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The aim of this study was to determine the common uses and evaluate the microbiological safety of raw
milk sold in southern Benin. To determine the different uses of raw milk, 345 individuals were surveyed
in three locations (Allada, Ouidah, and Zongo). Per location, 115 individuals were randomly sampled.
For the microbial analysis, milk samples were collected from the three targeted locality in southern
Benin (Allada, Ouidah, and Zongo). Our data shows that the mean values (CFU/ml) of the analyzed
samples vary according to the research organisms. Thus, it is recorded 1.8 x 10° for total aerobic
mesophilic flora (TMC), 4.0 x 10" for fecal coliforms (FC), 3.5 x 10’ for Escherichia coli, 2.8 x 10’ for total
coliforms (TC), 2.1 x 10’ for Fecal Streptococci (FS), 1.6 x 10’ for yeasts and molds (YM), 1.7 x 10’ for
sulfur reducing anaerobic bacteria (SRA) and 1.2 x 10’ for Staphylococcus spp. None of the milk
samples contained Salmonella spp. Globally, milk samples had important bacterial load with the highest
values for those collected from Zongo and Ouidah. It can be said that raw milk sold in the Southern
Benin’s markets does not comply with good hygienic practice rules in milking, storage, transportation
and sale. Thus, raw cow milk sold presents a serious health risk for potential consumers.
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INTRODUCTION
The consumption of fresh milk in Benin is still relatively moderate and the government's strategies for the
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Figure 1. Map of south Benin showing the study area (dotted line).

development of the dairy sector have not succeeded in
boosting it considerably. Thus, imported milk occupies an
important part of the dairy market (Anihouvi et al., 2019).
However, due to the relatively high price of industrial
fresh milk and the lack of storage facilities, most
consumers buy fresh milk, generally milked in the
morning, the same day. While it is up to the manufacturer
to ensure the safety and suitability of milk produced on
factory farms and dairy industries, local ranchers are not
making this a priority. Fresh milk as drawn from a healthy
cow may contains a low microbial load which may
increase in some conditions between milking and selling
in local markets (Knight-Jones et al., 2016; Veldzquez-
Ordofiez et al, 2019). It is important that the
government’s strategies for the development of the dairy
sector include direct collaboration with traditional
producers in order to give them basic training in good
hygiene practices and in situ quality control. To this end,
data on the quality of fresh milk, for which urban demand
continues to grow, are important to alert the authorities
and producers and help them to set up guides to good
hygiene practices, in terms of collection and storage. To
our knowledge, the most recent data on the
microbiological quality of fresh milk are those of
Farougou et al. (2011). These authors carried out their
studies in northern Benin targeting two municipalities with
large dairy production.

Although, the microbial load of freshly milked milk can
be decreased and the multiplication of the bacteria

prevented by using clean containers and refrigerating
(Bekuma and Galmessa, 2018), this is not customary in
Benin. Milk is not refrigerated and barely heated between
milking zones and transportation to the markets. This
study was undertaken to examine the conditions on
which local raw milk is stored, transported, sold and
consumed and its microbiological quality as it is currently
sold to consumers in local markets in South Benin.

MATERIALS AND METHODS

Survey on milk uses

A questionnaire has been addressed to milk consumers to assess
milk supply, transport, storage, preservation and treatment before
consumption. Stratified simple random sampling has been adopted
where the study area (Figure 1) was divided into three zones:
Zongo (local market at Cotonou), Allada and Ouidah at West and
north of Cotonou respectively. The three zones have been selected
for their importance (relative) of milk marketing. Simple random
sampling was then applied to each zone (Taherdoost, 2016). A total
of 345 individuals were surveyed at the rate of 115 individuals per
zone.

