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Abstract This study aims to evaluate the microbiological quality of ice cream sold in selected pastry shops in the
city of Daloa (Cdte d’lvoire), in a context of increasing food poisoning cases associated with these products. A
survey was conducted among 500 consumers and 70 vendors to analyze consumption habits and hygiene practices,
complemented by microbiological analyses of 100 ice cream samples. The results reveal that 27.6% of consumers
had experienced discomfort after consumption, mainly fever and vomiting. Most vendors (80%) comply with
hygiene regulations, although one-third remain unaware of sanitary standards. Microbiological analyses showed an
overall low microbial load, with no detection of Salmonella spp. or Staphylococcus aureus, but E. coli counts (3.66
x 10?2 CFU/g) were close to the acceptable limit, suggesting possible fecal contamination. These findings indicate an
overall satisfactory microbiological quality but highlight the need to strengthen hygiene practices to prevent
potential health risks.
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1. Introduction

Ice cream is an aerated, delicious, and nutritious dairy
product that is frozen before consumption. It has been
known since ancient times and has undergone many
transformations over the centuries [1]. The production of
ice cream involves a series of successive operations aimed
at obtaining a high-quality product with a smooth and
homogeneous texture, while ensuring its stability and
preservation. This process includes several key steps,
ranging from the preparation of ingredients to the final
hardening of the product [2]. Since the 19th century to the
present day, the growing popularity of ice cream has been
accompanied by a significant increase in cases of food
poisoning attributed to it [3]. Indeed, ice cream provides a
favorable environment for the proliferation of
microorganisms, which can lead to the transmission of
infectious diseases. This is due to its richness in nutrients
such as lactose and proteins, as well as its nearly neutral
pH [4]. In C6te d’lvoire, several recent cases of food
poisoning linked to the consumption of ice cream have
also been reported. In 2022, around one hundred
customers of an ice cream shop in Bondoukou, aged

between 2 and 32 years, suffered from food poisoning
after consuming contaminated ice cream. In 2023, in the
Yopougon district of Abidjan, six individuals aged
between 3 and 15 years also showed symptoms of
poisoning following the consumption of homemade ice
cream. More recently, in 2025, more than sixty people
suffered from food poisoning after consuming an ice
cream cake from an ice cream shop in the commune of
Songon, in southern Abidjan. These incidents highlight
the vulnerability of the ice cream sector to microbiological
risks, particularly when hygiene and storage conditions are
not strictly observed. Indeed, microorganisms such as
Salmonella, Escherichia coli, Listeria monocytogenes, and
certain  Enterobacteriaceae have frequently been
implicated in cases of food poisoning associated with the
consumption of ice cream [5,6,7]. Daloa, located in the
Haut-Sassandra region, is a city experiencing significant
economic and demographic growth [8]. It has numerous
artisanal pastry shops established along major roads,
which are particularly busy during weekends and festive
periods. Although no cases of food poisoning related to
ice cream consumption have been documented in Daloa,
the high demand and the increasing number of sales
outlets justify the need to assess the hygienic and
microbiological quality of ice cream sold in the city, in
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relation to consumer habits and vendors’ hygiene practices.

Specifically, this study aims, through surveys, to examine
consumer habits and perceptions regarding ice cream in
Daloa, and to evaluate the hygiene and handling practices
of ice cream vendors. Finally, a microbiological quality
analysis of the ice cream marketed in Daloa will be carried
out through the detection and quantification of indicator
and pathogenic microorganisms associated with poor
hygiene.

2. Materials and Methods

2.1. Description of the Study Area

The study was conducted in Daloa, a city located in the
Haut-Sassandra region, in the central-west part of Cote
d’lvoire (Figure 1). As the regional capital and a major
economic hub [8], Daloa covers an area of approximately
17.76 kmz and has a population of about 705,378
inhabitants. The municipality, which is experiencing rapid
urban expansion, currently comprises around forty
neighborhoods, the main ones being Tazibouo, Lobia,
Labia, Commerce, and Gbokora [8].
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Figure 1. Location of the city of Daloa and its main districts [9].

2.2. Biological Material

The biological material used for this study consisted of
ice cream samples sold in selected pastry shops in Daloa.

