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Abstract  This study was conducted in the municipality of Korhogo (Ivory Coast) and aims to promote mango, a 
highly perishable fruit. To do this, yeast was first isolated from the pulp of Kent mangoes and then identified, after 
which its fermentation capacity was evaluated. Finally, biochemical properties such as catalase, protease, and acetic 
acid production tests were performed. Isolates that showed strong fermentation capacity were subjected to 
temperature and pH influence tests. At the end of all these analyses, twenty-one isolates of various yeasts, with 
regular and irregular contours, were isolated. Of these isolates, 17 showed strong fermentation capacity, with a CO₂ 
volume greater than 4 cm³. Of these seven isolates, three, namely YK3, YK18, and YK20, exhibited the best 
biochemical properties and good resistance to stress factors. These three isolates could therefore be used as potential 
starters in biotechnological applications to standardize and control certain fermentation processes. 
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1. Introduction 

The mango (Mangifera indica) is a climacteric fruit 
with high nutritional and economic potential. It can be 
grown in various agro-ecological zones ranging from 
subhumid to semi-arid areas [1]. Mango production 
accounts for 50% of tropical fruit production [2]. 

The mango, Mangifera indica L., is a tropical fruit 
native to the Indo-Burma region, ranking fifth in global 
fruit production after citrus fruits, grapes, bananas, and 
apples [3]. It can be grown in many regions of the world 
due to ecological conditions favorable to the development 
of mango trees. According to [2] mango is considered the 
second most cultivated tropical fruit after banana. Its 
cultivation accounted for more than 50% of the volume of 
tropical fruits grown worldwide in 2017 [4]. In terms of 
regional distribution, it is estimated that in 2017, 75% of 
global mango production came from Asia, 15% from 
Africa, and 10% from Latin America and the Caribbean 
[4]. West Africa is ranked as the world's seventh largest 

producer, with mango production of around 1.5 million 
tons per year, representing 3.8% of global production [5].  

In West Africa, Côte d'Ivoire is one of the main mango-
producing countries. Côte d'Ivoire has extensive orchards 
in the north and south, with an estimated production of 
150,000 tons per year [6]. Côte d'Ivoire is the leading 
exporter of mangoes in West Africa with more than 30,000 
tons of mangoes per year, followed by Mali and Senegal, 
and the third largest supplier to the European market after 
Brazil and Peru [7,8]. There are around a thousand varieties 
grown worldwide, differing in size, color, texture, and 
nutritional properties [9]. This diversity of varieties makes it 
one of the most popular fruits in many tropical and 
subtropical regions. The most common varieties are Kent, 
Keitt, Amélie, Julie, Lippens, Brooks, and Palmer. 

This varietal diversity makes it one of the most popular 
fruits in many tropical and subtropical regions. Mangoes 
are also appreciated for their sweet taste and rich vitamin 
content, especially vitamins A and C and minerals such as 
calcium, potassium, phosphorus, and iron  [10]. Due to its 
organoleptic qualities and nutritional importance, mangoes 
are highly valued by populations. Mangoes are 
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characterized by seasonal production, meaning they are 
widely available at certain times of the year. However, the 
high water content of mangoes makes them highly 
perishable, leading to huge post-harvest losses of up to  
40% in some West African countries [11]. This poses a 
real storage problem. Given the limited size of national 
and subregional markets and the lack of infrastructure for 
storing fresh fruit, increasing the added value of mangoes 
necessarily involves processing in order to minimize post-
harvest losses. These losses have been estimated at around 
80% worldwide [12]. Due to the perishability of mangoes, 
dozens of tons of Ivorian production are destined for the 
trash. Post-harvest losses account for between 30 and 35% 
of total production, equivalent to 3.3 billion CFA francs. 
There are several causes for these losses [13]. The main 
factors that make mangoes a perishable fruit are 
transpiration, mechanical damage, pathological degradation, 
high respiration, and ethylene production [14]. In addition, 
fungal contamination is one of the main constraints on the 
quality of fresh fruit in Côte d'Ivoire [14]. Contamination of 
mangoes by fungal insects can occur in the field or during 
post-harvest packaging operations, in storage, and 
sometimes after purchase by the consumer [14].  