Sample collection

A total of 387 raw cow milk samples were collected and analyzed
from 3 local dairy markets between January 2019 and December
2020. Sample were randomly collected at three zones: Zongo (local
market at Cotonou), Allada and Ouidah at west and north of
Cotonou respectively (Figure 1). Samples were collected in the late



Table 1. Media and conditions used for the isolation of germs in milk.
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Targeted microorganisms Medium Tem;()oecg)ature Int?;%a(tllqc)m
Total aerobic mesophilic flora Plate count agar (Oxoid) 30 72
Total coliforms Brilliant Green Lactose Bile Broth (BioRad) 30 72
Fecal coliforms 44 48
Rappaport-Vassiliadis (Oxoid), 37 24
Salmonella spp. Salmonella-Shigella (Oxoid) 37 24
Yeasts and molds Dichloran Rose Bengale Chloram-phénicol (Oxoid) 30 72
Sulfur reducing anaerobic bacteria  Trypticase Sulfite Neomycin (BioRad) 37 48
Staphylococcus spp. Baird Parker (Oxoid) 37 48
Escherichia Coli Eosin methylene blue (Oxoid) 37 24

morning and performed to reflect the relative quality of individual
zones, based on data. They were transported as bought in cans to
the laboratory. Approximately 100 - 200 ml milk was aseptically
sampled from milk cans bought from each individual zone into a
sterile bottle. Samples were directly used after withdrawal and the
rest cooled at 4°C (within 30 min). Milk is collected by farmers in
small plastics and brought together into 25 L water buckets
(usually). The retailers then bring their 1.5 or 1 L plastics cans
where they buy the fresh milk. The milk is brought to markets in this
final container and sold as is to the final consumer.

Microbiological analysis

All samples and media preparation and germs counting were
performed according to international standards (ISO 7218, 2007;
Lahou et al., 2012; Centre for Food Safety Food and Environmental
Hygiene Department, 2014). Decimal dilutions of the milk samples
up to 107 have been made using buffered peptone water. The main
selective media used for the isolation and enumeration of colonies
are described in Table 1. The isolation and enumeration of total
aerobic mesophilic flora (TMC), total coliforms (TC), fecal coliforms
(TC), sulfite-reducing anaerobic bacteria (SRA), Staphylococcus
ssp., fecal Streptococci (FS), yeasts and molds (YM) were
performed according to international standards.

The TAM count was carried out after appropriate dilutions of the
sample in the buffered peptone water broth then inoculation on
Plate Count Agar (PCA) medium and incubated at 30°C for 72 h
(ISO 4833, 2013). The count of total coliforms is carried out on
Brilliant Green Lactose Bile medium and incubated at 30°C for total
coliforms and at 44°C for fecal coliforms, the count of red colonies
is carried out after 24 h of incubation (AFNOR NF V08-060, 2009).

For the detection of Salmonella, a pre-enrichment stock
suspension (10 ml of milk in 90 ml of sterile diluent) was incubated
for 18 h at 37°C. The resulting culture was inoculated with
Rappaport-Vassiliadis broth at 41.5°C for 24 h. These cultures are
then incubated in XLD agar at 37°C for 24 h (ISO 6579-1, 2017).

For the enumeration of yeasts and molds, 0.1 ml of the decimal
dilutions is placed on the surface of the petri dishes pre-cast with
DRBC agar and incubated at 25°C for three days in the dark (ISO
21527-1, 2008).

For the detection of Staphylococcus spp., Baird - Parker agar, a
partially selective medium which exploits the capacity of
staphylococci to reduce tellurite to tellurium and to detect the
presence of lecithinase from the lecithin of the egg, was inoculated
with 0.1 ml of dilution then incubated at 37°C for 48 h (ISO 6888-1,
1999).

For Escherichia coli, EMB plates were streaked by 0.1 ml sample
then the plates were incubated at 37°C for 24 h. Large, blue-black

colonies with a shiny metallic green appearance are counted.

Statistical analysis

Contingency tables and independence test of the y? have been
performed on the survey data. A significance level of 0.05 were
used. Analysis of variance (ANOVA) for the comparison of means
on log-transformed data was performed on microbiological
parameters. Correlations analyses between different microbiological
parameters were also performed on log-transformed data. All
statistical analyses were performed using R software version 4.0.1
(R Core Team, 2017) and Rstudio version 1.3.959 (RStudio Team,
2020). A significance level of 0.05 were used.

