 1 minute, 2 minutes 
of annealing at 55 °C, 2 minutes of elongation 
at 72 °C, and 10 minutes of final elongation 
at 72 °C. In a 50 x TAE buffer (40 mM Tris, 20 
mM acetic acid, and 1 mM EDTA) containing 1 
µg/mL ethidium bromide, PCR products were 
electrophoresed at 100V on a 1% agarose gel. 
Gels were photographed after being stained with 
ethidium bromide and examined under a UV 
lamp. The final PCR product was sequenced by 
GATC Biotech (Eurofins Genomics) as described 
in previous reports.17 Using blastn, the sequences 
were compared to other sequences found in the 
National Center for Biotechnology Information’s 
(NCBI) GenBank database (http://www.ncbi.nlm.
nih.gov). Alignment with the reference sequences 
in the database is expressed as a percentage of 
homology published sequences.14,18

Fermentation capacity of isolated strains
 A fermentation test was performed 
on the chosen yeast strains in comparison to a 
reference strain. Synthetic medium and grapefruit 
juice were used to develop the strains. The 
cultures were carried out in triplicate at 25 °C and 
under static conditions in two Erlenmeyer flasks 
containing one liter of standardized YPD liquid 
media each. To guarantee anaerobic behavior, 
pre-cultures of the tested strains were added to 
Erlenmeyer flasks at a concentration of roughly  
106 cells/mL. The flasks were then sealed with 
silicone stoppers.19 Installing sterile plastic piping 
that has been soaked in water and passes through 
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the caps allows for carbon dioxide exhaust. 
Fermentation monitoring was carried out by taking 
samples of 100 mL at 0, 24, 48, 72, 96, 120 and 
144 hours of culture. The fermentation operation 
was carried out in a triplicate in order to obtain 
an average value representative of the different 
analyses. The ethanol concentration, Brix, specific 
gravity and pH in the fermented musts were 
determined at regular time intervals.

Effect of environmental stresses on the growth 
of retained strains
 Osmotic pressure, temperature, and 
ethanol concentration were examined as stressors. 
Every test was conducted using grapefruit juice 
that has been previously modified for each type 
of test. To achieve cell concentrations, close to 
5.0 on the McFarland scale, the pure cultures 
were revived by inoculating them with 9.0 mL of 
0.85% saline solution. For each of the three yeasts, 
0.02 mL of the suspension culture was added in 
triplicate to test tubes holding 10 mL of grapefruit 
juice.

Growth at different temperatures
 The strains’ development at various 
temperatures (25, 30, 35, and 40 °C) was evaluated 
by the methods described in previous reports.14 Ten 
millilitres of YPD broth were used to inoculate each 
strain. After that, the culture tubes were stirred at 
150 rpm for 72 hours at each temperature. 
 Optical densities (ODs) were measured 
at 600 nm every 24 hours and the growth of each 
strain is assessed by the ratio of the measured 
optical densities to time ‘’t’’ and at the start of 
culture according to formula 1 below:

  rOD = OD600 f / OD600i  ..(1) 

 OD600f: final optical density; OD600i: initial optical 
density

Growth at different pH levels
 The strains’ development at various 
pH values (3, 4, 5, 6, and 8) was tested by the 
method described in previous reports.14 The 
strains were previously cultivated on Sabouraud 
chloramphenicol agar for 48 hours at 30 °C. 
Each strain’s colony was then pre-cultured in 2 
milliliters of Sabouraud chloramphenicol broth. 

This pre-culture is then used to inoculate 10 mL of 
Sabouraud chloramphenicol broth, whose pH was 
adjusted using either 1 M phosphoric acid or 1 M 
NaOH, with an initial charge of 0.1 optical density 
(OD).

Osmotic pressure tolerance
 High concentrations of sugars can cause 
osmotic stress on growing yeasts.19 Various 
grapefruit juices at a Brix rate of 18, 21, 24, 
and 27 and 30 (%w/v) were prepared in 1 L 
Erlenmeyer flasks. The juices’ final pH is set at 5. 
These Brix were obtained from the starting juice 
either by dilution in distilled water or by vacuum 
concentration using a rotavapor (Buchi, Germany). 
Samples were taken at 0 h, 24 h, 48 h and 72 h for 
the determination of the biomass at 600 nm. 

Ethanol tolerance
 The method described in previous reports 
was used to assess ethanol stress.20 The pH of the 
grapefruit juice was maintained at 5.0 ± 0.1 by 
adjusting it to 12°Brix using distilled water. Fresh 
and pure colonies cultivated on boxes were used to 
obtain the strains. To inoculate the culture, these 
cells were utilized. Commercial ethanol absolute 
(Nobre 92.8°INPM) was added to the medium to 
set the alcohol content at 8%, 12%, 16%, 20%, 
and 24% (v/v). To prevent the growth of bacteria, 
5% chloramphenicol is added to the YPD broth’s 
ingredients. Using an OD measurement at 600 nm, 
cell growth was estimated.

Laboratory scale wine production testing with 
isolated strains 
 Referring to previous experiments such 
as the part on tolerance to stressors, we found 
that the optimal values for strain growth were  
30 °C for temperature, 30 (%w/v) for sugar content 
and 3-4 for pH. Alcoholic fermentation tests with 
the selected strains were carried out under these 
optimal conditions. Main ingredients used for the 
production of wine are shown in Table 1. 

