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ABSTRACT

This study evaluates the effectiveness of three technological treatments, including spontaneous fermentation (T1),
fermentation with inoculum (T2), and filro-fermentation (T3), in improving the microbiological quality of raw milk (T0)
collected in the municipality of Kollo (Niger). A total of 31 milk samples were collected and subjected to each treatment.
Microbiological analyses focused on the enumeration of Fecal Coliforms (FC), Escherichia coli, Staphylococci,
Sulfite-Reducing Anaerobic bacteria (SRC), and the detection of Salmonella spp. The results show that all treatments
significantly reduced FC contamination (p = 0.000) compared to raw milk (1.71 log CFU/mL). Treatments T1, T2, and
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T3 were similarly effective, with average reductions to 0.55, 0.00, and 0.41 log CFU/mL, respectively. Regarding E.
coli, only treatment T2 (0.46 log CFU/mL) showed a statistically significant reduction compared to the control (1.71
log CFU/mL). For Staphylococci and SRC, no significant difference was observed between the raw milk and the treated
samples (p > 0.05). Although the prevalence of Sa/monella decreased from 58.06% in raw milk to approximately 42% in
treated samples, this reduction was not statistically significant according to the chi-square test (p = 0.531). The study’s
main limitation lies in its in vitro experimental design; the effectiveness of these treatments under real-world conditions
and their impact on the organoleptic properties of the milk were not assessed. In conclusion, fermentation, particularly
with the addition of an inoculum (T2), appears to be the most effective treatment for significantly reducing the main
fecal contamination indicators in local milk. These results support the promotion of controlled fermentation practices to
enhance food safety in the local dairy value chain.

Keywords: Local Milk; Fermentation Raw Milk; Hygienic Quality; Dairy Technology; Pathogenic Bacteria;

Microbiological Quality; Niger

1. Introduction

Milk and dairy products have long been key compo-
nents of the human diet, providing a matrix of nutritional
compounds including fats, proteins, vitamins, and minerals
=] Beyond their nutritional value, dairy consumption is
also associated with health benefits */.

These qualities partly explain the evolution of de-
mand in urban areas. Thus, the population of Niamey, like
that of other West African capitals, is growing and becom-
ing more urbanized, and a portion of it is shifting its de-
mand towards milk and dairy products from local livestock
farming instead of imported milk . Milk does indeed hold
particular social importance in a livestock-farming country
like Niger.

However, while milk is a product with high nutri-
tional value, its composition and physicochemical proper-
ties make it a very favorable environment for the multipli-
cation of microorganisms “” and therefore susceptible to
spoilage if it is not properly stored ™. This vulnerability
poses a major health challenge. Indeed, a recent report
from the Center for Disease Control stated that the con-
sumption of raw dairy products is linked to foodborne ill-
nesses; these products constitute the second leading source
of pathogenic microorganisms for humans, causing 14%
of illnesses and 10% of related deaths """, Furthermore, in
the local context, this risk is proven. Several studies have
revealed the poor hygienic quality of local milk and dairy
products, notably due to bacterial contamination linked to

deficiencies in hygiene practices, whether at the produc-

tion, collection, transport, or processing level "',

It is with this in mind that the present study aims
to evaluate the impact of technological treatments on the
microbiological and hygienic quality of locally produced
milk around the city of Niamey. Its goal is to suggest im-

provements to safeguard consumer health.

2. Materials and Methods

2.1. Period and Place of Study

The study was conducted from July to September
2024 in the municipality of Kollo (Niger), located 30 km
from the Niamey region. In this area, livestock farming is
the main economic activity, surpassing agriculture, which
is primarily for subsistence farming. Dairy production is
a cash-generating activity practiced by economic inter-
est groups in this municipality, which currently houses a

14131 For this study, samples

major milk collection center
were taken from milk containers from the 25 villages that
supply the municipality’s milk collection center. This col-
lection center is one of the three largest milk collection
centers supplying industrial units and some small pro-
cessing units in Niamey; the other two centers are Ham-

dallaye and Say.

2.2.Milk Sampling and Collection

A random selection process identified 30 producers

(some from the same locality) from the 25 villages supply-
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ing the Kollo collection center. Thirty raw milk samples
were collected between 9:00 AM and 12:00 PM at the col-
lection center, with each producer receiving 1 L of blended
milk (milk from multiple milkings). 1 L of milk was also
collected from the milk tank (CUV or tank), resulting in 31
samples. The samples collected are independent samples,
meaning they come from different producers. They are
representative of the Kollo dairy basin because they cover
all 25 villages in the basin, and the samples are also rep-
resentative at the producer level because they consist of a
mixture of milk from all lactating females in the herd. The
samples were placed in labeled plastic bags and transport-
ed in a cooler filled with crushed ice to the Central Live-
stock Laboratory (LABOCEL). Analyses were performed

within 24 h of collection.