2.3. Survey on the Habits and Perceptions of
Ice Cream Consumers in Daloa

In order to understand the ice cream consumption habits
of the population in Daloa, a random survey was
conducted in the streets, markets, homes, and workplaces.
This survey lasted for one month (from March 1, 2025, to

March 30, 2025). During the survey, men and women
aged 18 years and older were interviewed. The following
neighborhoods were covered: Tazibouo, Commerce,
Lobia, Orly, Abattoir, Sapia, Balouzon, Gbokora, and
Kennedy. In total, 500 individuals were interviewed. The
survey aimed to collect various types of information
related to the sociodemographic profile of the participants
(age, sex, etc.), their level of knowledge about ice cream,
as well as their consumption habits, particularly the
frequency of consumption and the possible occurrence of
food poisoning symptoms (such as vomiting, diarrhea, or
other digestive disorders) following the consumption of
this dessert.

2.4. Survey on the Hygiene Practices of Ice
Cream Vendors in Daloa

Alongside the survey conducted among ice cream
consumers, a separate survey was carried out with ice
cream vendors to assess their hygiene and food safety
practices. In total, 70 vendors were interviewed in the
previously mentioned neighborhoods. The information
collected focused on product storage temperature, the type
of equipment used (refrigerator or freezer), handling
conditions (use of gloves), management of products
suspected of contamination, and maintenance of storage
equipment. These data made it possible to assess the level
of hygiene applied in ice cream sales establishments in
Daloa and to provide a useful information base for
evaluating the microbiological quality of the analyzed
products.

2.5. Sampling

Sampling was carried out in five different districts of
the city of Daloa: Tazibouo-University, Tazibouo 1,
Lobia, Commerce, and Gbokora. In each district, one
pastry shop was selected based on accessibility and
consumer traffic. From each shop, ten (10) ice cream
samples representing the flavors available on the day of
purchase were collected. Although a standard list of ten
flavors was targeted across all locations (Vanilla,
Chocolate, Strawberry, Coffee, Mint, Caramel, Pistachio,
Mango, Banana, and Nature), some flavors such as Mint,
Strawberry, and Nature occasionally varied in availability
depending on the wvendor. Ice cream samples were
collected in sterile glass jars, carefully labeled, and
immediately placed in a cooler containing dry ice to
maintain the cold chain and preserve microbial integrity.
Sampling was conducted twice in each district, resulting
in a total of one hundred (100) samples. After collection,
samples were promptly transported to the laboratory for
microbiological analysis.

To better document the variability in flavor availability
among vendors, Table 1 provides a detailed description of
the ten flavors collected at each sampling site,
highlighting both common and site-specific flavors.

Table 1. Detailed list of the ten ice cream flavors sampled at each site

District/ Sampling o1 coole Number of List of the 10 flavors Handling mode observed
site flavors
Tazibouo— 20 10 Vanilla, Chocolate, Strawberry, Coffee, Mint, Caramel, Mainly utensils + gloves

University

Pistachio, Mango, Banana, Nature
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Vanilla, Chocolate, Strawberry, Coffee, Caramel,

Tazibouo 1 20 10

Mango, Coconut, Lemon, Banana, Nature
(Mint and Pistachio are missing replaced by Coconut

Mix of hands + utensils

and Lemon)

Vanilla, Chocolate, Strawberry, Mint, Pistachio,

Lobia 20 10

Caramel, Pineapple, Mango, Banana, Yogurt
(Coffee and Nature are missing replaced by Pineapple

Utensils only

and Yogurt)

Vanilla, Chocolate, Coffee, Mint, Caramel, Pistachio,

Commerce 20 10

Coconut, Strawberry, Lemon, Nature
(Mango and Banana are missing replaced by Coconut

Utensils only

and Lemon)

Vanilla, Chocolate, Strawberry, Banana, Mint, Coconut,

Gbokora 20 10

Coffee, Mango, Nature, Raisin
(Caramel and Pistachio are missing replaced by

Utensils or bare hands
(depending on vendor)
Coconut and Raisin)

2.6. Microbiological Analysis

Microbiological analyses were carried out in
accordance with standards NF EN 1SO 6887-1:2017 and
NF ISO 6579:2002 Amd 1:2007. For each sample, 25 g of
ice cream were homogenized in 225 mL of buffered
peptone water (Biokar Diagnostics, France) to obtain the
stock suspension, followed by the preparation of
successive decimal dilutions in sterile distilled water. To
quantify mesophilic aerobic bacteria (MAB), the decimal
suspensions were inoculated on a non-selective medium,
Plate Count Agar (PCA) (Biokar Diagnostics, France). For
the enumeration of total and fecal coliforms, the selective
media Violet Red Bile Lactose Agar (VRBL ; Oxoid,
United Kingdom) and Violet Red Bile Glucose Agar
(VRBG; Biokar Diagnostics, France) were used,
respectively.