Preparation singular of yeasts starters culture 
 The (S1) and (S3) were cultivated for 24 
hours at 30 °C on a rotary shaker at 60 rpm in 
sterile glucose yeast extract broth (glucose 2% 
w/v, yeast extract 1% w/v, peptone 0.5% w/v, and 
pH 4.5). Centrifugation was subsequently used 
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to separate the cells (Sigma 3K12 centrifugation 
machine, Bioblock Scientific, France) at 5000 rpm 
for 10 minutes at 4 °C. The cells were employed 
as the pre-inoculum after being rinsed twice and 
resuspended in regular saline at a concentration of 
107 cells/mL and then transferred individually into  
sterile grapefruit juice wort and incubated for 24 
h. Ten milliliters of pre-inoculum were transferred 
into a 500 milliliter Erlenmeyer flask that contained 
100 milliliters of grapefruit juice in order to create 
the inoculum. After that, the mixture was shaken 
at 60 rpm for the entire night at 30 °C. 

“Must” Preparation and Fermentation
 Wine was produced using grapefruit juice 
as the substrate. The grapefruit samples were 
washed delicately then cut into two equal parts 
using the sterile knife and pressed aseptically 
using a press device.21 Then, the juice obtained 
was filtered using a sterile cotton support with 
extremely tight pores in order to eliminate certain 
residues. The juice was then improved by adding 
cane sugar and tartaric acid to reach a pH of 3.5 
and a total soluble solids (TSS) of 30°Brix. Must is 
the name given to the improved juice. Each of the 
starting cultures (S1), (S3) and the strain control 
(Saccharomyces cerevisiae) (0.5% v/v) were added 
to the must. For seven days, the fermentation 
process was conducted at 30 °C. For the purposes 
of this investigation, three replicates were kept. 
The samples were taken out for physicochemical, 
biochemical, and microbiological analyses at 0 and 
9 days of fermentation. Three replications of the 
experiments were conducted.

Determination the Physicochemical Parameters 
of the ‘’Must’’ and ‘’Final wine’’
Determination of pH
 The Mettler Toledo 405 DPAS-SC-K8S/325 
digital pH meter was used to measure the wine 
samples pH. The electrodes were placed into 10 mL 
of the wine samples after calibration using pH 4.0 
and 7.0 buffers, and the outcomes were noted.22

Titratable acidity measurements
 The titrating method, as previously 
reported in the literature was utilized to evaluate 
the total titratable acidity.23 A beaker was filled 
with ten milliliters (10 mL) of the wine samples 
that had been collected. Two to three drops of 
one gram of phenolphthalein indicator per 100 
mL were added, and the sample was titrated with 
freshly made 0.1 M sodium hydroxide solution 
(NaOH) until the pink hue persisted for thirty 
seconds. The following formula were used to 
determine the overall titratable acidity value, 
which was given in percent of lactic acid:
 Titrable acidity (% lactic acid) = Volume 
NaOH used x Normality NaOH (0.1) x 90.08 / 
Volume of sample (mL) x 10  ... (2)

Temperature measurement
 Ten (10) mL of the “must” was put in 
a sterile beaker and a laboratory mercury bulb 
thermometer was inserted into the beaker to 
determine the temperature. The temperature 
changes in the course of the fermentation were 
recorded in degree Celsius (°C).22

Evaluation of Total Soluble Solids (TSS)
 Approximately two droplets of the 
wine samples were applied to the portable ATC 
refractometer glass tip prism (RHB 90, Shenzhen, 
China). Using the equipment eyepiece, the TSS 
concentration was measured at room temperature 
during the day.22

Determination of alcohol content 
 The technique used to determine the 
alcohol content was adapted from methods 
reported in the literature.24 In summary, a 
volumetric flask was filled with 50 milliliters of 

Table 1. Ingredients used for the production of wine

Ingredients   Type of wines

 W1 W3 WT

Grapefruit juice (mL) 500 500 500
Sucrose (%w/v) 30 30 30
Volume of starter (%v/v) 0.5 0.5 0.5
Volume distilled water (mL)  1000 1000 1000

W1: wine produced with Candida tropicalis; W3: wine 
produced with Debaromyces nepalensis; WT: wine produced 
with control strain (Saccharomyces cerevisiae)
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wine. After that, the material was gradually added 
to a 100 mL volumetric flask, and distillation was 
carried out. After gathering 45 milliliters of the 
distillate, 50 milliliters of distilled water were 
added. Using the specific gravity bottle, the specific 
gravity was ascertained. The following formula 
was utilized to determine the relevant alcoholic 
content:
 Alcohol content (% V/V) = W1-W0 / W2-
W0 × 100    ...(3)
 Where, W0 = Weight of empty bottle; W1 
= Weight of empty bottle + sample; W2 = Weight 
of empty bottle + sample + water.

Determination of dry matter
 The dry matter content of the wines 
samples was determined by drying in the forced-
air oven (Memmert-Germany) at a temperature 
of 105 °C until a constant weight was obtained 
according to the standard.25

Determination of total carbohydrates 
 Total sugar was measured using the 
phenol-sulfuric acid improved method as described 
previously.26 The glucose standard curve was used 
to determine the total sugar content expressed in 
g of glucose equivalent per 100 mL of sample (g 
GlcE/100 mL).

Determination of protein content
 The total protein content was determined 
using the Kjeldahl method.27 After adding a 
Kjeltabs catalyst pellet (3.5 g of potassium sulfate 
(K2SO4) and 0.4 g of copper sulfate (CuSO4)) to a 
mineralization tube (Kjeldahl flask) containing 5 mL 
of sample (Pe), 10 mL of concentrated H2SO4 (0.1 N) 
is added. The prepared samples undergo three (3) 
hours of mineralization (complete discolouration 
of the solution) at 450 °C on a heating block. 
After that, about 50 milliliters of distilled water 
are added to the mineralized product to dilute it. 
After that, concentrated sodium hydroxide (10 N) 
is used for distillation. The 150 mL of distillate is 
gathered in a beaker with 5 ml of colored indicator 
made of boric acid, methyl red, and bromocresol 
green. 0.1 N of HCl is added to the mixture until 
the indicator becomes pink instead of green. The 
following formula is used to calculate the protein 
content in relation to dry matter :

 % proteins/DM = [6.25 x 0.014 x 0.1x (ve-
vb) x 100/ws] x 100 / 100 - %H] ...(4)

 Where, DM = Dry matter; Vb = Burette 
drop for blank; Ve = Burette drop for distillate; 
Ws = Weight of sample; 0.1 = Hydrochloric acid 
titer; 0.014 = Molar weight of nitrogen x10-3; %H 
= Percentage by mass of water.