2.3. Experiment Design

The treatments were performed on TO (untreated raw
milk), T1 (spontaneous fermentation), T2 (fermentation
with addition of inoculum), and T3 (filro-fermentation).

Each collected sample was subjected to the four
treatments, resulting in a factorial arrangement of 4 x 31,
or 124 replicates in total. A volume of 250 mL was used

for the preparation of the different treatments.

° TO (Control): No treatment;

° T1: Direct incubation (44 °C, 24 h) after transfer into
a sterile box;

° T2: Filtration with a filter-compress, followed by
heating to 80 °C for 20 min, then cooling and inoc-
ulation with 1 mL of traditional curdled milk, then
incubation (44 °C, 24 h);

° T3: Filtration with a filter-compress followed by in-
cubation (44 °C, 24 h).

2.4. Analysis Protocol

As the primary objective of this study was to assess
the impact of technological treatments on the hygien-
ic quality (microbiological safety) of local milk, physi-
cochemical parameters such as pH were not measured.
The evaluation focused exclusively on indicators of fecal
contamination (Escherichia coli, Fecal coliforms) and

pathogenic flora (Staphylococcus, Salmonella spp., sul-

fite-reducing anaerobes), which are the direct criteria for
assessing the health risk associated with milk consump-
tion.

Microbiological analyses were carried out in accor-
dance with current international standards in order to en-

sure the reliability and reproducibility of the results.

2.4.1. Thermotolerant Coliforms and Esche-
richia coli

The enumeration of Escherichia coli and Fecal coli-
forms was performed according to the standard method "%
After preparing the stock suspension in buffered peptone
water (BPW), successive decimal dilutions were carried
out. An appropriate volume of each dilution was inoculat-
ed onto Rapid agar. The plates were incubated at 44 + 1 °C

for 18-24 h 1'%,

2.4.2. Staphylococcus aureus (Coagulase-Posi-
tive Staphylococci) Enumeration

Coagulase-positive staphylococci were counted by
using the standard method """’ The dilutions were inocu-
lated onto Baird-Parker (BP) agar enriched with potassium
tellurite and egg yolk emulsion. Plates were incubated at
37 °C for 24-48 h "7\

2.4.3. Enumeration of Sulfite-Reducing An-
aerobic Bacteria (SRC)

The enumeration of sulfite-reducing anaerobes, Clos-
tridium, was performed. Inoculation was carried out by
deep inoculation onto Tryptose Sulfite Cycloserine (TSC)
agar. The plates were incubated under anaerobic conditions
at 37 °C for 24-48 h. Black colonies, resulting from sulfite
reduction, were counted, and the results were expressed in
CFU/mL "™\

2.4.4. Salmonella spp Testing

A non-selective pre-enrichment was performed in
BPW, incubated at 37 °C for 18-24 h. This pre-enrich-
ment was followed by two selective enrichments, in Rap-
paport Vassiliadis Soybean (RVS) and Mueller Kauffman
Tetrathionate Novobiocin (MKTTn) media, incubated at
41.5 °C and 37 °C for 24 h, respectively. Isolation was
performed on selective agar plates (XLD and Hektoen).
Results were expressed as presence or absence in 25 mL

of sample "”.
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2.5. Statistical Analysis of Data

The collected data were coded and entered into Mic-
rosoft Excel, then analyzed using SPSS version 20.0. Means
and standard deviations were calculated. The data were first
log-transformed before applying the nonparametric Krus-
kal-Wallis test at a significance level of 5% to compare the
means, as the data did not follow a normal distribution and
the variances were not homogeneous. Cross-tabulations
were performed to determine the prevalence of Salmonella
in the samples, and a chi-square test and a z-test were used

to assess the statistical significance of the results.

3. Results

3.1.Fecal Coliforms (FC) Load According to
Treatment

The mean fecal coliform loads differed significantly
(p <0.001) between treatments (Table 1). The mean initial
contamination loads (TO) were very high (1.71 + 1.72 log
CFU/mL). Treatment T1 drastically reduced fecal coliform
contamination by approximately 1.16 log CFU/mL, or
about 67.84%, compared to the first treatment. However,
its load remained statistically different from those of T3,
which resulted in a 76.02% reduction in contamination of
approximately 1.3 log CFU/mL, and T2, which achieved
complete elimination of this organism. This indicates that
the analysed volume of the T2 treatment is completely free

of fecal coliforms.