Post-harvest losses exceed one-third of production, so 
processing would be an alternative way to add value to 
mangoes. However, to date, mango processing remains a 
marginal activity, using less than 2-5% of the harvest. 
Mangoes are processed into dried mangoes, juice/nectar, 
vinegar, jams, etc. This processing is carried out in 
artisanal, semi-industrial, and very few industrial units 
[15]. Despite these efforts, post-harvest losses are 
numerous. It is therefore important to find solutions to 
make use of mangoes rejected from the mango production, 
distribution, and processing chain.  

Several strategies are being explored for the recovery of 
mango residues. It is in this context that this work is part 
of a process of characterizing and selecting yeast starters 
from mango residues. The overall objective of this study 
is to contribute to the recovery of waste from the “Kent” 
variety of mango. 

2. Materials and Methods 

2.1. Materials 

 
Figure 1. Photograph of Kent mangoes excluded from the processing 
chain 

The biological material used in this study consisted of a 
variety of mango: Kent (Figure 1). This variety of mango 
came from a dried mango production plant in Korhogo. 
These were mangoes that were rotten, defective, or 
excluded from the processing chain. These mangoes were 
sent to the microbiology laboratory at Peleforo GON 
COULIBALY University (UPGC) for microbiological 
analysis. 

2.2. Methods 

2.2.1. Isolation and Identification of Yeasts 
Mango pulp (25 g) was mixed with 225 ml of peptone 

saline solution (0.1% (w/v) bactopeptone and 0.85% (w/v) 
NaCl). The solution thus prepared constituted the stock 
solution, which underwent successive decimal dilutions 
(10-1 to 10-4) with a tryptone salt solution. A volume of 
100 μL of each dilution was spread onto MYGP agar  
(3 g/L yeast extract, 3 g/L malt extract, 5 g/L 
bactopeptone, and 10 g/L glucose) containing 100 mg/L 
chloramphenicol. After inoculation, the Petri dishes were 
incubated and the yeast strains were identified 
morphologically after 3 days of incubation at 30°C. The 
yeast cells were then observed in their fresh state under a 
precision optical microscope (Zeiss Microlmaging GmbH 
37081, Germany) at ˟100 magnifications. The 
presumptive yeast isolates were stored in cryotubes 
containing MYGP broth supplemented with 20% glycerol 
at -20°C for further testing (Soumahoro et al., 2024). 

2.2.2. Screening of Yeast Isolates from Kent Variety 
Mangoes (Yeast Screening) 

Depending on the test to be performed, the strains are 
cultured overnight at 25°C on MYGP agar or in MYGP 
broth, and the cultures are then used to inoculate either 
MYGP broth or specific media. For the latter, each strain 
is harvested by centrifugation (5,000 rpm for 10 min), 
washed once in a 0.9% (w/v) NaCl solution, then 
resuspended in the same solution to an optical density 
(OD) 600 of 1.0 [16]. Each strain is then deposited (5 µL) 
in duplicate on specific media. 

2.2.2.1. Study of the High Fermentative Power of 
Yeasts 

The fermentative capacity of yeast strains isolated from 
mango pulp was studied using the method of [17] with 
slight modifications. A 24-hour pre-culture (100 µL) with 
an optical density of 0.7 at 600 nm was inoculated into a 
test tube containing 10 mL of YPG medium and a 
hemolysis tube (replacing the Durham tube). The culture 
was incubated at 30°C for 6 days without agitation. 
Fermentation capacity was determined by measuring gas 
production in the hemolysis tube. Under anaerobic 
conditions, yeasts oxidize sugars into ethanol with CO2 
production [18]. The volume of CO2 correlated with the 
fermentation capacity of the strain is related to the ethanol 
produced [19]. 

2.2.2.2. Catalase Test 
The method described by [20] was used to demonstrate 

catalytic activity. Yeast biomass, collected with a sterile 1 
μL loop, was added to a drop of 3% (v/v) H2O2. The 
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formation of bubbles indicates the production of catalase 
by the tested yeasts. 

2.2.2.3. Acetic Acid Production by Yeast Isolates  
A loop (1 µL) of biomass from each strain was spread 

on Chalk agar (yeast extract 3 g/L, glucose 10 g/L, 
calcium carbonate 3 g/L, agar 15 g/L) and incubated for 7 
days at 25 °C [21]. The presence and extent of a clear halo 
around the yeast biomass indicates the rate of acetic acid 
production. 