Determination of ascorbic acid content
 Using the 2,6-dichlorophenolindophenol 
(2,6-DCPIP) titration method, the ascorbic acid 
content is determined. The process involves 
oxidizing ascorbic acid to dehydroascorbic acid 
and reducing 2,6-DCPIP. As a result, it permits 
the measurement of ascorbic acid content in its 
reduced form. 2,6-DCPIP acts as a color indicator 
once ascorbic acid oxidation is finished, and 
its presence in solution imparts a distinctive 
pink hue.28 Formula for calculating ascorbic acid 
concentration was as follows:

 Ascorbic acid content (mg/100 mL) = (Ve-
V0) x 20 / ( (Vs-V0) x 10) × 100  ...(5)
 Where Ve: volume of 2-6 dichloro-
phenolindophenol poured to neutralize the 
“sample” metaphosphoric acid/acetic acid solution 
(mL); Vs: volume of 2-6 dichlorophenolindophenol 
poured to neutralize the ascorbic acid standard 
solution (mL); Vo: volume of 2-6-dichloro-
phenolindophenol added to neutralize the 
metaphosphoric acid/acetic acid solution (mL).

Microbiological analyses of the ‘’Must’’ and the 
final wine
 After 48 hours of incubation at 35 °C on 
Plate Count Agar, aerobic mesophilic bacteria are 
the primary focus of the total germ count. The 
procedure outlined in the standard NF V 08-051 is 
employed. The NF-V08-022 standard was followed 
for counting the yeasts. Chloramphenicol (0.05 
g/L) was added to Sabouraud agar as the isolation 
medium. After pouring and setting the agar in Petri 
plates, 100 µL of each decimal dilution was spread 
out and plated on top. Incubation was conducted 
for 72 hours at 25 °C in an oven. The medium 
used to count lactic acid bacteria is Man Rogosa 
Sharp agar. 100 µL of the stock solution or the 
retained dilutions are applied to the surface of the 
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previously poured agar on the solidified medium 
in petri dishes using a spreader rake. Anaerobic 
conditions are maintained in petri dishes at 35 °C 
for 24 to 48 hours. Eosin Blue Methylene agar was 
used to plate the total and fecal coliforms, which 
were subsequently anaerobically incubated for 24 
hours at 35 °C and 45 °C. Aerobic spore-forming 
bacterial counts: After being heated to 80 °C 
for 10 minutes in a water bath, 10 milliliters of 
the suitable dilution were quickly cooled under 
running water. After that, a 100 µL aliquot of the 
proper dilution was spread-plated onto nutrient 
agar and incubated for 48 hours at 35 °C.

Statistical analysis of data
 The results were entered into a specifically 
designed Excel database and given as mean ± SD. 
Utilizing Statgraphics Centurion 16.1 software 
(Technologies Inc., Virginia, USA), the statistical 
analysis was carried out. ANOVA, or one-way 
analysis of variance, was used to compare the 
means. A significance level of p < 0.05 was deemed 
appropriate for estimating mean differences using 
Tukey’s honestly significant difference multiple 
comparison test. The program Microsoft Excel 
2016 was used to make the graphs.

RESULTS AND DISCUSSION 

Yeast species identification 
Macroscopic and microscopic characterization 
of yeast isolates 
 Most yeasts have an oval form, as 

shown in Figure 1. Certain colonies also have a 
cylindrical shape, as seen in Figure 1. Numerous 
morphologies, including oval and cylindrical 
ones with single cells, pairs, and groups, have 
been documented for fermentative yeasts. 
The yeasts that have a matte surface, convex 
elevation, flat edges, slimy texture, white hue, 
and a colony diameter of 0.5 to 5 mm are also 
notable in Figure 1. Yeasts can produce one to ten 
ascospores per ascus generatively or vegetatively 
through multipolar budding (Figure 1). N-acetyl 
D-glucosamine and raffinose cannot be fermented 
by this yeast, although it can quickly ferment 
sucrose, glucose, and galactose.29

The isolated yeast species’ morphological and 
biochemical traits
 The isolated yeast’s morphological and 
biochemical properties are displayed in Table 2. 
Of the nineteen (19) strains isolated, only isolates 
that showed good cell growth in a liquid medium 
with a characteristic ethanol odour were tested for 
sugars using API 20C AUX galleries. Three isolated 
suspect strains exhibited fermentation activities 
similar to those of the genus Saccharomyces (Table 
2). By referring to the identification table provided 
by bioMerieux, the strains (S1) and (S3) were 
able to metabolize almost all the sugars (glucose, 
galactose, N-Acetyl D-Glucosamine, sucrose and 
raffinose) usually degraded by Saccharomyces 
cerevisiae. Similar observations have been 
described in previous reports.14,15 

