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Abstract
The cattle herd of Benin includes several genotypes including Borgou and Azawak breeds. The study aimed to evaluate physicochemical characteristics and
sensory attributes of artisanal cheeses processed with milks of Borgou and Azawak cow breeds reared on natural pasture at the breeding farm Okpara. So, 10
liters of fresh milk from each cow breed were collected for the production of
cheese using artisanal cheese processing technology of Benin. Then, cheeses of
both genetic types of cow milks were sampled for physic-chemical and sensory
analyses. It appears that the luminance cheeses from Borgou cows is lower than
that of Azawak cheeses (86.4 vs 89.2; P <0.01). However, the values of red index, pH, titratable acidity (° D) and texture (N) of the cheeses of the both genetic
types were similar with the respective values of -1.9, 6.48; 0.14 and 7.2 for Borgou breed and -1.85; 6.52; 0.13 and 6.8 for Azawak breed (P> 0.05). However,
the yellow index (b*) is 13.89 for Borgou cheeses to 12.6 for Azawak cheeses (P
<0.05). The hue (H*) of cheese processed from Borgou cow milk was more important than the value recorded for Azawak cheese (-0.36 vs -2.75) while the
higher chroma (C*) value was obtained in cheese processed from Azawak cow
milk (14.04 vs 12.74). Nutritionally, the dry matter content (38.5% vs 36.69%; P
<0.001), fat content (6.9% vs 4.65%; P <0.001) and protein content (8, 89% vs.
8.28%; P <0.05) of Borgou cheeses were higher than those of Azawak cheeses.
The ash content was 1.41 for Borgou cheeses to 2.3 for Azawak cheeses (P
<0.001). Organoleptic evaluation of both genetic type cows’ cheeses showed that
Borgou cheese had recorded the better scores for taste, texture, and overall acceptability. Traditional cheese processing technology may be promoted for food
security in Benin.
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1. Introduction
The demand for dairy products in sub-Saharan Africa continues to increase with the overall growth rate in the consumption of milk and milk products including cheese, butter, being estimated at about 2.1% per annum [1, 2]. The
growth in demand results from rapidly rising populations, urbanisation and some increase in per capita income. This
increasing demand for milk and dairy products affords great opportunity and potential for the small holder milk producer and for the development of the milk production and processing industry.
In Republic of Benin, livestock sector includes 2,166,000 cattle, 1,716,000 goats; 860,000 sheep, 414,000 pigs and
181,980 poultry and represents 16.67% of agricultural GDP in 2013 [3]. The contribution of this livestock to food production in Benin is estimated at 23,431,000 tons of meat and offal; 12,522 tons of eggs and above all 107,310 tons of
milk per year [3]. The milk production is supplied exclusively by indigenous cows breeds raised under traditional and
semi-improved systems. It ensures a milk availability of 11.3 liters per year per capita for households. This milk availability remains below the minimum milk coverage standards of 62 liters recommended by FAO for developing countries.
The main cattle breeds involved in the local milk production include zebus cattle (Yakanan, Goudali, M'Bororo and
Djeli), and bull (N'Dama, Borgou, Somba and Lagunaire breeds). A large part of the cattle milk produced locally is used
as raw materials in the artisanal cheese “Wagashi” processing.
The artisanal cheese wagashi of Benin is the result of a centennial Peuhl tradition passed down through the generations as a way to preserve the milk production of bovine bred on natural pasture in rural farms in the North of Benin. It
is a great source of income and work for the considerable number of cattle producers in Benin. This artisanal cheese is a
handmade product exclusively made with bovine milk. Cheese is a viscoelastic milk product formed by a net of casein
with a dispersion of fat globules and water [4]. Several artisanal cheese production processes using vegetable extract or
liquid rennet are documented [5, 6, 7, 8]. The Wagashi cheese processing technology in Benin is characterized by several stages: milk reception and filtering, temperature control, heating, coagulation by vegetable (Calotropis procera)
leaves extract addition, cheese curd collection and molding, whey draining [5]. The use of Calotropis procera leaves
extract as coagulant or rennet in artisanal cheese processing is reported by several authors [7, 8]. The obtained wagashi
cheese is presented as circular mid-size product of the following dimensions: 10-15 cm (diameter) and 3-5 cm (height),
approximately.
Several studies have been carried out on the production of milk by dietary supplement [9] or on lactogen plants [10]
and the preservation of milk with essential oils [11]. Nevertheless, there is a lack of scientific data on the technological
and nutritional properties of artisanal cheeses “Wagashi” processed from the different local breeds of cows milk in Benin. The aim of the work is to evaluate physicochemical characteristics, sensory attributes, texture and color parameters
of artisanal cheese produced with milk of different local cow breeds (Borgou and Azawak).