RESULTS

Milk uses

The diagram of Figure 2 represents the market chain of
fresh milk in the study area. Fresh and fermented milk
are provided by areas around Cotonou, namely, Ouidah
(~ 28 km at west Cotonou) and Allada (~ 50 km at north
Cotonou). The herders collect the milk in 25 L cans in the
Allada and Ouidah zones. Early in the morning, the
resellers go from one herd to the other to buy the milk
which they load in 1 or 1.5 L plastics cans. The milk is
then transported as is from these areas to the points of
sale in Allada, Ouidah and Zongo in taxi (in motorcycle or
car). The milk sold in Zongo therefore comes from
Ouidah and/or Allada. Some Ouidah resellers, especially
those who buy fresh milk for cheese making, also get
supplies from Allada where milk is apparently more
available. The end consumers will buy the milk in the
market exclusively.

Throughout the milk marketing chain, particular
attention has been paid to the hygiene of the containers
used for storage and transport. At the level of the
breeders, the milking takes place with utensils that only
undergo a simple washing and not each time before
milking. The cans and bowls used for storage are also
simply washed. The milk is stored at room temperature.
The resellers bring the cans where they transfer the milk,
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Figure 2. Diagram of the milk marketing chain in the study area.

Table 2. Cross tabulation of Zone vs. Form on which milk is
sold. Cheese means sold for cheesemaking.

Cheese Fermented Fresh Total
Allada 48 10 57 115
%r 41.74 8.70 49.57 100.00
%cC 59.26 9.62 35.63 33.33
QOuidah 33 18 64 115
%r 28.70 15.65 55.65 100.00
%c 40.74 17.31 40.00 33.33
Zongo 0 76 39 115
%r 0.00 66.09 33.91 100.00
%c 0.00 73.08 24.38 33.33
Total 81 104 160 345
23.48 30.14 46.38 100.00
100.00 100.00 100.00 100.00
23.48 30.14 46.38 100.00

% ¢ = column percent; % r = row percent.

cans also only undergoing a simple washing. At the point
of sale, the milk remains at room temperature.

The milk is bought fresh from breeders. However, in
times of scarcity, the breeders collect the milk in the cans
for 2 days (maximum 3 days) for the resellers who
therefore recover it fermented. Table 2 shows the forms
in which milk is sold to the consumers in the three zones.
The columns (% c) and row (% r) percent are also shown.
41.74, 8.70 and 49.57% of mik are sold for

Table 3. Cross tabulation of user vs. treatment.

Cold Heat None Total
Cheese maker 0 82 0 82
%r 0.00 100.00 0.00 100.00
%cC 0.00 51.57 0.00 23.77
Consumer 19 53 108 180
%r 10.56 29.44 60.00 100.00
%cC 100.00 33.33 64.67 52.17
Reseller 0 24 59 83
%r 0.00 28.92 71.08 100.00
%c 0.00 15.09 35.33 24.06
Total 19 159 167 345
%r 5.51 46.09 48.41 100.00
%C 100.00 100.00 100.00 100.00

% c = column percent; % r = row percent.

cheesemaking, fermented and fresh respectively. The
reason for separating milkk sold fresh and for
cheesemaking is the treatment it undergoes before
consumption. At Ouidah, the proportions are 28.70, 15.65
and 55.65% respectively; while at Zongo they represent
0.00, 66.09 and 33.91% respectively. At Zongo, the milk
is exclusively sold for direct consumption. As shown in
Table 2, 30.14% of the milk is sold fermented and
46.38% is sold fresh in the three zones.

Table 3 shows the milk treatment by the different users
in the three zones. The columns (% c) and row (%)
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Table 4. Mean values for microbiological parameters (CFU/mI)".

Zone Allada Ouidah Zongo Mean
Total mesophilic aerobic bacteria 9.3 x 10" ? 1.7 x 10%° 2.7x10°%° 1.8 x 10°
Total coliforms 2.6x10'2 2.8x10'2 3.0x10"°¢ 2.8 x10°
Fecal coliforms <10%a 8.6 x10"° 3.4x10"°¢ 4.0 x 107
Fecal streptococci < 10°? 4.9 x10°° 5.9 x10"° 2.1x10’
Sulfur reducing bacteria <10°2 2.4 x10"° 2.8x10"°¢ 1.7 x 10’
Escherichia coli 53x10'? 5.4 x 10" <10°° 3.5x10’
Yeast and molds 2.1x10"? 1.1x107° 1.7x10'° 1.6 x 10’
Staphylococcus spp <10°? 5.2 x 10°° 3.1x10° 1.2 x 10’
Salmonella <10°2 <10°° <10°%°¢ -

“In the rows of the table, means with different letters (a, b, c) are significantly different at the level considered

(0.05).