Figure 1. Macroscopic observation after purification in sabouraud medium (A) and microscopic image (B) of the 
yeasts isolated
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Molecular strain identification 
Polymerase Chain Reaction (PCR) and sequencing
 The results of the ribosomal DNA 
amplification profiles of the identified yeast strains 
(S1), (S3) and the unidentified strain (S2) are 
presented in Figure 2.
 The most reliable method of identifying 
yeast species is still molecular identification, which 
includes phylogenetic classification approaches 
by internal transcript amplification (ITS1) of the 
18S region of ribosomal DNA.12 Using the BLAST 
research tool, the amplified DNA was sequenced 
and compared to other sequences in the NCBI 
database.30 Yeast isolates were found using 
sequence similarity searches in the GenBank 
database. Isolates were identified by similarity 
indices more than 95%, which was regarded as 
a perfect match. The two strains (S1) and (S3) 
that were isolated from grapefruits, respectively, 
have 98.49% homology with the species Candida 
tropicalis and 96.34% homology with the species 
Debaryomyces nepalensis, as shown in Table 
3. These identified species have been reported 
as strains involved in alcoholic fermentation, 
particularly that of craft beer production and 
wines.31-34

 The most reliable method of identifying 
yeast species is still molecular identification, which 
includes phylogenetic classification approaches 
by internal transcript amplification (ITS1) of the 
18S region of rDNA. After the amplified DNA was 
sequenced, it was compared to other sequences 
in the NCBI database using the BLAST research 
tool. Yeast isolates were found using sequence 
similarity searches in the GenBank database. 
Isolates were identified by similarity indices more 
than 95%, which was regarded as a perfect match. 
The two strains (S1) and (S3) that were isolated 
from grapefruits, respectively, have 98.49% 
homology with the species Candida tropicalis and 
96.34% homology with the species Debaryomyces 
nepalensis, as shown in Table 3. These identified 
species have been reported as strains involved in 
alcoholic fermentation, particularly that of craft 
beer production and wines.

Testing the fermentability of isolates 
Changes in the total alcohol and soluble solids 
content throughout the fermentation process 
 Figure 3(A) and Figure 3(B) display the 
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outcomes of the wort’s fermentation-related 
changes in its total alcohol and soluble solids 
content, respectively. From the analysis of 
the results in Figure 3, it can be seen that the 
purification procedure by successive cultures 
on the specific PDA medium showed that these 
strains had a predominant fermentative character. 
Indeed, the four strains tested were able to 
metabolize, with varying degrees, the fermentable 
sugars present in the wort. However, strains (S1) 
and (S3) gave the highest ethanol production 
which was about 11.63 (%v/v) and 11.4 (%v/v) in 
a minimum time of (144 h) respectively. While the 
control strain T produced a high alcohol content 
that about 12.5 (%v/v) in (144 h). Only the strain 
(S2) had the lowest alcohol content, which is 
around 8.2 (%v/v) produced in (144 h; During 
fermentation, the amount of alcohol in fermenting 
wort rises. The metabolism of yeasts, which 
consume the carbohydrates in the wort constantly 
until all of the available sugars have been utilized, 

is responsible for this growth. This outcome aligns 
with the research reported by other researchers.35

 This evolution of soluble solids during 
fermentation is shown in Figure 3B. At the end of 
these results, we note that there is a remarkable 
decrease in sugars in all the strains used, but 
to varying degrees. This value drops from 22 to 
14°Brix for (S1), from 22 to 16.4°Brix for (S2), 
22 to 14.4°Brix and 22 to 13.6°Brix for (S3) and 
the Control strain, respectively. This decline is 
predominantly evident within the first 48 hours 
for the four strains (Figure 3B). The kinetics of 
alcohol formation are proportional to the amount 
of sugar present in the wort, as demonstrated 
by the evolution of the alcohol content during 
fermentation. The decrease in TSS from wines was 
a sign that the wine yeast was using sugar sources 
to produce ethanol. Similar outcomes, namely a 
slow decline in sugar and an increase in ethanol, 
were noted as the bael fruits fermented into 
wine.36 The decrease in soluble solids and increase 

Table 3. Yeast strains identified through search for similarity GenBank database of (NCBI) 
 
Isolate  Isolates Genbank Percent of GenBank
code No. corresponding identity  Accession No.
  species  of reference
    species
    18S rDNA
  
S1 493 Candida tropicalis       98.49% NR_111250.1
S3 578 Debaromyces nepalensis      96.34% NR_130651.1
S2 - - - -

Key:  S1 = Candida Tropicalis; S3 = Debaromyces nepalensis; S2 = Strains no identified

Figure 2. Isolate Electropherograms and reference standards. M: Standard; S1, S2 and S3: yeast strains to be identified
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in alcohol content during fermentation could be 
due to the increase in total yeast number during 
aerobic fermentation. As the primary supply of 
nutrition for the fermenting yeasts, the decline in 
fermentable sugars was anticipated. The amount 
of sugar extracted from the juice by the fermenting 
organisms was shown by the drop in Brix at the 
end of fermentation. this result is in line previous 
reports.37

Evolution of pH and specific gravity during 
fermentation
 The results of the evolution of the pH and 
specific gravity of the wort during fermentation 

are displayed in Figure 4. The analysis of these 
results shows that during fermentation, the 
evolution of these parameters follows a kinetic 
pattern of two stages: an acceleration phase 
and a slowdown phase. This kinetic pattern can 
be associated with the growth of fermentative 
microorganisms which, on some compound 
medium rich in carbohydrates, achieve growth. 
These fermentative microorganisms break down 
the substrate with the production of alcohol or 
acidic metabolites that lead to a drop in pH and 
specific density.34 These results also indicate that 
fermentation activity also depended on the types 
of strains obtained. Wine’s density was found to 

Figure 3. Changes in alcohol content (A) and the total soluble solids (B) during the course of fermentation

