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Abstract: The Peulh cheese, locally known as  W arangashi, is  widespread and more consumed a mong
local products  resulting from the transformation of cow's  milk in Benin. The pre s e n t  s t u d y proposes
to inves tigate the phys icochemical characteris tics , the hygienic quality an d  t h e  le v e l of aflatoxins  in
local cheese marketed in Benin. Twenty-three various  cheese samples  collected from markets  and Peulh
s ites  were analyzed. The determined phys icochemical characteris tics  varied (respectively 39.14 %, 1.14
% and 22.9 % on average of total solid s  c o n t e n t, lactic acid and fat content) with a pH around 6.41.
All ana ly ze d  s amples  were free of Staphylococcus aureus and Salmonella sp. the proportion of
un s a t is fie d  samples  was  100 % with regard to the total number of coliforms  and Escherichia coli

e s p e c ia lly. The isolated fungi from the preserved cheese samples  were Absidia spp, Alternaria sp p ,

Mucor spp, Cladosp orium spp, Fusarium spp and Penicillium spp, with a predominance of the latter.
All the tes ted samples  showed aflatoxin rates  below the limit of detection of 4 ppb.

Key words: Peuhl cheese, W arangashi, quality, contamination, moulds , aflatoxins . 

INTRODUCTION

Fresh milk and its  various  products  highly contributed to infant’s  and adult’s  diets  in countries  all over the
world.  Due to the difficult conservation of fresh cow’s  milk in developing countries , attempts  of technological
approaches  were developed in order to transform into added value products  (Dossou et al., 2006).

In Benin, the transformation of milk in Peuhl cheese is  an alternative b e c a u s e  it increases  its  aptitude for
the conservation, facilitates  its  handling and improves  th e profits  from its  production. The Peulh cheese called
W arangashi, is  a local dairy product that is  produced by the Peulhs , and widely consumed in rural as  we ll a s
urban zones . Nevertheless , cheese remains  a suitable medium for the growt h  o f mic roorganisms  and the
production of mycotoxins .

Furthermore, various  works  were conducted on the technology of the production of Peulh cheese a n d  its
microbiological quality in the interes t of the producers  and consumers . Egounlety (1981) carried out an
inves tigative technological report on the production o f c h e ese in the region of Borgou, in the north of Benin.
He concluded that producers  have a perfect control of the technology, but the microbiological quality of the raw
materials  and produced cheese is  often lacking.

Later, Egounlety (1982) worked on s tabilization by chemical t reatment, and in collaboration with other
researchers  in 1994, on the cons e rv a t io n  of Peulh cheese. Afterwards , Kees  (1996) s tudied the technology of
production of cheese in regard to its  popularization. In addition to these s tudies , a guide was  published on the
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practices  of prod u c t io n  a nd transformation of cow’s  milk in Peulh cheese (Dossou et al., 2006). Recently, the
improvement of W arangashi by adding Lactobacil lus plantarum in the product was  performed (Keke et al.,

2008).
In spite of the numerous  works  on Peulh cheese presented above, there were few s tud ie s  on the fungi

contamination and the level of mycotoxins  in local cheese marketed in Benin.
In  s u b -Saharan Africa, the evolution of the practices  of rationing in dairy breeding increases  the ris k o f

contamination of the cattle and the passage of the mycotoxins  into the food chain (Ruppol et al., 2004). These
toxins  represent a big problem t o  t h e public health, either directly, when into the food chain when they
contaminate the food chain via animal feed (Sinha and Bhatnagar, 1998). Today, many mycotoxins , whose rates
of passage in the dairy products  have been ignored, co n t a min a t e cattle’s  food (Guerre et al., 2000). These
compounds  are likely carcinogenic, immunotoxic, and nephrotoxic. The mycotoxins  main ly  a c c used in the
contamination of the dairy branch are aflatoxins  (Ruppol et al., 2004).

The lo c a l Peulh cheese, W arangashi, common to three countries  (Benin, Nigeria, and Togo) is  the subject
of multiple s tudies . In Nigeria, Aspergillus and Mucor spp  were detected in the cheese, called “W ara”. Aflatoxin
B  (AFB ) and aflatoxin M  (A FM ) levels  of examined samples  ranged from 4.8-5.3ì g/kg and 6.4-7.5ì g/kg,1 1 1 1

respectively (Ad e g o ke  et al., 1992). From these results , there is  a need to evaluate the microbiological quality
of marketed cheese in Benin. The aim of the present s tudy is  to determine some phys icochemical characteris tics .