Table 1. Fecal Coliforms (FC) Load according to treatment.

Treatments N FC (log CFU/mL)
TO 31 171+1.72°
T1 31 0.55+121°
T2 31 0.00 +0.00°
T3 31 0.41+0.87°
p-value 0.000

Note: NB: means having the same letter in the exponent are not statistically different
from each other at the 5% threshold. N: Number of samples; FC: Fecal Coliforms;
CFU: Colony-Forming Unit.

3.2. Evaluation of the Load in Escherichia coli
Depending on the Treatments

Escherichia coli contamination levels varied accord-

ing to the treatments, with significant differences (Table 2).
Escherichia coli was present in all types of milk (untreated
and treated), with a trend toward a decrease in treatments
T1, T2, and T3 compared to the control group. However,
only treatment T2 is statistically different from TO.

Table 2. Escherichia coli load according to treatment.

Treatments N Escherichia coli (log CFU/mL)
TO 31 171+1.52°
Tl 31 125+1.57®
T2 31 046+1.11°
T3 31 1.11+£1.52%
p-value 0.008

Note: NB: means with at least one identical superscript letter are not statistically dif-
ferent from one another at the 5% significance level. N: Number of samples; CFU:
Colony-Forming Unit.

3.3. Evaluation of Staphylococcus Load Based
on Treatments

The Staphylococcus load varies depending on treat-
ment without significant differences (Table 3). Contamina-
tion increased with treatments T1 and T3. Only treatment

T2 had a reduction effect, of approximately 28%.

Table 3. Staphylococcus aureus according to treatment.

Treatments N Staphylococci (log CFU/mL)
TO 31 2.11+1.16"
T1 31 1.86+1.53°
T2 31 1.26+141°
T3 31 1.76 £1.37°
p-value 0.115

Note: NB: means having the same letter in the exponent are not statistically different
from each other at the 5% threshold. N: Number of samples; CFU: Colony-Forming
Unit.

3.4.Sulfite-Reducing Anaerobic Bacteria
(SRC) Load According to Treatments

Table 4 shows the SRC load according to the treat-
ments. There is no significant difference (p-value > 0.05)
between the treatment means. The initial load is 0.11 +
0.59 log CFU/mL. Treatments T1, T2, and T3 completely
eliminated the SRC load. This indicates that the analyzed
volumes from these treatments showed a complete absence
of SRC.
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Table 4. Sulfite-reducing anaerobic bacteria (SRC) load accord-
ing to treatment.

Treatments N SRC (log CFU/mL)
TO 31 0.11+0.59°
T1 31 0.00+0.00*
T2 31 0.00+0.00*
T3 31 0.00+0.00*
p-value 0.392

Note: NB: means having the same letter in the exponent are not statistically different
from each other at the 5% threshold. N: Number of samples; SRC: Sulfite-reducing
anaerobic bacteria; CFU: Colony-Forming Unit.

3.5.Evaluation of Salmonella Load According
to Treatments

Salmonella was detected in all treatments with vary-
ing intensity (Table 5). The chi-square value is greater than
0.05, which means there are no significant differences be-
tween the presence and absence of Salmonella in the vari-
ous samples. There are also no significant differences be-
tween the treatments, as shown by the z-test. However, the
high initial Salmonella contamination (58.06%) dropped
slightly to 41.93% with each of the T1 and T3 treatments
and to 45.16% with the T2 treatment.

Table 5. Presence of Salmonella according to treatments.

Treatments N Presence of Salmonella spp. (%)
TO 31 58.06
T1 31 41.93
T2 31 45.16
T3 31 41.93
Chi-square 0.531

Note: N: Number of samples.

4. Discussion

The results obtained in this study clearly show that
the hygienic quality of collected raw milk varies according

to the type of treatment applied.