Figure 4. Evolution of the specific gravity (A) and pH (B) during fermentation
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have decreased. The presence of fermentative 
yeasts utilized in winemaking may be the cause 
of this decline. Previous reports found that during 
fermentation, fruit wines’ density was decreased 
by yeasts like Saccharomyces cerevisiae, which 
was isolated from palm wine.38 The efficiency 
of Saccharomyces cerevisiae in winemaking 
was shown by this drop in wine density and the 
consequent rise in alcohol content. 
 The final pH values obtained are 3.8, 3.91, 
3.88 and 3.71, respectively, for the (S1), (S2), (S3) 
and Control strains (Figure 4A). The final density 
of the musts also varies according to the different 
strains. For the four strains, it varies from 1.15 
to 1.023 for (S1), 1.15 to 1.082 for (S2), 1.15 to 
1.03 for (S3) and 1.15 to 1.011 for Control. The 
conversion of glucose to alcohol and the loss of 
mass in the form of CO2 may help to explain this 

(Figure 4B). Yeast metabolism is responsible for 
the must’s pH decrease and accompanying rise in 
titratable acidity during the aerobic and anaerobic 
fermentation phases. These also demonstrate the 
medium’s acidity throughout the fermentation 
process, which is essential to the creation of wine. 
Because it facilitates fermentation and improves 
the wine’s overall qualities and balance, acidity is 
a key factor in establishing wine quality. A poor 
fermentation will result from a lack of acidity.39

Effect of different stresses on yeast strains 
 Since the selected strains have shown 
their ability to carry out alcoholic fermentation, 
we then evaluated their ability to resist the various 
stressors including high concentrations of sugars, 
ethanol, pH and aggressive temperatures.

Figure 5. Strain growth at different temperature after 24 h (A), 48 h (B) and 72 h (C) of culture
S1: Candida tropicalis; S2: no identify strain; T: control strain (Saccharomyces cerevisiae); S3: Debaromyces nepalensis
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Stump growth at different temperatures
 The results of the growth of yeast strains 
at different temperatures cultured on liquid media 
are presented in Figures 5A, 5B, 5C. In general, 
the growth of the three strains (S1), (S2) and (S3) 
studied is optimal at 30 °C (mesophilic) compared 
to the control strain. Thus, the OD ratio after 24 h 
of culture for the strains is between 5.03 and 7.84 
at 25 °C while it is 5.45-10.08 at 30 °C, 4.49-8 at 
35 °C and 2.32-4.44. After 72 h of cultivation of 
the same strains, the rates increase to 7.63-16.9; 
9.6-18.81; 8.19-15.75 and 4.71-10.89, respectively,  
at 25 °C, 30 °C, 35 °C and 40 °C. Of all the strains, 
two have a high ratio at 30 °C compared to the 
control strain. These are the (S1) and (S3) strains. 
Moreover, at 40 °C, the ratio of the strains is very 
low after 24-72 h of culture Figure 5. The survival 
and growth of starts are significantly influenced 

by temperature. It is actually one of the factors 
that regulates how quickly microbes grow.40 stress 
that it is essential to the operation of alcoholic 
fermentation since it affects viability, growth, 
ethanol production, and conversion efficiencies. 
An analysis of these yeasts’ development at 
various temperatures revealed that two of them 30 
°C and 35 °C performed best. These two numbers 
fall inside the range of temperatures that are ideal 
for yeast development. In fact,41 state that the ideal 
temperature range for yeast cultivation is between 
30 °C and 35 °C, although the present range is 
between 25 °C and 30 °C. 42 emphasized the robust 
growth of yeast at 37 °C, which is near 30 °C. The 
fluidity of the plasma membrane would be higher 
at 37 °C than at other temperatures because the 
yeast cell uses assisted diffusion to carry sugar.

Figure 6. Growth of strains at different ethanol concentration after 24 h (A), 48 h (B) and 72 h (C) of culture. 
S1: Candida tropicalis; S2: no identify strain; T: control strain (Saccharomyces cerevisiae); S3: Debaromyces nepalensis
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Growth of selected strains at different ethanol 
levels
 The growth of the strains with varying 
initial ethanol concentrations is depicted in Figures 
6A, 6B, and 6C. In general, a decrease in growth is 
recorded for all strains above 16 (%v/v) of ethanol. 
However, these decreases vary by strain. Culture 
with strain (S2) is the medium where the greatest 
decrease is observed, regardless of the ethanol 
content. Thus, the rate goes from 5.88, 5.23, 4.66, 
2.55, 0.99 for ethanol contents 8%, 12%, 16%, 20%, 
24%, respectively, after 24 h of cultivation. While 
with the other strains, the levels drop from 8.9 to 
1.2 and 7.54 to 2.46 for the (S1) and (S3) strains 
respectively for the same ethanol concentrations 
(Figure 6). After 72 h of culture of the same strains, 
the rates drop from 10.11 to 0.88 for (S1); 9.99 
to 1.99 for (S3); 6 to 0.85 for (S3) and 10.66 to 
2.78 for the control strain for the same ethanol 
concentrations. The ability of all strains to develop 
in the presence of 8%, 12%, and 16% initial ethanol 
rate, which translates into reasonably strong 
growth, was generally demonstrated. It is evident 
that when the concentration of ethanol rises, 
the concentration of biomass falls. High ethanol 
concentrations, for instance, would prevent strain 
expansion. Using 8% and 16% ethanol (v/v) at 30 
°C resulted in noticeably greater viable cell counts 
for strains S1 and S3.43 Observed similar outcomes 
when assessing the impact of temperature and 
ethanol concentration on yeast cell viability. 
Initially, the yeasts were exposed to 11% ethanol 
at 30 °C, followed by 20% ethanol at 16 °C. When 
compared to the strain control, the viability of 
all the chosen yeasts was noticeably reduced at 
20% and 24% ethanol at 30 °C. Depending on the 
strain types, the growth of the tested starters 
was hindered to varying degrees by all of the 
tested ethanol concentrations. The fact that all 
of the ethanol concentrations examined are 
higher than the maximum concentration at which 
yeast growth entirely ceases may help to explain 
these findings. Actually, ethanol’s mechanism of 
toxicity has two limiting doses.44 Ethanol has been 
recognized for many years to impede the growth 
and fermentation of several yeasts.45 Additionally, 
it was shown that the composition of the plasma 
membranes was crucial to the ethanol tolerance 
of yeast strains. Yeast increased the unsaturation 
index and, consequently, the fluidity of their 
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membranes in a dose-dependent way in response 
to increased ethanol concentration.46 According 
to some reports, the membrane barrier becomes 
more permeable as the ethanol concentration 
rises.47 In fact, phospholipids and ethanol create 
weaker hydrogen bonds than they do with water. 
These changes lead to a change in the insertion 
process of some proteins, which necessitates 
the creation of hydrogen bonds, and an increase 
in membrane fluidity with more frequent lipid 
motions (lateral diffusion and rotation).
 