Table 5. Correlations coefficients between the different

microbiological milk quality parameters.

T™MC TC FC FS SRA

TC 0.835

FC 0.938 0.593

FS 0.953 0.630 0.999

SRA 0.955 0.635 0.999 1.000
STAPH 0.993 0.896 0.889 0.909 0.912

TMAF = Total aerobic mesophilic flora; TC = total coliforms; FC =
Fecal coliforms; SRA = Sulfur reducing anaerobic bacteria; STAPH =
Staphylococcus spp.

percent are also shown. Due to the process of traditional
cheese making which involves heating, 100% of
cheesemakers heat their milk; while 29.44% of the direct
consumers heat up the milk before use; 60.00% use it as
they bought it and 10.56% refrigerate it. None of the
resellers refrigerate their milk before selling or the unsold
milk; while 28.92% heat it up before selling and 71.08%
sell it as they buy from the farms.

Microbiological quality

The results of the microbiological analyses of the raw
milk samples are summarized in Table 4. In general, the
mean value of total mesophilic aerobic bacteria is very
high in the three zones. However, the value is higher in
central Cotonou market (Zongo, 2.7 x10® CFU/ml) than in
Ouidah (1.7 x 10% CFU/mI), which in turn is higher than
Allada (9.3 x 10" CFU/ml). The means are statistically
different (p < 0.001). A similar mean total coliform was
found in Allada and Ouidah (p = 34.6%). Higher count
was found for samples from Zongo (3.0 x 10" CFU/mL).
Fecal coliforms were not found in sample from Allada but
their count is high in samples from Ouidah (8.6 x 10’
CFU/ml) and Zongo (3.4 x 10’ CFU/ml), Ouidah having a

higher count. Fecal Streptococci were not found in
sample from Allada but their count is high in samples
from Ouidah (4.9 x 10° CFU/ml) and Zongo (5.9 x 10’
CFU/ml), Zongo having a higher count. Sulfur reducing
bacteria were not found in sample from Allada but in
samples from Ouidah (2.4 x 10" CFU/ml) and Zongo (2.8
x 10" CFU/ml), Zongo having a higher count.

E. coli were not detected in samples from Zongo but in
samples from Ouidah (5.4 x 10’ CFU/ml) and Allada (5.3
x 10 ' CFU/ml), Ouidah having a slightly higher count.
Yeast and molds have been detected in the samples from
the three zones. Higher count was obtained at Allada (2.1
x 10" CFU/mI) followed by Zongo (1.7 x 10" CFU/ml) and
then by Ouidah (1.1 x 10" CFU/ml). Staphylococcus spp.
were not detected in samples from Allada but in samples
from Ouidah (3.1 x 10’ CFU/ml) and Zongo (5.2 x 10°
CFU/ml), the later having a higher count. Salmonella was
absent in all samples (Table 4).

The results of the correlation analyses between pairs
for the different microbiological parameters are
summarized in Table 5. Results for salmonella were
excluded from the correlation analyses because they
were not present in the samples. High correlations were
found between TMC and all other microorganisms except
YM. There was also a high correlation between sulfur
reducing bacteria and fecal coliforms (0.999) and fecal
streptococci (1.000), the late correlation being the
highest. Note that, also, yeast and molds and E. coli were
not included in the correlation analysis because their
presence was not constant among the three sampled
zones. E. coli were not detected in samples from Zongo.
Fecal coliforms, fecal Streptococci, sulfur reducing
bacteria and Staphylococcus spp. were not present in
sample from Allada.

DISCUSSION

The “traditional” milk market chain in the studied area
lacks proper planning, collection and distribution facilities.
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The milking conditions, the means of storage, transport
and marketing do not make it possible to ensure good
control of the hygienic quality of the milk sold in the
studied local markets. A chi-square test of independence
was performed to examine the relation between the
zones and the form in which milk is sold and between the
use made of the milk and the treatment before that use.