4.1. Analysis of Sample Contamination by Fe-
cal Coliforms

The initial fecal coliform load in raw milk is very high
(1.71 log CFU/mL), which is significantly higher than the
threshold value set by the Association Frangaise de Normal-
isation (AFNOR) standard (2 log CFU/mL). Coliforms are

common inhabitants of the mammalian intestine, and their
presence in milk indicates direct or indirect fecal contami-
nation due to inadequate hygiene practices during milking.
This result therefore reveals insufficient hygiene practices
by farmers in the collection area. The poor sanitary quality
of blended raw milk has been reported by numerous studies
in the sub-region, where fecal coliform loads are compara-

2021

ble to the present results “**'"". The higher fecal coliform load
in raw milk is thought to be due to the numerous handling
operations by milk collectors as well as various unhygienic
practices by dairy farmers, such as washing hands, teats, and
utensils with water of dubious quality ***),

Treatment T1 resulted in a significant reduction (0.55
log CFU/mL), but did not reach a sufficient level of mi-
crobiological safety. The pseudo-lactic nature of fecal coli-
forms explains this observation. These bacteria can actual-
ly withstand low pH levels, similar to what is encountered
in fermented milk **. This load is lower than that obtained
in the samples of Morocco . The treatment T3, a method
that combines filtration with spontaneous fermentation, re-
sulted in a greater reduction (0.3 log CFU/mL), likely due
to partial elimination of the flora during filtration. This re-
sult is also better than that obtained from samples of tradi-
tional unfiltered curdled milk in Senegal, with an average
load ranging from 2 to 5.41 log CFU/mL **),

Only treatment T2 allowed for the complete elimina-
tion of fecal coliforms, demonstrating the superiority of the
combined filtration-heating-directed inoculation approach.
Fecal coliforms are, in fact, sensitive to heat **, and the
combined impact of filtration and the heightened activity
of lactic acid bacteria due to the addition of starter culture
clearly illustrates the inhibitory effect of treatment T2. Our
results are significantly better than those reported by sev-
eral authors, who found fecal coliform contamination in
6—100% of their samples of fermented milk and industrial
and artisanal curdled milk ***”.

All these different results can be explained by the
theory that the level of contamination differs according to
the level of hygiene, the control of hazards inherent in han-

dling, and the ineffective control of heat treatment.

4.2. Analysis of Sample Contamination by
Escherichia coli (E. coli)

All samples analyzed in this study were contaminat-
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ed with Escherichia coli, indicating widespread fecal con-
tamination in the milk production chain. E. coli is a reliable
indicator of fecal contamination, representing 80-90% of
fecal coliforms . Their prevalence in raw milk would ex-
plain the presence of Escherichia coli (1.71 log CFU/mL).
Escherichia coliforms contaminate milk directly (via the
udder) or multiply following inadequate cleaning of uten-
33 which would explain the high E. coli load. The
average E. coli loads (1.71 log CFU/mL) obtained in this
study are higher than those obtained in Algeria (2.78 log
CFU/mL), and also higher than those obtained in Benin (0.6

log CFU/mL) **". However, these values are lower than

sils |

those found in the Niamey dairy basin and those obtained
in Senegal (6.04 log/g) ***. The difference in results with
these authors is explained by the fact that their mixed milk
samples were larger than ours.

Treatment T1 resulted in a reduction of this flora
(1.25 log CFU/mL), likely due to competition between in-
digenous lactic acid bacteria and enterobacteria. However,
this reduction was not significant in terms of inhibiting
pathogenic flora. This could be explained by insufficient
acidification during spontaneous fermentation, as these
bacteria are not acidophilic, with the exception of E. coli
0157:H7, which can withstand an acidic environment and
survive for up to approximately 4 weeks °°. Without pH
data, it is difficult to draw any conclusions.

Treatment T2, which combines filtration, heating,
cooling, and directed inoculation, resulted in the lowest
mean E. coli load (0.46 log CFU/mL), with a statistically
significant difference compared to the control. This nota-
ble decrease confirms the observations of several authors
regarding the effectiveness of heating in significantly re-
ducing fecal flora ®™**.. The persistence of this flora even
after heating the milk indicates exogenous contamination
following this treatment. Indeed, curdled milk is often sold
on the outskirts of streets or inside the market. Flies and
dust settle on the utensils used for selling curdled milk .
Also, the rinsing water for these sales utensils (funnels, la-
dles, etc.) is hardly ever changed by the curdled milk ven-
dors. All these unsanitary practices could be the cause of
the excessive contamination of the artisanal curdled milk.
A similar result was found in Senegal in samples of com-
mercial curdled milk *”. In contrast, samples of artisanal

curdled milk in Niger were free of E. coli contamination *”,

4.3. Analysis of Sample Contamination by Sul-
fite-Reducing Anaerobic Bacteria (SRC)

The results of the microbiological analysis showed
that only one sample of raw milk was contaminated with
SRC. This low presence of SRC in the raw milk can be
explained either by low contamination of the milk by clos-
tridia or by the presence of nisin secreted by lactic acid
streptococci, whose bactericidal and sporicidal properties
could well have destroyed these bacteria.