Growth of selected strains at different glucose 
concentrations 
 The strains’ development in the presence 
of varying glucose concentrations is depicted in 
Figure 7. In general, there is an increase in the 
biomass of the different strains as a function of 

glucose concentration and incubation time. This 
increase in biomass is a testament to the use of 
glucose by the strains for their growth. However, 
growth is influenced by different glucose contents. 
Thus, in the presence of 18% glucose, the biomass 
concentrations for the different strains are 10.24; 
6.45; 9.76; 10.56 respectively for (S1); (S2); (S3); 
Control strain for 24 hours of incubation. At 30% 
glucose, these concentrations are between 12.99, 
9.78, 12.88, 13.6, respectively, for even strains and 
incubation. At 72 hours of incubation, biomass 
concentrations increased relatively (11.63; 6.98; 
10.3; 11.33) respectively for the (S1), (S2), (S3), 
control strain at 18%. At 30% glucose, the biomass 
concentration is (13.2, 8.87, 12.5, 12.8) for the 
same strains after 72 hours of incubation. In 
general, as the glucose concentration increases, 
so does the biomass concentration. Thus, the 

Figure 7. Growth of strains at different glucose level after 24 h (A), 48 h (B) and 72 h (C) of culture.
 S1: Candida tropicalis; S3: Debaromyces nepalensis; S2: no identify strain; T: control strain (Saccharomyces cerevisiae) 
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different glucose concentrations tested promoted 
the growth of the different selected strains. The 
three yeasts’ cellular viability was examined at 

30 °C in relation to the effects of osmotic stress 
caused by rising Brix (18, 21, 24, 27, and 30). Taking 
into account the climatic circumstances during the 

Table 5. Wine and Must Microbiological Analysis (CFU/mL)

Type of   AMB Total  Fecal LAB Yeast ASFB
wine   coliforms coliforms

W1 Must  (2.5 ± 0.7)104a Nd Nd (1.5 ± 0.70)102a (12.5 ± 0.07)105a Nd
 Wine (1 ± 0.1) 102b Nd Nd Nd (5 ± 0.07)102b Nd
W3 Must  (11.5 ± 0.2)104a Nd Nd (2.4 ± 0.7)102a (10.5 ± 0.07)105a Nd
 Wine (9.50 ± 0.3)102b Nd Nd Nd (4 ± 0.7)102b Nd
WT Must  (3.2 ± 0.5)103a Nd Nd (3.5 ± 0.7)102c (25 ± 0.35)102a Nd
 Wine (2.5 ± 0.7)102b Nd Nd Nd (10 ± 0.23)106b Nd

The mean (n = 3) ± standard deviations are used to express the results. Within the samples of the same formulation of wine, 
The same letter (a, b, c) after the same column’s mean values indicates that they are not statistically significant (p > 0.05). AMB: 
Aerobic Mesophilic Bacteria; LAB: Lactic Acid Bacteria; ASFB: Aerobic Spore-Forming Bacteria; Nd: Non detected; W1: wine 
produced with Candida tropicalis; W3: wine produced with Debaromyces nepalensis ; WT: wine produced with control strain 
(Saccharomyces cerevicae)

Figure 8. Growth of strains at different pH after 24 h (A), 48 h (B) and 72 h (C) of culture. S1: Candida tropicalis; S2: 
noidentify strain; S3: Debaromyces nepalensis; T: control strain (Saccharomyces cerevisiae)
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alcoholic fermentation, the 30 °C and Brix range of 
18 to 30 were not particularly stressful. If it weren’t 
for the grapefruit juice fermentation, 30 °C and 
30°Brix may be regarded as typical oenological 
environmental conditions. The ability of yeast to 
focus their metabolic pathways on the production 
of proteins involved in the resistance mechanism 
controls the phenomena of resistance to osmotic 
stress. 
 In fact, Saccharomyces cerevisiae cells 
respond to abrupt changes in high osmolality 
conditions by temporarily upregulating the 
expression of genes Msn2p and Msn4p that 
defend against oxidative stress. These two genes’ 
products have been identified as the transcription 
factors that control how well yeast cells respond 
to osmotic stress.48