Finally, the detection of Salmonella spp. followed a
four-step protocol: pre-enrichment in buffered peptone
water (Biokar Diagnostics, France), selective enrichment
in Rappaport—Vassiliadis broth (Oxoid, United Kingdom),
isolation on Hektoen agar (Biokar Diagnostics, France),
and incubation at 37°C for 24h. The results were
expressed as colony-forming units per gram (CFU/qg),
calculated from the average number of colonies counted
on Petri dishes, taking into account the inoculated volume
and the dilution factors, using the formula below:

2Ci

N=, ¥01N,)d.Vv

Where 3 C; represents the sum of colonies counted, V is
the inoculated volume (mL), N: and N2 are the numbers of
plates considered at the two dilutions, and d, is the
dilution factor of the first selected plate.

2.7. Criteria for Assessing the Quality of Ice
Cream

The microbiological quality of the ice cream samples is
evaluated by comparing the microbiological results to
reference  criteria.  According to the two-class
interpretation scheme, a sample is considered acceptable
when the microbial load does not exceed the established
threshold, and non-compliant otherwise (Table 2).

Table 2. Microbiological quality criteria for ice cream samples

m M

Microorganisms  (acceptab  (unaccepta Meanin References
le limit)  ble limit) Y
. 102 3 Health
E. coli (ufc/g) CFU/g 103 CFU/g 2 J,-Li_%(;euve,
2
S. aureus 10 103 CFU/g Health Microbiologi
CFU/g 2 :
Health cal Quality of
Salmonella spp. Absence (25g) 1 Foods,
Fecal Health International
. Absence Institute of
streptococci 2 h h
- Refrigeration,
Aerobic 10¢ Process 1996/
Mesophilic CFU/g 10°CFU/g  Hygien Commission
Germs (AMG) Pro?:ess Regulation
Enterobacteriac 102 ; (EC) No
cae CFU/g 103 CFU/g Hygien 2073/2005,
102 HeZIth EUR-Lex
1 3
Fecal coliforms CEU/g 103 CFU/g 5

Notes: 'm' represents the acceptable microbiological limit, while 'M'
represents the unacceptable limit. If the microbial load is < m, the sample
is considered compliant ; between m and M, it is acceptable with
reservation; and if it exceeds M, it is non-compliant. Health 1: Strictly
prohibited pathogenic microorganisms; their presence renders the food
unfit for consumption, Health 2: The indicated hazard represents a
potential risk to human health if the microorganisms are present in
sufficiently high numbers.

2.8. Statistical Analyses

The data collected during the survey were entered,
processed, and analyzed using SPHINX-LEXICA
software. Statistical analyses were then performed with
STATISTICA 7.0, and the various charts were created
using Microsoft Excel.

3. Results

3.1. Sociodemographic Profile of Ice Cream
Consumers in Daloa

The survey conducted on the sociodemographic profile
of ice cream consumers in Daloa reveals a slight female
predominance in the consumption of this product (Table
1I1). Indeed, women represent 54% of consumers,
compared to 46% for men. Regarding the age distribution,
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young people make up the majority of consumers. The 5
to 14 years age group ranks first, accounting for 47.8% of
respondents, followed by the 15 to 22 years group,
representing 33.8%. Finally, consumers aged 23 years and
older constitute only 17.7% of the sample.

Table 3. Analysis of the Profile of Ice Cream Consumers in Daloa

Number of

Characteristic Category people Perczoe/n)tage
(N=500) 0
Men 230 46
Sex
Women 270 54
5-14 years 239 478
Age 15-22 years 169 33.8
23 years and 92 184
above

3.2. Risks Associated with Ice Cream
Consumption

The results related to the risks associated with ice
cream consumption are presented in Table IV below. They
indicate that approximately one-quarter of consumers
(27.6%) experienced discomfort after eating ice cream.
The most frequently reported symptoms were fever
(14.7%) and vomiting (5.7%), followed by digestive
disorders such as abdominal bloating (3.7%), intestinal
rumbling (3.0%), and diarrhea (2.7%). The majority of
consumers (67.3%) reported no symptoms after
consumption. Regarding the duration of discomfort,
20.3% of affected individuals stated that they were
inconvenienced for one day, 6% for two days, and 3.3%
for three days. Overall, most participants (67%) reported
no discomfort.