2.2.2.4. Protease Activity of Yeasts 
The method described by [22] was used to demonstrate 

protease activity. One hundred (100) ml of 5MYGP 
medium containing 3 g/L malt extract, 3 g/L yeast extract, 
5 g/L bacteriological peptone, 10 g/L glucose, 5 g/L of 
NaCl, and 20 g/L of agar were prepared and then sterilized 
for 15 min in an autoclave at 121°C. Separately, 100 ml of 
a skim milk solution (10% w/v) was prepared and also 
sterilized in an autoclave at 121°C. The two media were 
mixed and then poured into Petri dishes. However, before 
pouring, the pH was adjusted to pH 3.5. The isolates were 
then inoculated by spot and incubated at 30°C in an oven 
for 48 hours. The presence of a clear zone around the 
colony indicates the presence of protease activity. 

2.2.2.5. Influence of Temperature and pH on the 
Growth of Yeast Isolates 

The effect of temperature and pH was evaluated on 
yeast strains with high fermentation capacity. To do this, 
the yeast strains were cultured in a standard liquid 
medium containing 0.05% yeast extract, 0.3% casein 
peptone, and 1% glucose at pH 5.6. To evaluate the 

influence of temperature on the growth of yeast isolates, 
10 mL of the standard liquid medium contained in a test 
tube was inoculated with 100 µL of yeast pre-culture, 
DO600 = 0.7. The cultures were then incubated for 72 
hours at varying temperatures ranging from 30 to 50°C. 
The influence of pH variations on the growth of yeast 
isolates was analyzed in the same medium at different pH 
values (2.5, 4, 5, and 7) and incubated at 30°C. The 
growth of yeast isolates was determined by measuring the 
turbidity of the culture medium at 600 nm using a 
spectrophotometer. 

2.2.3. Statistical Data Processing 
All measurements were performed in triplicate. 

Statistical data analysis was performed using Statistica 
software version 7.1. Means were compared using 
Tuckey's HSD test with a significance level of 5% (p < 
0.050). 

3. Résultats et Discussion 

3.1. Résultats 

3.1.1. Isolation and Identification of Mango Yeast 
Isolates 

On MYGP medium, twenty-one (21) presumptive 
nommé de YK1 à YK21 yeast isolates have been isolated 
from mango pulp. Table 1 shows the morphology, color, 
and texture of the colonies of the different strains grown 
on MYGP agar. 

Table 1. Colony characteristics of yeast strains grown on MYGP agar 

Strains Colony Morphology, Color, and 
Texture Optical microscopy of representative strains 

YK1 - YK6 
YK13 -YK21 Convex, White, Matt/opaque 

 

YK7 – YK12 Convex, White, Smooth/Glossy 
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3.1.2. Fermentation Capacity of Yeasts Derived from 
Mango 

Twenty-one (21) yeast isolates were tested for their 
ability to produce CO2. Based on their fermentation 
capacity, these twenty-one (21) yeast isolates were 
classified into three (3) groups according to the volume of 
CO2 produced (Table 2). The volumes ranged from 0 to 
7.5 cm3. Among the twenty-one (21) yeast isolates 
analyzed for their fermentation capacity, seven (07), or 
33.33%, showed a high fermentation capacity. These 
isolates produced a CO2 volume greater than 4 cm3. Eight 
(08) isolates, or 38.09%, were considered to have 
moderate fermentation capacity due to their CO2 
production of between 1 and 4 cm3. Finally, six (06) 
isolates, or 28.57% of the remaining isolates, were 
classified as having low fermentation capacity due to their 
CO2 production of less than 1 cm3 (Table 3). 

Table 2. Distribution of yeast isolates according to their CO2 
production 

Group1 YK1; YK3; YK7; YK10; YK12; YK18 et 
YK20 

Group 2 YK2;YK6;YK8;YK4;YK5;YK13;YK15 et 
YK17 

Group 3 YK9; YK11; YK21; YK14; YK16 et YK19 

Table 3. CO2 production of yeast strains derived from fermentation 

GROUP
S 

VOLUM
E OF 
CO2 
(cm3) 

NOMBR
E OF 
YEAST 

PERCENTAG
E 

FERMENTATI
VE CAPACITY 

Group1 ]4–
7,5cm3] 07 33,33 High level 

Group 2 ]1 – 4 
cm3] 08 38,09 Medium level 

Group 3 [0 – 1 
cm3] 06 28,57 Low level 

3.1.3. Catalase Test 
Catalase production varies depending on the isolates 

(Table 4). They were classified according to the intensity 
of their activity, i.e., low (+), good (++), and optimal 
(+++). Thus, 03 strains had optimal activity, 07 strains had 
average activity, and 11 strains had low activity.  