  
Selected strains’ growth at various pH values
 Figure 8 displays the strains’ development 
at various starting pH values. In general, an increase 
in growth is recorded for all strains regardless of pH 
and incubation times. In comparison to the control 
strain, which had a value of 11.13 after a 24-hour 
incubation period, (S1) and (S3) had the highest 
biomass, with values of 8.48 and 7.82, respectively. 
While strain (S2) had the lowest biomass value 
of 5.7 for the same incubation time. It should be 
noted that biomass growth is maximum between 
pH 3, 4 and 5 for all strains and for all incubation 
times (24 h, 48 h and 72 h) (Figure 8). On the other 
hand, at pH 6 and 8, growth decreased regardless 
of the strains and incubation time. The (S1) strain 
had the highest biomass value of 8.68 and 8.53 
respectively for pH 6 and 8, followed by (S3) which 
has a biomass of 8.49 and 8.44 respectively for 
the same pH values at for an incubation time of 
72 h. Every strain that was examined was able to 
thrive at each of these various pH levels. But (S2) 
showed low growth at initial pH. While (S1) and 
(S3) gave better biomass growth for most of the 
pH studied. The growth of our starter cultures 
was unaffected by any of the pH tests. In fact, 
some of these pH values fall within the range 
that yeasts can tolerate, which is between 3 and 
4 and between 6 and 8, while others fall within 
the ideal pH range for yeast growth, which is 
between 3.5 and 4. The ability of the yeast cell to 
maintain a constant ratio between intracellular 

and extracellular hydrogen ion concentrations 
is known to be indicated by acidification power, 
which also shows glycolytic activity. In fact, it has 
to do with the yeast strains’ ability to survive and 
ferment.49 The results of fermentation test showed 
that mains of starters have high fermentative 
power. Indeed, at low extracellular pHs, organic 
acids present in the environment can enter the 
cell by passive diffusion. Inside, they dissociate 
due to the increased pH. Consequently, protons 
are exported, requiring energy in the form of ATP, 
which cannot be used for growth.

Physicochemical analysis of the ‘’Must’’ and 
‘’final wines’’
 Due to longer fermentation and storage 
times, the pH values of the must and the resulting 
wine, W1 (3.50-3.08), W3 (3.50-3.04), and WT 
(3.50-3.15), dropped from the first to the seventh 
day (Table 4). The pH is lowered by lactic acid 
bacteria, which transform carbohydrates into 
organic acids. A more acidic environment results 
from the accumulation of lactic and acetic acids 
as they grow. Pyruvate is created when LAB starts 
glycolysis, and this is subsequently transformed 
into lactic acid. The pH reduction may also be 
caused by other acidic substances like formic 
or acetic acid. The growth medium’s buffering 
capabilities and the availability of fermentable 
carbohydrates both affect the pH drop. Acidosis, a 
detrimental health consequence that impairs food 
absorption and promotes tumor cell survival, can 
be brought on by low-pH beverages. Maintaining 
a regulated pH level is essential since low pH 
also impedes energy production, cell repair, and 
heavy metal detoxification. A good pH balance 
may be maintained and acidity can be countered 
by consuming alkaline foods and drinks, such as 
fruits and vegetables.50

 The wine’s titratable acidity on the 
seventh day of fermentation was 1.63 to 1.81 
(g/100 mL), which was far lower than what 
had been previously documented (Table 4). 
Nonetheless, a prior study demonstrated that 
titratable acidity ranged from 1 g/L to 1.03 g/L.51 
In alcoholic beverages, acidity and pH are closely 
related, with pH denoting acidity. These factors 
are crucial for determining flavor, preservation, 
microbiological stability, and overall quality, and 
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by managing them, manufacturers may create 
beverages with the best possible taste, texture, 
and shelf life.52

 A much smaller range of 9.2-11.8 for total 
soluble solids (TSS) was found by our research. The 
study shows that variations in the total soluble 
solids in beverage samples significantly affect the 
final product’s flavor and quality. (TSS) are crucial 
to producing high-quality wine. The way the yeast 
cells use the carbohydrates determines the wines’ 
final TSS. (TSS) impacts sweetness, acidity, and 
overall flavor balance.53

 Throughout the process of fermentation, 
the dry matter steadily decreased. In W1, W3, 
and WT, the dry matter content varied from 12.30 
to 11.15; 12.13 to 11.18; and 12.36 to 10.08, 
respectively (Table 4). The accumulation of organic 
matter, which has the potential to increase during 
fermentation due to microbial multiplication, may 
be the cause of the decrease in dry matter content 
as fermentation duration increases.53

 The study indicated no appreciable change 
in the temperature of the produced wine, with 
maximum and minimum recorded temperatures 
of 28.90 °C and 28.50 °C, respectively, Table 4 
and quality potential. Brewers are able to avoid 
off flavors and ruined batches by continuously 
monitoring and controlling the temperature 
during the fermentation process. In order to 
minimize interruptions, increase shelf life, and 
produce consistent, high-quality products, proper 
temperature control is essential. Temperature 
control system investments are worth the money 
since they enhance product quality, boost 
customer happiness, and maybe boost sales.53

 Table 4 reports the changes in alcoholic 
content and shows that the fermented samples 
had a higher alcoholic content. After fermentation 
for seven days, the sample fermented with Candida 
tropicalis and Debaromyces nepalensis had the 
lowest alcoholic content, 13 (%v/v), whereas the 
sample fermented with Saccharomyces cerevisiae 
had the highest, 15.05 (%v/v). These figures fall 
within the ranges found in previous studies, which 
were between 4.0% and 11.5% (%v/v) and 2.7% 
and 21.7%.54 The progressive increase in alcohol 
level of high-quality wine is attributed to the 
inclusion of sugar, which keeps the beverage’s 
acidity while also raising its alcohol content. 