Recalling the telluric origin of SRC and considering
that it is sometimes found in the intestines of humans and
animals, it is easy to imagine that the single contaminated
sample could have come into contact with dust, or con-
versely, could have entered the milk via the milker after
washing hands with contaminated water, or through the
numerous splashes from cows that could have contaminat-
ed the milk with their excrement. A lower level of quality
than ours was found in another study conducted in Niger
using samples collected under the same conditions “”.

All three types of treatment proved effective in in-
hibiting these microorganisms. This complete absence of
SRC bacteria in fermented products is highly significant
from a health perspective. It suggests that fermentation,
even spontaneous, creates acidic conditions hostile to the
growth of these bacteria. This hypothesis is supported by
other authors, who report that the low SRC levels in their
Leben samples could be due to the inhibitory activity of
lactic acid bacteria *". Similarly, this result is consistent
with that reported in a study conducted in Niger on sam-
ples of traditional curdled milk "

The particularly protective effect of the T2 treatment
could also be attributed to the drastic elimination of com-
peting flora after heating, promoting the rapid establish-
ment of beneficial lactic acid bacteria.

Samples of traditional curdled milk “Tarmamoun
Adar” and those of industrial yogurt in some studies in Ni-

ger were also completely free of SRC 7%,

4.4. Analysis of Sample Contamination by
Staphylococcus aureus (S. aureus)

Staphylococcus aureus contamination was moderate
(2.11 log CFU/mL), which often reflects human, environ-

mental, or animal-borne contamination. Staphylococcus
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aureus is a bacterium found on the mucous membranes
and skin of most warm-blooded animals, including hu-
mans. It is sometimes implicated as a causative agent of
mastitis in dairy herds “'". Higher values of staphylococcal
contamination have been reported in the Niamey dairy ba-
sin, such as 3.9 log CFU/mL and 81.82 log CFU/mL ™",
In the sub-region, an average of 1.94 log CFU/mL was in
Senegal, and 2.94 log CFU/mL in Algeria and 0.59 log
CFU/mL in Fez, Morocco *"***1. Staphylococci can also
originate from poor transport conditions related to failure
to maintain the cold chain *", but more generally, humans
are the main source of contamination ',

After fermentation, the Staphylococcus aureus load
increased with treatment T1 (2.11 log CFU/mL versus 1.86
log CFU/mL). This same phenomenon has been observed
in several studies, notably one that reports the frequent
presence of Staphylococci in traditional products fer-
mented spontaneously without controlled inoculation, such
as Doi from India and Kindirmou from Niger and the Fanir

»#%1 This can be explained by the fact that the
[44]

of Benin '
cow’s udder can harbor these microorganisms

With the T3 treatment, the change in bacterial load
was moderate, although highly significant from a hygiene
and sanitation standpoint (1.76 log CFU/mL). This demon-
strates that filtration plays a role in reducing contaminating
flora, but that fermentation plays a crucial role in maintain-
ing this effect.

Furthermore, the natural fermentation of raw milk
without pasteurization leads to significant variability in
bacterial communities, and some pathogens can persist .
This would explain the persistence of Staphylococcus au-
reus in treatments T1 and T2.

To support this hypothesis, it should be noted that
the growth of microorganisms in fermented milk is expo-
nential and depends on the initial load. The acidification
of milk, under the action of lactic acid bacteria, would
provide protection against contaminating microorganisms
1 However, in the case of spontaneous fermentation, we
do not know the microorganisms involved in the lactose
degradation process, given that, in addition to lactic acid
bacteria, numerous yeast communities and other opportu-
nistic or even pathogenic microorganisms can be found in
various quantities in fermented milk. These results demon-

strate the drawbacks of spontaneous fermentation, which,

instead of guaranteeing product safety, contributes to the
proliferation of unwanted microorganisms. This finding is
supported by several studies that highlight the importance
of controlled fermentation to control pathogenic flora in
traditional dairy products ****),

Another possible explanation for T1 and T2 results
could be the resistance of staphylococci to acidic pH lev-
els. Studies have shown that Staphylococcus aureus can
survive and develop in Iben (Moroccan fermented milk)
and that its growth and toxin production can be initiated at
pH levels as low as 4.00 and as high as 9.33 1**"],

Their persistence in the T2 treatment may have sev-
eral reasons: either there was a prior accumulation of ther-
mostable toxins in sufficient quantity, and then heating
would have been limited in its effectiveness in destroying
them; or the method of cooling to room temperature, being
slow, favored their proliferation; or they showed antibiotic
resistance " to the activity of lactic acid bacteria.