The aim of the present s tudy is  to determine some phys icochemical characteris tics  and micro b io lo gical
quality of local cheese marketed in Benin. In addition, a search was  made fo r a fla t o xin s  in preserved cheese.
These will partly contribute to the safety assessment of technological microflora found in local cheese.

MATERIALS AND METHODS

Inquiry and Collection of Samples:

A s tructured inves tigation took place in different markets  located in the south of Benin and in various  Peulh
s ites  in the north. This  inves tigation collected data from the transformers  in regards  to the shelf life of preserved
cheese and the mos t satis factory results  obtained from various  methods  of conservation.

23 cheese samples  produced from cow’s  milk were analy ze d  (9 c o min g from the markets  and 14 from the
Peulh s ites). The cheese wa s  b ought in the same conditions  of production, handling and sale encountered by
other cus tomers . The samples  collected in plas tic bags  were labeled and transferred to the laboratory where they
were either immediately analyzed or preserved at 4 °C before analys is .

Physicochemical Analysis:

A determination of total solids  content and acidity was  determined according to the methods  described by
the Association of Officia l Analytical Chemis ts  (AOAC, 1990). Cheese samples  were analyzed for pH values
by us ing a digital pH-meter (HANNA  HI 98129). The fat content was  determined by a soxhlet extraction with
the petroleum ether. Analyses  were done in triplicate.

Microbiological Analysis:

For all microbiological samples  of 25 g were taken from the cheese and transferred into 225 ml o f p e ptone
water and homogenized. From the initial dilution, appropriate decimal dilutions  were prepared and aliquots  were
p la t ed in duplicate on various  mediums. Plate Count Agar was  used for the Total Bacterial count. Plates  we re
incubated at 30 °C fo r 72 h . De s oxycholate was  used for the Total Coliforms  count. Plates  were incubated at
30 °C for 24 h. Desoxycholate was  also used for the Faecal Coliforms  count. In this  case plates  were incubated
at 44 °C. Rapid E coli was  used for Escherichia coli count. P la t e s  were incubated at 44 °C for 24 h. Baird
Parker Agar Base was  used for Staphylococcus aureus count. Plates  were incubated a t  37 °C fo r 48 h. Yeast
Extract Glu c o s e  Ch lo ramphenicol Agar was  used for Moulds  and Yeas t count. Plates  were incubated at room
temperature for 5 days . Salmonella Shigella Agar was  used for Salmonella sp. count. Plate s  we re incubated at
37 °C for 24 h. Lactic a c id  b a c t e ria count was  also determined by us ing the pour plate method. Man Rogosa
Sharpe was  used as  medium. Plates  were incubated at 30 °C for 3 days . Afte r incubation, the number of
colonies  was  tracked us ing a colony counter. The number of germs  in Colony Forming Units  per gram (CFU.g )-1

of cheese is  then determined by calculation, bearing in mind the factors  of dilution.

Identification of the Moulds in Preserved Cheeses:

In order to follow the evolution and to identify the moulds  on preserved cheese, randonly chosen samples
were preserved us ing three methods . The firs t batch was  preserved at 4 °C in a refrigerator, a second batch dried
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under the sun during 6 consecutive days  at a rate of 4 h per day and a third batch fried with refined vegetable
oil. The three batches  were observed during two weeks  and analyzed before and after the appearance of moulds .

Moulds  and Yeas ts  were determined on Yeas t Extract Glucose Chloramphenicol Agar incubated at room
temperature for 5 days . A small piece of tape was  applied on th e  c o lony, then depos ited on a s lide. A smaller
drop was  then deposited on top of the tape and microscopic examinations  were carried o u t . T h e moulds  were
identified according to cultural and morphological characteris tics  of the fungi.