2. Materials and methods
2.1. Description of the study area
The study was carried out sequentially at the Okpara livestock farm, the Faculty of Agonomy of the University of
Parakou and the Laboratory “Quality and Safety of Agro-Food Products” of Gembloux Agro-Bio Tech, University of
Liège in Belgium, from 1 May 2017 to 30 September 2020. The Opkara Livestock Farm is located in the Department
Borgou, in the district of Tchaourou and in the village Kika (2º39-2°53 East Longitude and 9°6-9°21, North Latitude).
The climate is of Sudanese type with an alternation of a rainy season (May to October) and a dry season (November to
April). The annual average rainfall is of 1,125 mm recorded from 1994 to 2008 and the average annual temperature varies between 26°C and 27°C.

2.2. Cheese processing, sampling and data collection
2.2.1. Production of cheeses from Borgou and Azawak cow milks
The raw milk was collected from fresh whole cow milk through hand milking from Borgou and Azawak cows reared
on natural pasture in Okpara livestock farm, Benin. The production of cheese from Borgou and Azawak cow’s Milk
was made according to the artisanal cheese processing technology described by [5]. Ten liters of raw milk from each
genetic type of cows at the third lactation rank were sampled under the same conditions at the end of milking on the
same day. The samples of milk of each genetic type, cleaned from impurities, were heated at 70°C for about 10 minutes.
DOI: 10.26855/ijfsa.2021.09.025
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Meanwhile, for each liter of milk processed, 2 of Callotropis Procera were crushed and the obtained extracts were used
as a coagulant and were added before boiling. No rennet or starters were used and coagulation had taken about 30 minutes. Subsequently, coagulum was ladled into basket strainers to drain. The obtained curds from each genetic type
were taken out of the basket without pressing or cutting and were used for the analyses.
2.2.2. Evaluation of pH and titratable acidity of cheeses
The pH and titratable acidity of the cheeses were determined on each sample according to the adapted method of the
reference [12]. A calibrated pH-meter (HANNA) was used to measure the pH in an aqueous suspension made of 10 g of
cheese sample and 20 mL of distilled water. This suspension was then diluted with 70 mL of distilled water for determination titratable acidity by dose-titration with NaOH 0.05N. The acidity was estimated by the determination of the
percentage of lactic acid.
2.2.3. Color (CIE, L* a* b*) and texture analyses
Color parameters were evaluated using a CR400 colorimeter, according to definitions proposed by the Commission
Internationale de l’Éclairage [4, 13]. The value L* or luminosity indicates the product brightness or darkness and varies
from 0 (black) to 100 (white). The value of a* (chromaticity coordinate) represents an indicator of green (-) and red (+).
The value of b* is an indicator of blue (-) and yellow (+). The hue values were calculated using a* and b* values according to the following formula: hue = tan -1(b*/a*). Chroma (C*) represents the color saturation. Chroma value was
calculated according to the following formula: C* = (a*2 + b*2)1/2. The measurements were performed in duplicate, with
the calibrated equipment, using 10 samples of each genetic type of cheese.
The texture analysis was evaluated using TA.XT Plus Texture analyzer (Lloyd Instrument), equipped with a cell
charge of 25 kg. Cylindrical uniform and homogeneous samples, with diameters and heights equal to 20 mm, were removed from random points in the cheese samples. The sampled cheeses were kept at room temperature (21 °C) by genetic type. The texture value in Newton was obtained by a double compression test of the cheese cylinder, using a cylindrical compression probe of 75 mm diameter at a constant speed of 2.0 mm s-1. Ten independent replicates were produced for each type of cheese.
2.2.4. Nutrient composition evaluation
Overall, nutrient composition assessment was performed according to the standard procedures recommended by [14].
The moisture content was determined gravimetrically according to standard NF V 04-401 of April 2001 by kiln drying
at 105°C until constant weight. The total mineral content was assessed by calcination in muffle furnace according to the
standard NF V 04-2018 of October 1989 [4]. The cheese fat content was determined by the Mojonnier’s method [4].
Determination of fat content in dry matter was made indirectly, by calculating the ratio between the fat content and the
total solid content of the cheese. The total protein content was estimated by the Kjeldal method by using the standard
NF V04-211 of December 1971. The factor used in conversion from nitrogen to total protein was 6.38. Analyses were
performed in triplicates.
2.2.5. Organoleptic evaluation
Organoleptic evaluation of the samples of cheese was evaluated for sensory characteristics using 9 points’ hedonic
scale (9-Like Extremely, 8-Like Very Much, 7-Like Moderately, 6-Like Slightly, 5-Neither Like nor Dislike, 4-Dislike
Slightly, 3-Dislike Moderately, 2-Dislike Very Much, 1-Dislike Extremely) and sensory score card [15]. Sensory evaluation was done by expert panel consisting of 20 members. The sensory attributes evaluated were: Taste, color, flavor,
texture and overall acceptability