These facts are among others that could justify the
presence of staphylococci in T2 treatment.

These results are in agreement with those of several
studies that have detected significant amounts of Staphylo-

cocci in their samples of artisanal curdled milk 7",

4.5. Salmonella Contamination of Samples

Salmonella was found in 58.06% of the TO samples,
further demonstrating the lack of hygiene during produc-
tion. On one farm, the main sources of Salmonella are the
excrement of sick animals or asymptomatic carriers. Sal-
monella spreads from farm to farm through water, solid
food, or excrement. When equipment rests on the ground
during milking, the milk can be contaminated with Sal-
monella, especially since even the water used for washing
could also be contaminated ®*. This prevalence of Salmo-
nella in our study is consistent with that reported in anoth-
er study conducted in Niger, which found an average Sal-
monella load of 10.91 log CFU/mL, whereas the average
loads in one study conducted in Senegal were low, or even
zero P44,

The rates of presence were reduced with all three
treatments: 41.93% each for treatments T1 and T3 and
45.16% for treatment T2, which confirms the high sensi-
tivity of these germs to low pH (4.6-4.8) "\, Although this

reduction is notable, none of the treatments allowed for a
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total elimination of Salmonella; the persistence of E. coli,
which is a reliable bioindicator of Salmonella ™", helps to
understand the presence of these germs in the three types
of fermented milk.

The more pronounced presence of Salmonella in the
T2 treatment is explained by the sourdough starter used,
which could well have been a potential source of contami-
nation due to the numerous handling steps during the man-

B4 or during sales, as with E. coli. Both

ufacturing process
of these bacteria are exogenous contaminants.

Our results for the second treatment are corroborated
by those of other authors, who found that 20.91% of their
fermented milk samples were contaminated with Sa/mo-
nella . In contrast, several other authors did not detect
any presence of these bacteria in their samples of artisanal
and industrial curdled milk #*****),

Treatments T1 and T3 resulted in a partial reduc-
tion of some germs thanks to the activity of lactic acid
bacteria. However, only treatment T2 led to a significant
decrease, or even the elimination, of the majority of patho-
genic bacteria, thanks to the combination of heating and
fermentation recirculation. The optimization of treatment
T2 thus represents a promising technological foundation
for processing local milk in the Niamey region, potentially
promoting the production of safer fermented milk with im-
proved shelf life, while also contributing to the structuring,
professionalization, and sustainable development of the lo-

cal dairy sector.

5. Conclusions

This study, conducted on raw milk collected in the
Niamey region, aimed to evaluate the impact of various
technological treatments (spontaneous fermentation, fer-
mentation with inoculum, and filro-fermentation) on its hy-
gienic quality. The microbiological analyses revealed that
the raw material (TO0) exhibits significant contamination,
particularly by fecal coliforms and staphylococci, confirm-
ing the necessity of processing before consumption.

The results clearly demonstrate the effectiveness of
the tested treatments. Fermentation, whether spontaneous
(T1) or combined with heating and inoculation (T2), as
well as filro-fermentation (T3), significantly reduced the

fecal coliform load. However, treatment T2 (heating fol-

lowed by fermentation with the addition of an inoculum)
stood out as the most effective. It not only almost com-
pletely eliminated fecal coliforms but was also the only
treatment to significantly reduce the load of Escherichia
coli, a major indicator of recent fecal contamination.

In contrast, none of the treatments showed signifi-
cant efficacy against more resistant flora, such as staphy-
lococci or sulfite-reducing anaerobic bacteria, nor against
the prevalence of Salmonella. This persistence highlights
the limitations of the tested processes and indicates that
controlling hygienic quality must also involve rigorous
preventive measures during production (milking hygiene,
rapid cooling).

In conclusion, controlled fermentation, inspired by
traditional practices but optimized by gentle heating and
the addition of an inoculum, appears to be a promising and
accessible method to significantly improve the food safety
of local milk. It could constitute an effective strategy for
small-scale producers and mini-dairies, allowing them to
enhance the value of their production while offering con-
sumers a safer product. Further studies are now needed to
evaluate the sensory acceptability of the final products,
validate the effectiveness of this treatment on a larger
scale, and explore solutions to target the more resistant

pathogenic microorganisms identified in this study.
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