Determination of Aflatoxins in Cheeses:

A screening tes t based on monoclonal antibodies  was  experimented us in g  c o mme rc ial kits  (AFLACARD
T OTAL) manufactured by R-BIOPHARM RHÔNE LTD. This  screening procedure is  intended to  s e rv e  a s  a n
indicator of the presence of total aflatoxin at levels  of 4 ppb, 5 ppb, 10 p p b , 15 ppb, 20 ppb or 30 ppb
according to European and International legis lation. 

Statistical Analysis:

The mean and the s tandard deviation of the phys icochemical parameters  were calculated by us ing SYSTAT
5.05 software.

RESULTS AND DISCUSSION

Physicochemical Characteristics of Cheeses:

Fig. 1 and 2 show the phys icochemical characteris tics  (pH, acidity, total solids  content and fat content) of
local cheese marketed in Benin.

Total solids  content of cheese samples  from the markets  v a rie d  from 30.69 to 47.26 % and those from the
Peulh s ites  from 33.28 to 43.37 %, with respective a v e ra g e s  of 38.20 and 40.08 %. These results  are s imilar
to those of Egounlety et al., (1994) who found a value of 40.01 %, o n  a v e ra g e , fo r t he cheese ready for the
sale. In the same way, these results  agree more or less  with those of Uze h  e t  al. (2006) who found a mois ture
content of 55.68 %, corresponding to 44.32 % of the total solids  content for W ara cheese. Nevertheless , Alalade
and Adeneye (2006) found that, for fresh cheese, there was  a mois ture content of 70.75 %, equivalent t o  29.25
% of the total solids  content, which is  definitely lower than those mentioned previous ly. The observed variations
may be due to the condit ions  of handling and s torage of the cheese. The quantity of water to be eliminated is
included according to the type of cheese; between less  th a n 30 % and more than 85 %, which shows its  great
variability and consequently that of the total solids  content.

The pH of the che e s e  s a mp le s  fro m the Peulh s ites  was  between 5.35 and 7.38, with an average of 6.48.
The pH of the cheese samples  from the markets  was  between 6.06 and 6.55, with an average of 6.35. Egounlety
et al. (1994) obtained a pH of 6.35 for fresh cheese and 5.54 for cheese after 2 to 4 days  of p ro d u c t io n . Uzeh
et al. (2006) and Alalade and Adeneye (2006) respectively found pH of 4.64 and 4.85 for W ara cheese. The
fresh cheese has  a pH whose value is  almos t neutral, and this  pH drops  quickly because of the activities  of the
thermophilous  lactic flora, which acidifies  the cheese by producing lactic acid. Nevertheless , a neutral pH could
be explained by the freshness  of cheese as  well as  t h e  p o s t-production treatments  such as  salting, colouring,
heating with potash and the immers ion of cheese in water, practises  usually  o b s e rv e d  b y  the retailers  of the
enquired markets .

Concerning the acidity, the limits  of t h e  variations  were 0.51 and 1.26 %, with an average of 0.84 % of
lact ic  a c id  fo r t h e  cheese from the markets , then of 0.42 and 2.43 % for the cheese from the Peulh s ites  with
an average of 1.44 %. The observed variations , particularly high values  of acidity of certain cheese samples
from the Peulh s ite s  wo u ld be explained by the increase in the quantities  of lactic acid produced by the lactic
acid bacteria. In fact, the cheese from the Peulh s ites  did  n o t  u n d e rg o  any additional treatment after their
production, being able to decrease their lactic acid conte n t  o r t o  kill p a rt of the acidifying flora, which is
without a doubt the case of the cheese from the markets .

The fat contents  of cheese from the Peulh s ites  flu c t u a t e d  between 3.89 and 43.26 % and those from the
markets , between 9.85 and 63.72 %. This  shows the heterogeneity of local cheese and their relative high fat
contents . Alalade and Adeneye (2006) obtained an average of 39 %  o f fa t  c o n t e n t , more than double of the
value found by Uzeh et al. (2006) for W ara  c heese. The observed variations  may be due to the quality of milk
used for cheese production.

Generally, the local cheese had acceptable phys icochemical characteris tics  in spite of the greatly observed
heterogeneity.
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Tzanetakis  et al. (1987) h a v e  ju s t ified the high observed variations  in phys icochemical characteris tics  of
cheese through the quality of milk used, particularly its  microflora, coupled to the lack of s tandardized
process ing methods . Belewu (2001) indicated that there is  t h erefore the need to increase knowledge on the
mechanism affecting the quality of the final product. Cheese is  a good nutritional source and the need to ensure
the microbiological safety of the product mus t be emphas ized. 