2.3. Statistical analyses
The data collected were submitted to analysis of variance (One Way-ANOVA) with SAS software [16]. The t-test
was used to compare the means of the different cheese quality parameters recorded for the both genetic types. All analyses used a significance level of 5% (P ˂ 0.05).

3. Results
3.1. Effect of the breed on the technological parameters of the cheeses
Table 1 shows the effect of the breed on the technological parameters of the cheeses. It appears that the luminance of
cheese processed Borgou cow milk is significantly lower than that of cheeses processed from Azawak cow milk (86.4
vs 89.2; P0.01). However, the red index of cheese from milk of the both genetic types of cows is similar and ranges
from -1.9 to -1.85. Furthermore, the higher yellow index is found in cheeses of Borgou cows (13.89 vs 12.6; P˂0.05).
The pH, titrable acidity (°D) and instrumental texture (N) values were also similar with the respective average values
of 6.48; 0.14 and 7.2N for cheeses of Borgou cows breed and 6.52; 0.13 and 6.8 for cheeses of Azawak cows breed
(P>0.05).
DOI: 10.26855/ijfsa.2021.09.025
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Figure 1 presents the Hue and Chroma values for both genetic types of cheeses. It comes out from this figure that the
hue value of cheese processed from Borgou cow milk was more important than the value recorded for Azawak cheese
while the higher chroma value was obtained in cheese processed from Azawak cow milk. Hue indicates the color while
Chroma (C*) represents the color saturation.
Table 1. Variation of technological parameters of cheeses according to the cow breed
Cheese processed from Borgou cow
milk

Variables

Cheese processed from Azawak cow
milk

Effect of cow
breed

Mean

Standard Error

Mean

Standard Error

Luminance (L*)

86.4

0.93

89.2

0.62

**

Red Index (a*)

-1.85

0.045

-1.9

0.32

NS

Yellow Index (b*)

13.89

0.51

12.6

0.42

*

pH

6.48

0.04

6.52

0.01

NS

Titratable Acidity (°D)

0.13

0.002

0.14

0.002

NS

Texture (N)

7.2

0.35

6.8

0.48

NS

NS: Non Significatif; *: P<0.05 ; **: P<0.01.

Figure 1. Hue and Chroma values of cheeses processed from Borgou and Azawak cow milks.

3.2. Nutritional quality of cheeses made from Borgou and Azawak cow’s milk
Table 2 presents the variation of macronutrients contents of the cheeses processed from Borgou and Azawak cow’s
milk. It appears that the dry matter content of cheeses processed from Borgou cow milk is significantly higher than that
of Azawak breed (38.5% versus 36.69%; P˂0.001). Similarly, the fat content of cheeses processed from Borgou cow
milk is 6.9% to 4.65% for cheeses Azawak P˂0.001). Furtheremore, cheeses processed from Borgou cow milk are also
richer in protein than those from Azawak cow’s milk (8.89% vs 8.28%; P˂0.05). On the other hand, the total mineral
content is 1.41% for cheeses processed from Borgou cow milk to 2.3% for cheese processed from Azawak cow milk.
Table 2. Variation of macronutrients contents of cheese according to the local cows breed
Variables

Cheese processed from Borgou
cow milk
Mean

Cheese processed from Azawak cow
milk

Standard Error

Mean

Standard Error

Effect of cow
breed

Dry matter (g/100g)

38.5

0.65

36.69

0.78

***

Fat (g/100g)

6.9

0.46

4.65

0.22

***

Protein (g/100g)

8.89

0.21

8.28

0.32

*

Ash (g/100g)