The relation between the form and the zone was
significant, ;(2 (4, N = 345) = 125.75, p < 0.001. The form
in which milk is sold (mainly in Zongo) is more likely to
depend on to where it comes from. In the same way,
there were a significant relationship between the zones
and milk preservation technics. Consumers in Zongo
were more likely than the others to heat or refrigerate
their milk, ;(2 (4, N = 345) = 41.67, p <0.001. The small
portion of users (5.51%, Table 2) who use refrigeration to
preserve their milk could be explained by the fact that
most milk consumers cannot afford a refrigerator and that
consumers who can would buy industrial milk in
supermarkets as an important part of milk is imported in
Benin (Sombo, 2013). Naturally fermented milk can’t be
heated as this would affect its taste and cook the curd.
Traditionally, milk is consumed mixed to other foods
(porridge and other local meals). The time it takes to go
through the sales chain without any treatment should
allow microorganisms to grow rapidly in the milk. This
subjects the milk consumed in Zongo to a lower
microbiological quality. This is proved by the second part
of this study.

The dairy policy is not a priority for the Beninese
government, the implementation of the policy for the
promotion and valuation of livestock products being
based on livestock development programs (Dutilly et al.,
2020). However, with growing interest, these policies
should include collaboration with traditional marketers of
milk and dairy products. This collaboration should be
based on training aimed at improving the quality of
milking, storage and transport of milk and publicizing the
dangers that can be represented by the consumption of
poor-quality milk. Unsanitary conditions or practices
during the pre- and post-pasteurization processes and/or
a deficiency in pasteurization have been found to conduct
to high level of contamination (Martin et al., 2018).
Furthermore, a study conducted in pasteurization centers
in Africa (Owusu-Kwarteng et al., 2020) and in Brazil
(Silva et al., 2010), suggest that pasteurization is not the
only critical step for improving the microbiological quality
of milk products (Pappa et al., 2019; Enayaty-Ahangar et
al., 2021). Hence, the importance to integrate all the
market chain in the promotion of the quality of milk and
dairy products.

The European Union requirements for raw milk include
an upper limit of 5 log CFU/ml (10° CFU/m) for the total
plate count (European Commission, 2004; Marri et al.,
2020) for satisfactory quality of raw milk. In the three
analyzed zones, the Total Mesophilic Count (TMC) load
exceeds this microbiological criterion applicable to milks,

although the ANOVA showed a significant difference
between them (p < 0.05). The mean value for TMC (1.8 x
108CFU/mI) is higher than that obtained by Kamana et al.
(2014) in Rwanda’s farms and collection centers.
However, Aaku et al. (2004) in Botswana and Bonfoh
(2002) in Bamako obtained a TMC range from 5.3 to 7.8
log CFU/ml (2x10° to 1.6 x 10’ CFU/ml) and 8.1 log
CFU/ml (1.3 x 10° CFU/ml) respectively. The results
obtained for the TMC for Ouidah and Zongo are similar to
those obtained by Farougou et al. (2011) in northern
Benin. The total aerobic mesophilic flora being an
indicator of the hygienic quality of raw milk, its presence
in such large numbers indicates poor hygiene control
during milking or of the equipment used in the transport
and storage of raw milk (Clarence et al., 2009; Chorfi et
al., 2020).

The results obtained for the total coliforms (TC) and
fecal coliforms (FC) in raw milk from OQuidah and Zongo
are higher than those (6.17 x 10° CFU/ml and 9.24 x 10°
CFU/ml respectively) obtained by Farougou et al. (2011)
in northern Benin. However, at Allada these germs were
absent. Moreover, Kouamé-Sina et al. (2010) found in the
Céte d’lvoire that raw milk contained, on average, 5.5 log
CFU/mI coliforms in milk storage tanks at farms and 6.0
log CFU/ml during sale, while Swai and Schoonman
(2011) found between 6.2 and 6.6 log CFU/mI in retail
raw milk in Tanzania.

Total coliforms were found in all milk samples
analyzed. In addition, E. coli was detected in Allada and
Ouidah; fecal coliforms and fecal streptococci were found
in samples from Ouidah and Zongo. All values present
are higher than those found by Farougou et al. (2011) in
Northern Benin. El-Leboudy et al. (2014) reported mean
total coliform counts of 3.28 x 10 - 1.4 x 10° CFU/ml in
Egypt with the dominant isolated coliforms of 8% E. coli.
In Zimbabwe, E. coli counts of 1.78- 2.21 logl0 CFU/mI
were reported in milk samples by Chimuti et al. (2016).