Fig. 1: Phys icochemical characteris tics  of cheese samples  from the markets

Fig. 2: Phys icochemical characteris tic of cheeses  samples  from the Peulh s ites

Microbiological Quality of Cheeses:

The results  of the microbiological analys is  o f t h e  cheese from the markets  and the cheese from the Peulh
s ites  are respectively given in Tables  1 and 2.

The Total Bacterial count is  higher higher than 10  CFU g  for all analyzed samples , with a minimum of5 -1

4.9x10  CFU g . However, according to AFNOR criteria's  for fresh cheeses  pas teurized during the dis tribution,7 -1

these high values  are dis regarded. Moreover, by ob s e rving the lactic flora respons ible for the excretion of the
lactic acid and forming part of the Total Bacterial count, it was  noted that 66.66 % of t h e  samples  from the
ma rkets  and all the samples  from the Peulh s ites  also presented a value of lactobacilli count hig h e r t h a n  105

CFU g , the minimum being of 9.9x10  CFU g for the samples  of markets .-1 3 -1

Total Coliforms  exceeded 10  CFU g  in all the samples  collect e d  fro m t h e  Pe ulh s ites  and in 77.77 % of5 -1

the samples  from the markets . The remainder (22.22 % ) p re s e n t e d  v a lue ranging from 1.2 to 3.4 x10  CFU g .4 -1

These results  confirm those of Alalade and Adeneye (2006) and of Uzeh et al .  (2006) who respectively found
472.75x10  and 2.4x10  CFU o f c o liforms per gram of W ara cheese. Faecal Coliforms and Escherichia coli5 7

c o u n t  for all the samples  from the Peulh s ites  were found to be between 1.4x10  and 10  CFU g  wh ile  77.774 5 -1

% of the samples  from the markets  presented numbers  ranging between 2.1x104 and 105 CFU g .-1
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The remainder of the cheese samples  fro m t h e  markets  (22.22 %) was  between 10  and 10  CFU g  for2 3 -1

the two categories  of microorganisms . All the samples  s h o we d  a coliform rate higher than the values
recommended by AFNOR’s  criteria which limits  the maximum of the T o t a l Co liforms  count to 10 and 1 for
the Faecal Coliforms  per gram of cheese. These results  are the  p ro o f o f the poss ible failures  of conformity to
the rules  of hygiene, which could have occurred during various  operations  of production, handling and s torage
of the cheese before and during their dis tribution. Various  s tudies  have shown the extent to which handling
after manufacture has  in flu e n c e d the quality of cheese (Massa-Calpe, 1996). However, poor hygiene and a
greater susceptibility of the cheese to bacterial growth explain the higher level of contamination in fresh cheese
(Turkoglu et al., 2003).

The prese n c e  o f S . a u re us in heated and handled food after cooking is  an indication of human
contamination and poss ibly bad hygiene of the handlers , in the field of the handling operations  or personal
hygiene. In the same way, Salmonella  is  at the origin of food toxin infections  due  t o  it s  p re s ence in cheese.
Neither of them were detected in any of our samples  which shows that there is  no contamination by pathogenic
germs. This  a b s e n ce of the potentially pathogenic flora in spite of the high presence of coliforms could be
explained by the water content o f cheese and the antagonis tic action exerted by the s trong presence of the
lactobacilli respons ib le  for the lowering of the pH, and the heat treatments  carried out by the cheese retailers .

The majority of the samples  from the Peulh s ites  and 66.66 % of the samples  from t h e  ma rkets  presented
a number higher than 10  CFU g  of Moulds  and Yeasts  count.5 -1

The proportion of samples  showing the levels  of contamination higher than the criteria of reference for two
different parameters  is  very high, except for the case of the potentially pathogenic germs . This  makes  essential
the application of a new heat treatment before any consumption.