Table 4. Risks associated with ice cream consumption in Daloa

3.3. Hygiene Practices and Sanitary Risk
Management in Ice Cream
Sales Outlets in Daloa

The results of the survey on the hygiene and food safety
practices of ice cream vendors in Daloa are presented in
Table V. This table shows that most ice cream vendors in
Daloa adopt relatively satisfactory hygiene and food
safety practices. More than half (54.3%) store their
products at the recommended temperature of 4 °C, while a
smaller proportion (12.7%) keep them at a higher
temperature. A large majority of vendors (88.6%) reported
having received no complaints from customers, suggesting
an acceptable product quality. Furthermore, 65.7% of
vendors stated that they were informed about hygiene and
safety standards, although about one-third (34.3%) lacked
such knowledge. Regarding risk management, 80%
reported wearing protective gloves during handling. In
cases of suspected contamination, 82.9% opted for the
withdrawal and destruction of the affected products.
However, 20% of the vendors did not perform regular
maintenance of their storage equipment, which represents
a potential source of contamination.

Table 5. Hygiene and sanitary risk management practices among ice
cream vendors in Daloa

Categories / Number of
Parameters Practices Vendors (out  Percentage (%)
of 70)
Below 4 °C 23 33.0
Storage Exactly 4 °C 38 54.3
temperature
Above 4 °C 9 12.7
Customer Yes 8 11.4
complaints
received No 62 88.6
Awareness of Informed 46 65.7
hygiene and B
safety standards Not informed 24 34.3
Use of protective Yes 56 80.0
gloves during
handling No 14 20.0
Product
Response to withdrawal and 58 82.9
suspected destruction
contamination Price reduction 12 17.1
Regular Yes 56 80.0
maintenance of
storage No 14 20.0
equipment

Estimated
Categories / number of
Parameter Percentage
Symptoms people (out of
500)
Presence of Yes 138 27.6
discomfort after
consumption No 362 24
Fever 74 14.7
29 5.8
Abdommal 19 37
bloating
Reported Intestinal
symptoms rumbling 15 30
Diarrhea 14 2.7
No symptom 337 67.3
1 day 102 20.3
Duration of 2 days 30 60
discomfort 3 days 17 33
No discomfort 335 67.0

reported

3.4. Overall Microbiological Quality of the
Analyzed Ice Cream Samples

The microbiological results show that the load of
mesophilic aerobic bacteria is low (1.79 x 102 CFU/qg),
well below standard limits (Table 6), indicating an overall
limited level of contamination. No Staphylococcus aureus
was detected, which complies with sanitary standards.
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However, the average Escherichia coli count (3.66 x 102
CFU/g) reaches the upper limit of acceptable standards.
Fecal coliforms (0.51 x 102 CFU/g) and thermotolerant

coliforms (0.61 x 102 CFU/g) were also present but
remained below regulatory thresholds. Finally, Salmonella
spp. was not detected in any of the samples.

Table 6. Microbiological analysis results of ice cream samples

Microorganisms Average results

Reference criteria Global remark

(m/M) Acceptable/unacceptable
Aerobic mesophilic Germs (CFU/g) 1.79x 102+ 0,16 10*/10° Acceptable
S.aureus (CFU/g) 0 102/ 103 Acceptable
Fecal streptococci CFU/g 12.78 x 102+ 3,12 Absence Unacceptable
E.coli 3.66x10%+ 058 102 /10° Borderline (At the _Iimit of acceptability; careful
' monitoring needed)
Fecal coliforms CFU/g 0.51 x 102 102/ 103 Acceptable
Thermotolerant coliforms CFU/g 0.61 x 102+ 0,07 102/ 103 Acceptable
Salmonella spp (absence or presence) Absence Absence Acceptable