Longer fermentation times give yeast more time 
to convert sugars to alcohol, which increases the 
alcohol content in high-quality fruit wines.55

 Table 4 displays the variations in total 
sugar. For all fermented wines, the total sugar 
content dropped from 3.03 to 3.05 mg/100 mL at 
day 0 to 1.01 to 1.18 mg/100 mL by the time the 
seven-day fermentation phase is over. When the 
fermentation period lengthened from day 0 to day 
7, the samples’ total sugar dropped significantly 
(p > 0.05). As the fermentation process went 
on, sugar broke down into carbon dioxide and 
ethanol, which is why the concentration of total 
carbohydrates decreased. Compared to samples 
taken from other regions of Ethiopia, our wine 
samples have a reduced mean total carbohydrate 
content.56,57

 The total protein content of the grapefruit 
juice fermented by particular yeast isolates is 
displayed in Table 4. From the first to the seventh 
day of fermentation, the total protein steadily 
decreased. It was 0.11 mg/100 mL for the Candida 
tropicalis-fermented wine, 0.15 mg/100 mL for 
the Debaromyces nepalensis-fermented wine, 
and 0.13 mg/100 mL for the Saccharomyces 
cerevisiae-fermented control wine. According to 
previous reports, there is probably no reason to be 
concerned about excessive protein accumulation 
from consuming fruit because the grapefruit has 
a modest level of total protein.58 Microbial cell 
growth is another potential explanation for the 
reduced total protein content of the wine sample. 
Fermentation may cause a decrease in free amino 
acids, microbial metabolites, and total nitrogen 
content, or it may be the result of the fermentative 
organisms reducing proteolytic enzymes.59

 The ascorbic acid content of the different 
samples decreased steadily between days 0 and 
9, ranging from 12.17 to 6.38 mg/100 mL for the 
Candida tropicalis-fermented sample, 12.05 to 
7.11 mg/100 mL for the Debaromyces nepalensis-
fermented sample, and 12.18 to 4.43 mg/100 
mL for the Saccharomyces Cerevisiae-fermented 
control wine (Table 4). Ascorbic acid is a key 
antioxidant for organisms and food matrixes. It 
is involved in hydroxylation processes, bone and 
blood development, and the manufacture of 
corticoids and catecholamines.60



  www.microbiologyjournal.org1221Journal of Pure and Applied Microbiology

Yonas et al | J Pure Appl Microbiol. 2025;19(2):1204-1224. https://doi.org/10.22207/JPAM.19.2.25

Microbial analysis of the must and produced wine
 Table 5 lists the microbial loads, which 
include fungi, coliforms, lactic acid bacteria, 
aerobic spore-forming bacteria, and aerobic 
mesophilic bacteria.
 All wine samples showed a notable 
decrease in total aerobic mesophilic bacteria day 
seven of fermentation. The mean values of aerobic 
mesophilic bacteria of the wines samples were 
ranging between (2.5 ± 0.7)104 - (1 ± 0.1)102 cfu/
mL, (11.5 ± 0.2)104 - (9.50 ± 0.3)102 cfu/mL and 
(3.2 ± 0.5)103 - (2.5 ± 0.7)102 cfu/mL respectively 
for the wines samples W1, W2, and WT. The low 
pH, high acidity, and high alcohol content of the 
wines may account for these findings since they 
are known to inhibit the growth of pathogens and 
provide fermenting yeast a competitive edge in the 
natural environment.61,62

 In every wine sample that is made, the 
amount of lactic acid bacteria drops. First day 
(day 0), the concentration was (1.5 ± 0.70)102 

cfu/mL for W1, (2.4 ± 0.7)102 cfu/mL for W2 and 
(3.5 ± 0.7)102 for WT. In contrast, none of these 
microorganisms wasn’t observed on day 7 in all 
wine samples. The mean yeasts load fluctuated 
between (12.5 ± 0.07)105 to (5 ± 0.07)102 cfu/
mL, (10.5 ± 0.07)105 to (4 ± 0.7)102 cfu/mL and 
(25 ± 0.35)106 to (10 ± 0.23)102 in the samples 
W1, W3 and WT, respectively. The significant 
drop in sugar content may be the result of the 
yeast cells’ quick and efficient use of the sugar 
present in the must, which causes the must to 
ferment. At the same time, an increase in the 
alcohol content will also have an impact on 
the rate of yeast growth, as reported by earlier 
researchers.36 The effective use of the available 
sugars and the daily aeration of the fermenting 
wort, which encourages their propagation and 
quick multiplication, are responsible for the 
high load of yeast cells observed at the start of 
fermentation. Since alcohol and carbohydrates 
are the sources of nutrition for the growth of 
lactic acid bacteria and fungus, the decrease in 
these microorganisms during fermentation may be 
caused by the increase in alcohol concentration. 
According to previous reports, concentrations 
ranging from 8% to 18% (v/v) decrease in growth 
speed, cell viability, and metabolic activity.20

 None of the wine samples showed signs of 
aerobic spore-forming bacterial growth. Moreover, 

there were no viable coliform cells in any of the 
wines. These microbes’ absence suggests that 
the wine was made aseptically and is safe for 
ingestion. To ensure a high fermentation yield and 
the long-term stability of the entire fermentation 
process, the fermentation was conducted under 
aseptic conditions. The synthesis of antimicrobial 
compounds including organic acids, bacteriocins, 
and hydrogen peroxide by some LAB species, 
which causes the fermentation broth to become 
acidic, may be linked to the absence of coliform 
bacteria and Enterobacteriaceae.63,64

CONCLUSION

 Due to their economic benefits, wine 
industry is showing increasing interest in microbial 
strains that have the capacity to resist potentially 
aggressive environmental stresses. Finding new 
natural yeast strains with technological capabilities 
that set them apart from similar strains already 
exploited in the wine business was the aim of 
this study. Among the isolates obtained, only 
strains (S1) and (S3) were shown to be highly 
capable of transforming fermentable sugars into 
ethanol relative to other strains isolated from 
local products. These strains were able to grow 
adequately at higher than normal temperatures 
and to resist stressful ethanol concentrations 
and osmotic pressures compared to baker’s yeast 
used as a reference strain. We can conclude that 
the isolated strains (S1) and (S3) are suitable for 
use in the production of fruit wine. Future studies 
aimed at their conservation for the production of 
freeze-dried starters should be considered.
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