Identification and Evolution of the Fungi Flora of Cheeses During the Conservation:

The moulds  can grow in cheese, either as  specific mycoflora or accidentally  (mycoflora of contamination).
The  c h e e s e  c ontaminated by undes irable moulds  is  especially those which do not contain specific moulds
(Tantaoui-Elaraki et Khabbazi, 1984). Therefore, it would be interes ting to s tudy this  cont a min ation through
experimentation on the cheese. The goal in this  work was to observe the influence of conservation on t he rate
of the appearance of vis ible moulds  in a macroscop ic  way, and to identify them. Thus , three batches  of
differently preserved ch e e s e s  (a  batch preserved at 4 °C, a batch dried under the sun and a fried batch) were
observed and analyzed for fifteen days .

The enumeration on the solid medium, Ye a s t  Extract Glucose Chloramphenicol Agar, on the 10  dayth

revealed the colonies  of moulds . These colonies , which grew for the batches  of fried and dried cheese, and some
of cooled cheese, were identified and recapitulated in Table 3.

Table 1: Microbial count of Peulh cheese samples from the markets

CFUg-1

---------------------------------------------------------------------------------------------------------------------------------------------------
LOCAT IONS T otal Bacterial T otal Coliforms Faecal Coliforms E.coli count S. aureus Salmonella Moulds and Lactobacilli

count count count count sp. count Yeasts count  count

FIFADJI 2.8 x10 2.1x10 9.7x10 1.1x10 0 0 1.0x10 1.5x108 5 2 3 5 5

GBEGAMEY 4.2x10 3.4x10 2.1x10 1.1x10 0 0 3.4x10 1.8x108 4 4 3 5 5

AIDJEDO 6.3x10 4.6x10 3.5x10 2.6x10 0 0 7.0x10 1.7x108 5 4 4 4 5

ST  MICHEL 4.9x10 1.2x10 6.0x10 4.1x10 0 0 3.1x10 9.9x107 4 2 2 5 3

T OKPA 8.2x10 4.6x10 3.1x10 3.1x10 0 0 3.0x10 6.9x108 5 4 4 5 4

GODOMEY 8.5x10 4.9x10 3.9x10 3.1x10 0 0 2.0x10 2.5x108 5 4 4 5 4

CALAVI 6.9x10 1.3x10 2.2x10 2.1x10 0 0 7.3x10 1.6x108 5 4 4 4 5

MENONT IN 9.1x10 5.1x10 3.9x10 3.7x10 0 0 4.8x10 8.2x108 5 4 4 5 5

VEDOKO 5.9x10 2.6x10 1.9x10 2.0x10 0 0 1.1x10 1.2x108 5 4 3 5 5

AFNOR’s - 10 1 * 10 0 * *

Criteria (1976)
Proportion of

samples - 0 0 * 100 100 * *

in conformity (%)

*: Absence of criterion

-: Disregarded
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Table 2: Microbial count of Peulh cheese samples from the Peulh sites

CFUg-1

---------------------------------------------------------------------------------------------------------------------------------------------------

Number of sample T otal Bacterial T otal Coliforms Faecal Coliforms E.coli count S. aureus Salmonella sp. Moulds and Lactobacilli