4. Discussion

Ice cream is a highly complex food matrix and can be
considered as an aerated suspension of fat and water in a
concentrated sugar solution that includes stabilizers,
casein micelles, and proteins [10,11]. They are an
excellent source of nutrients and vitamins. This study was
conducted to evaluate the microbial flora of ice cream sold
and consumed in Daloa. Initial observations during the
sampling for this study revealed that vanilla, chocolate,
and strawberry were the most prevalent flavors, as they
were available at all sampling sites. This predominance
could likely be explained by strong consumer demand and
their status as "“classic" flavors, generally offered
systematically in ice cream shops. Conversely, flavors
such as mint, plain, pistachio, and mango showed variable
availability depending on the establishment. This
variability could be linked to differences in supplies,
production costs, or specific local customer preferences.
The high occurrence of the three basic flavors thus
suggests that pastry shops favor flavors with high demand
and fewer production or storage constraints. Frozen dairy
products, such as ice cream, are particularly susceptible to
microbial contamination due to their nutrient-rich
composition and the need for strict maintenance of the
cold chain [12]. Their consumption under inadequate
hygienic conditions can lead to foodborne illnesses
[13,14,15]. The results of this study reveal that ice cream
consumption in the city of Daloa mainly involves young
people, particularly children and adolescents. These
findings are consistent with those of [15,16,17] in
Cameroon, where ice cream is highly appreciated by this
age group. This preference may be explained by the
attractive, sweet, and refreshing nature of these products.
From a health perspective, about one-quarter of consumers
reported experiencing discomfort after consuming ice
cream, mainly in the form of fever, vomiting, and
digestive disorders. These symptoms are characteristic of
exposure to foodborne pathogens such as E. coli, S. aureus,
or Salmonella spp. [15,17,18]. However, the majority of
consumers reported no adverse effects, suggesting that the
observed cases remain sporadic and that contamination is
not systematic. The assessment of vendors’ hygiene levels
revealed generally satisfactory practices. More than half
store their products at the recommended temperature
(4°C), and the majority wear gloves during handling,
reflecting a certain awareness of good hygiene practices.

Indeed, according to [19], maintaining the cold chain is a
determining factor in the microbiological quality of agri-
food products, including dairy products. Nevertheless, the
considerable proportion of vendors unaware of hygiene
standards (34.3%) and those who do not perform regular
maintenance of storage equipment (20%) remains
concerning, as these shortcomings can promote secondary
contamination of the products [20]. The microbiological
analyses confirm these observations. The load of
mesophilic aerobic bacteria (1.79 x 102 CFU/g) is below
regulatory thresholds, indicating an overall acceptable
hygienic quality. The absence of Staphylococcus aureus
and Salmonella spp in all samples is a positive indicator of
hygiene, as these microorganisms are often involved in
dairy-related foodborne illnesses [21]. However, the
presence of E. coli at levels close to the acceptable limit
(3.66 x 102 CFU/g) and of fecal streptococci at high
concentrations (12.78 x 102 CFU/g) indicates occasional
fecal contamination. Similar results have been reported in
other African contexts, notably in Cameroon [16] and
Morocco [22], where improper handling of ice cream
under inadequate hygienic conditions was identified as the
main source of contamination. Such contamination may
originate from the water used in preparation, serving
utensils, or improper storage. According to [22], frozen
products constitute an ideal nutrient medium for microbial
growth due to their high protein and carbohydrate content
and their nearly neutral pH. Furthermore, E. coli
contamination is generally considered a direct indicator of
poor hygiene during production or distribution [23]. In
conclusion, although the microbiological quality of ice
cream sold in Daloa can be considered generally
satisfactory, the presence of fecal contamination indicators
highlights the need to strengthen hygiene measures
throughout the production and distribution chain.
Continuous awareness among vendors and regular product
monitoring are essential to prevent any risk of foodborne
iliness and to ensure consumer safety.

5. Conclusion

This study made it possible to evaluate consumer habits
and perceptions, the hygiene level of vendors, as well as
the microbiological quality of ice cream sold in the city of
Daloa. The results indicate that the consumption of this
product is particularly widespread among young people,
with a predominance of female consumers, and that most
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vendors
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demonstrate relatively acceptable hygiene

practices. Despite overall satisfactory hygiene practices
among ice cream vendors, certain shortcomings remain.
The microbiological analyses reveal an overall acceptable

sanitary quality,

characterized by the absence of

Staphylococcus aureus and Salmonella spp., but the
presence of indicator organisms such as E. coli and fecal
streptococci indicates occasional contamination. These
findings highlight the need to maintain constant vigilance
to ensure consumer safety.
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