Total coliforms and fecal coliforms are considered
technical indicators for the general control of fecal
contamination and cleaning systems, but it is above all
fecal coliforms and E. coli which are the most effective
indicators of the direct fecal contamination. Moreover, the
existence of total coliforms would be an indicator of poor
hygiene practices but not necessarily direct fecal
contamination of milk (Meshref, 2013). The presence of
these germs in milk could be of environmental origin
(Martin et al., 2016).

Sulfur reducing bacteria were found in samg)les from
Ouidah and Zongo (2.4 x 10" and 2.8 x 10’ CFU/ml
respectively) but not Allada. Our counts are higher than
those found by Farougou et al. (2011) in northern Benin
(3.8 CFU/mI) and lower than those found by Edward and
Inya (2003) in Nigeria. Contamination by these bacteria
may come from cow’s intestine microflora, soil or from
milkers themselves as carriers (Underwood et al., 2015;
Owusu-Kwarteng et al., 2020). In milk analysis, sulfur
reducing bacteria are also used as fecal contamination



indicators. However, contamination by these bacteria can
be minimized efficiently by good manufacturing practices
(EFSA, 2005; Virpiranta et al., 2019).

Yeasts and molds were present in all samples at values
higher than those found by Farougou et al. (2011) in
northern Benin but much lower than those found by
Edward and Inya (2003) in Nigeria. Yeasts and molds
contamination is due mainly to milking and packing tools
(Frank, 2007; Sgrhaug, 2011). Yeasts and molds in milk
may represent a potential health risk (Garnier et al.,
2017) as they have been related to some disease due to
milk (Fernandez et al., 2015). However, they usually do
not survive pasteurization (Elshrawy et al., 2019).
Salmonella spp. were absent in all samples analyzed.

Staphylococcus spp. were found in samples from
Ouidah and Zongo but not Allada. Our counts are lower
than those found by Edward and Inya (2003) in Nigeria.
S. aureus lives naturally in skin and mucous membranes
of the nose and oropharynx of warm-blooded animals
(Otto, 2010; Hanssen et al., 2017). It can be eliminated
by simple pasteurization after which, nonetheless, some
stains can keep their biological activity (Gaya and Calvo,
2018; Yu et al.,, 2020). Care must be taken regarding
Staphylococcus particularly S. aureus because it has
been known to be responsible for food poisoning
outbreaks (De Buyser et al., 2001; Kadariya et al., 2014).

A correlation analysis has been performed between the
microbiological parameters assessed (Table 3). Except
for total coliforms, high correlation has been found
between all the microbiological parameters, specially
between total aerobic mesophilic count and the others
parameters. Given that the total aerobic mesophilic
indicate the global bacterial load in the milk, this
correlation confirms the overall results obtained. Mainly,
most of bacteria were present at high numbers.
Furthermore, the high correlation between the fecal
coliforms and fecal streptococci (0.999) and sulfur
reducing bacteria  (0.999) confirms the fecal
contamination. On other hand, the relatively medium and
high correlations between total coliforms (0.593) and
fecal streptococci (0.630) and sulfur reducing bacteria
(0.635) and S. aureus (0.896) would be due to the fact
that these four bacterial groups were not present in
samples from Allada. Note that however, the values for S.
aureus obtained at Zongo and Ouidah are high, which
could explain the relatively high correlation coefficient
(0.896) observed.

Conclusion

Results of the study clearly indicated the low
microbiological quality of raw milk sold in local markets.
The milk samples analyzed from Zongo and Ouidah are
generally unfit for human consumption. This is directly
linked to the storage, preservation and transport steps in
the milk market chain in the studied area. The presence

Djobo et al. 351

of bacteria such as S.aureus, E. coli, yeasts and molds
and some sulfur reducing bacteria (Clostridia for
example) in raw milk is potentially dangerous and
become a public health concern. Therefore, it is
recommended that the dairy sector development plan
involves training and guiding farmers and local milk
sellers in good hygiene practices. Meanwhile, information
on health hazards associated with contaminated raw milk
should be extended to the public to allow the consumers
to know the risks associated with the consumption of
unhygienic raw milk.
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