 count count count count count Yeasts count  count

NIKKI 8.8x10 2.2x10 3.9x10 2.7x 10 0 0 3.2x10 7.7x108 6 4 4 6 7

KPANHOUIGNAN 4.4x10 7.1x10 6.9x10 3.4x 10 0 0 4.7x10 5.9x108 5 4 4 6 6

SAVE1 5.7x10 2.9x10  2.9x10  1.8x 10  0 0 4.5x10  2.3x108 6 4 4 6 5

SAVE 2 7.2x10  2.9x10 9.2x10  5.4x 10 0 0 5.9x10  6.1x108 5 4 4 6 6

SOKOSSO 9.1x10 2.9x10 4.1x10 2.9x10 0 0 6.9x10 4.3x107 6 4 4 6 6

BEYAROU 2.2x10 2.9x10 2.9x10 3.9x 10 0 0 1.9x10 6.1x108 5 4 4 6 6

CISSON 6.4x10 2.9x10 3.7x10 1.4x 10 0 0 1.6x10 6.1x107 6 4 4 6 6

KOUSSORA 8.1x10 2.5x10 4.9x10 3.8x 10 0 0 7.1x10 6.9x108 6 4 4 6 6

KOUMEROUNGA 8.7x10 7.3x10 7.1x10 3.9x 10 0 0 2.9x10 5.1x107 5 4 4 6 6

ACHERIGBE 9.1x10 1.3x10 6.1x10 3.9x10 0 0 7.3x10 4.1x108 6 4 4 6 7

GBIRIBOU 7.1x10 8.4x10 7.2 x10 5.9x 10 0 0 4.9x10 6.1x108 5 4 4 6 7

KPAROU

DIHOIGBE 8.4x10 2.8x10 8.1x10 4.9x 10 0 0 5.2x10 6.7x108 5 4 4 6 6

DASSA 9.2x10 3.2x10 9.9x10 8.1x10 0 0 6.3x10 7.3x108 6 4 4 6 6

DIHOIW EE 7.1x10 2.9x10 7.8x10 3.9x10 0 0 6.9x10 5.2x108 5 4 4 6 7

AFNOR’s - 10 1 * 10 0 * *
Criteria (1976)

Proportion of - 0 0 * 100 100 * *

samples in

conformity (%)

*: Absence of criterion

-: Disregarded

Table 3: Genus of moulds identified on the mildewed preserved cheese samples

Cheese Genus of moulds

Fried Absidia spp

Alternaria spp

Fusarium spp

Penicillium spp

Dried under the sun Alternaria spp

Mucor spp

Penicillium spp

Cooled at 4 °C Penicillium spp

Cladosporium spp

The moulds  identified on preserved cheeses  belong to the genus  Absidia, Alternaria, Mucor, Penicillium,

Cladosporium and Fusarium with a s trong presen c e  o f P e nicillium which appeared on all preserved cheese.
These results  were almos t s imilar to thos e  o f Adegoke et al. (1992) who detected Aspergillus and Mucor spp

in the cheese W ara, and of Uzeh et al. (2006) who isolated the cheese moulds : Aspergillus niger, Penicillium

chrysogenum, Rhizopus spp, Fusarium moniliforme, Trichoderma reesii, and Aspergillus fumigatusn, from the
W ara. According to several researchers  (Bullerman et Olivigni, 1974; Jarvis , 1983), who a lso isolated from
cheese moulds  belonging to the genus  Fusarium and Alternaria, Penicillium are the moulds  which cause more
these contaminations .

The cold prevents  the development of Aspergillus, and particularly, A. flavus and A. parasiticus, which
produc e aflatoxins , (Bullerman, 1981). Therefore, it is  beneficial to keep the cheese in colder temperatures  as
much as  poss ible.

Levels of Aflatoxins in Cheese:

The level of aflatoxins  in loc a l c h e e s e s  was  determined by the semi-quantitative determination of total

1 2 1 2 1aflatoxins .  Five types  of aflatoxins  (B , B , G , G  and M ) are regarded as  b e ing natural contaminants  of food
(Moss , 2002). All the analyzed samples  appeared negative. The local che e s e s  ma rke t e d  in Benin The cold
prevents  the development of Aspergillus , and particularly, A. flavus  and A. paras iticus , which produce
aflatoxins , (Bullerma n , 1981). T h e refore, it is  beneficial to keep the cheese in colder temperatures  as  much as
poss ible. aflatoxins  content s  lower than the limit of detection of 4 ppb. However, quantitative determination of

1 1aflatoxin M  and aflatoxin B  us ing HPLC or LC/MS should be done to es timate the  p re c ise level of aflatoxins
in local cheese produced in Benin.
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Conclusion:

This  work underlined the risk of contamina t io n  o f lo cal cheese by the moulds . Overall, variability among
the local cheese marketed in Benin regarding both the  microbiological and the phys icochemical profiles  was
observed.  All  the  analyzed  samples  presented contents  of t o t a l a fla t o xin lower than the limit of detection
(4 ppb). Certainly, a greater promotion of hygiene is  necessary in order to change the practices  of handling, and
is  essential to improve the quality of cheese. The same phys icochemical characteris tics  will be o b t a ined by
increas ing the research carried out and thus , the knowledge relating to the process  of production, giving uniform
and satis fa c t o ry  results . Finally, a sys tematic control of the food chain, from the animal feed to the produced
cheese, would cons iderably reduce the risk of contamination.  
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