3.1.4. Acetic acid production 
Observation of the culture medium (chalk agar) on 

which the various yeast isolates were seeded shows the 
absence of a clear halo around the biomass of all yeast 
isolates. This indicates that the isolates do not produce 
acetic acid. However, six (06) isolates showed acid 
production among the 21 tested, while the others did not 
produce acid (Table 4).  

3.1.5. Protease activity 
All isolates were seeded on MYGP culture medium 

mixed with skimmed milk solution and incubated at 30°C 
for 48 hours. Observation of these isolates on the culture 
medium showed the presence of a clear zone around each 
yeast isolate, indicating the degradation of proteins 
contained in the medium. This reveals the presence of 
protease activity. Thus, of the 21 yeast isolates tested, 17 
reacted and 04 isolates had a negative reaction (Table 4). 

Table 4. Biochemical properties of yeasts isolates involving of mango 
pulp fermentation 

Isolats Test de 
catalase 

Production d’acide 
acétique 

Activité 
protéasique 

YK1 + - + 
YK2 ++ - + 
YK3 +++ - + 
YK4 + - + 
YK5 + - + 
YK6 + - - 
YK7 + + + 
YK8 + + - 
YK9 + - + 
YK10 + - + 
YK11 + + - 
YK12 ++ - - 
YK13 ++ + + 
YK14 ++ - + 
YK15 + + + 
YK16 + - + 
YK17 ++ + + 
YK18 +++ - + 
YK19 ++ - + 
YK20 +++ - + 
YK21 ++ - + 

Halo: Absent (−), Present (+); Catalase: weak (+), medium (++), optimal 
(+++) Acetic acid production: Absent (−), Present (+) 

3.1.6. Effect of Temperature on the Growth of Yeast 
Isolates with High Fermentation Capacity 

 
Figure 2. Effect of temperature on the growth of yeast isolates with high 
fermentation capacity 

The growth of yeast isolates with high fermentation 
capacity (YK3, YK7, YK10, YK11, YK12, YK18, and 
YK20) was evaluated at different temperatures, namely 
30°C, 35°C, 45°C, and 50°C (Figure 2). Analysis of 
variance showed a significant difference (p˂0.05) in the 
growth of the selected yeast isolates at all temperatures 
except 35°C, where no significant difference was 
observed. The growth of the isolates varied depending on 
the temperature. A gradual decline in growth was 
observed for isolates YK7, YK10, YK11, YK18, and 
YK20 from 30°C to 45°C. Most isolates grew best at 30°C. 
However, between 30 and 35°C, growth increased for 
isolates YK3 and YK12, which reached their peak 
(optimum temperature) at 35°C. After the peak, the 
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growth of these two isolates declined sharply up to 45°C. 
From 45 to 50°C, growth became stationary for all isolates, 
and at 50°C, isolate YK11 showed the best growth at this 
temperature (OD = 0.2), while isolate YK3 showed the 
lowest growth (OD = 0.1). 

3.1.7. Effect of pH on the Growth of Yeast Isolates with 
High Fermentation Capacity 

The results showed a significant difference (p˂0.05) 
between yeast isolates selected at different pH 
concentrations. The influence of pH on the growth of 
yeast isolates with high fermentation capacity varies 
depending on the pH concentration (Figure 3). This 
growth of yeast isolates occurred in two phases. In the 
first phase (from 4 to 5), rapid growth was observed for all 
isolates except isolate YK12, which grew slowly. All 
isolates reached their peak at pH = 5. Isolate YK3 
recorded the highest growth value (OD = 2.0) and isolate 
YK10 recorded the lowest value (OD = 1.4). In the second 
phase (from 5 to 7), there was a gradual decline in growth 
for all isolates up to pH = 7, where the highest value (DO 
= 1.5) was obtained for isolate YK12, while isolate YK20 
recorded the lowest value (DO = 0.8). 

  
Figure 3. Effect of pH on the growth of yeast isolates with high 
fermentation capacity 

3.2. Discussion 
The first part of this study consisted of isolating yeasts 

from the pulp of Kent mangoes. Isolation on MYGP 
medium yielded 21 isolates: YK1 to YK21. The study of 
phenotypic characteristics allowed us to distinguish two 
colonies that share the same criteria: small convex 
colonies, white, matte/opaque with irregular contours, and 
large convex colonies, white, smooth/shiny with regular 
contours. These results are identical to those of [23], who 
states that the characteristics of pure yeast strains lie in 
their size, color, surface appearance, contour appearance, 
relief, consistency, and transparency.  

The second part of the study consisted of screening the 
yeast isolates to select the best ones for use as starters for 
ethanol production. Indeed, the ability of a strain to 
perform better technologically and functionally is a key 
property for its selection as a potential starter [24]. Thus, 
among the 21 yeast strains tested for their fermentation 
capacity, seven (07) showed a high fermentation capacity 
with a CO2 volume greater than 4 cm3. These results are 

identical to those of [25], who showed that among 743 
strains, 113 yeast strains were selected for their high 
fermentation capacity with a CO2 volume greater than 4 
cm3. These yeast strains are likely to produce large 
quantities of ethanol because during alcoholic 
fermentation, the amount of carbon dioxide (CO2) 
corresponds to the amount of ethanol produced [26]. 
Ethanol produced during the alcoholic fermentation of 
plant biomass is of great importance in industry and other 
fields. Ethanol is also known as ethyl alcohol. Its 
molecular formula is CH3CH2OH. Bioethanol, or bio-
based ethanol, is ethanol produced by fermentation from 
biomass. The same organic compound is found in 
alcoholic beverages. Today, bioethanol is the most widely 
used liquid biofuel in the world. It is mainly produced by 
fermenting (yeast) sugar or starch from various raw 
materials, including sugar cane, sugar beet, corn, cereals, 
agricultural waste, forestry waste, municipal waste, 
livestock manure, etc.  

Of the twenty-one strains studied, only six produced 
acetic acid. Acetic acid is one of the compounds that 
influence the sensory profile of wine, thus contributing to 
the definition of its quality. An acetic acid concentration 
of 0.7 to 1.1 g/L is considered unpleasant. The maximum 
acceptable limit for volatile acidity in most wines is 1.2 
g/L of acetic acid [27,28]. Strains that produce little or no 
acetic acid are the most interesting. From this point of 
view, the fifteen strains that did not produce acetic acid 
are the most interesting. They could be used as starters in 
the production of wine or biofuel in the agri-food industry. 

The results of the catalase test provided information on 
the strains' ability to cope with oxidative stress and 
perform better during fermentation [29]. The twenty-one 
(21) strains tested in this study were positive for catalase 
to varying degrees, as confirmed by several authors 
[30,31,32]. However, strains YK14 and YK19, which had 
the highest catalytic activity, are the most suitable for 
alcoholic fermentation. 

All the strains tested grew well at the different 
temperatures and pH levels studied. The ability of the 
strains to grow at high temperatures and low pH levels 
allows them to adapt to harsh environments. Their 
resistance to different temperatures corroborates the 
results of Leveau and Bouix (1993), who reported similar 
optimal temperatures for yeasts. In addition, the strains 
studied grew best at pH 5, a result consistent with the 
findings of [33], who isolated yeasts from Cola cordifolia 
pulp with an optimal growth temperature around pH 5. 
However, these results differ from those of [25], 
indicating that the best growth of yeasts at the pH level of 
cocoa pulp is between 3 and 4. 

4. Conclusion 

Twenty-one (21) pure isolates were isolated from the 
pulp of Kent mangoes. Among these twenty-one (21) 
yeast isolates, three (3) isolates, namely YK14, YK19, and 
YK20, showed the best characteristics for fermentation, 
namely high CO2 production, no acetic acid production, 
high catalytic and protease activity, and good resistance to 
temperature and pH variations. The growth of these yeast 
isolates under stress conditions confirms the ability of 
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these yeast strains to be used as starters in many food 
processes, particularly in fruit fermentation. 
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