1.41

0.2

2.3

0.06

***

*: P<0.05; ***: P<0.001.
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3.3. Sensory attributes cheeses made from milk of Borgou and Azawak cows breeds
Figure 2 showed that there was a difference in the sensory attributes of wagashi cheeses processed from Borgou and
Azawak bovine breeds milks. The sensory attributes measured are appearance, taste, flavor, color, texture and overall
acceptability. According to Figure 2, there was a difference in the appearance of cheese with the higher value found in
Azawak cheese. Appearance of a food product like cheese includes all its visible attributes and is the main consumer’s
only consideration when evaluating a food product. Taste is the primary factor which determines the acceptability of
any food product. In the current study, the cheese processed from Borgou cow milk had recorded the best taste score.
Flavor is the sensory impression of a food, and is determined by mainly by the senses of taste and smell. According
to Figure 2, there was a difference in the flavor score of cheese with the highest value found in Azawak cheese. An attractive color leads to the good demand for the food product in the market. In our study, the color acceptability score of
the cheese Azawak was of 7.5 to 7 for the cheese Borgou.
Texture is defined as the property of a food that is sensed in touch in the mouth and with the hands. The cheese of
Borgou cow’s breed had the highest mean value. Overall acceptability is an important parameter in sensory evaluation.
Organoleptic evaluation of both genetic type cows’ cheeses showed that Borgou cheese had recorded the better score
for Overall acceptability (Figure 2). The study established that the genotype of cow can affect the sensory quality of
cheese.

Figure 2. Mean scores of sensory acceptability test of artisanal “Wagashi” cheese processed from Borgou and Azawak cow
milks.

4. Discussion
4.1. Effects of cow breed on the technological quality of cheese
The present study shows that cheeses processed from Borgou cow milk are darker with the higher yellow index than
those processed from Azawak cow milk. This variability of the trichromatic color (CIE, Lab) of the cheeses may be
related to the genetic variability of the physico-chemical composition of the milk of the cows involved in the study.
Indeed, the work of [17] on cheese and butter processing aptitudes and nutritional values of local cow’s milk reared on
natural pasture revealed that significant differences exist in the physicochemical traits and nutrient composition of indigenous cow’s milk according to genetic type. Indeed, according to these authors, Borgou cow milk had recorded the
highest fat content ant the lower protein concentration compared to Azawak breed milk [17]. The pH and titratable
acidity recorded herein are in accordance with the ranges of the values reported by [5] for pH, and titratable acidity for
cheese but lower than the values reported by [6, 18].
The slight difference found in the texture of cheese could be due to the genetic variants in the physico-chemical
composition of the samples of milk involved in the study for cheese processing. According to [19], the texture of milk
curd is genetically correlated with protein and casein contents of bovine milk. Furthermore, [19] indicated that the fat
content of ewe’s milk was positively associated with cheese firmness.
The difference found for the texture of cheese may be due to the difference in their fat content. When there is a reduction of cheese fat content, the microstructure of the protein net is changed. The hardness and elasticity of cheese
increase, while adhesiveness and cohesiveness decrease with the reduction of fat content [20]. On the other hand,
DOI: 10.26855/ijfsa.2021.09.025
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cheeses with high fat content are characterized by attributes such as more softness, cohesiveness and good flavor.

4.2. Effects of cow breed on the macronutrients contents of cheese
Nutrients contents of “wagashi” cheese are some relevant variables which are influenced by different factors such as
milk quality and cheese-making methods and raw materials [21, 22, 23, 24]. Our results showed that there was a significant difference in the macronutrients contents of cheeses processed from Borgou and Azawak cow milks. Indeed, the
higher contents in dry matter, protein and fat were found in Borgou cheese while the most important ash content was
observed in Azawak breed. In our study, “Wagashi” cheese processing technology, cow rearing system, milking period,
cow calving rank, and season of the milking are the same. Therefore, the observed differences may be due to the genetic
type of the cows involved in the study. This observed effect of cow breed on cheese quality was also reported by [25],
[26], [27] and [22]. According to the literature, different factors can produce difference in the physic-chemical composition of cheese, including those related to the cow genetic diversity, milk composition and quality, season, microbial
count and diversity, and cheese processing technology [28, 29, 30, 31]. The higher moisture in cheese processed from
Azawak cow milk may be explained by the lower content of fat present in Azawak cow milk. This result is according to
reports by [21] that also reported in their studies an increase in the moisture as the fat rate was reduced.

4.3. Effects of cow breed on the sensory attributes of cheese
The scores recorded for sensory acceptance for the artisanal cheeses tested herein are better than the scores reported
by [33] for fresh cheese from raw cow milk. Moreover, from literature, goat and sheep cheese are not preferred by large
part of population which do not appreciate a strong goaty or sheepy aroma, even though they are not very familiar with
these aromas [33]. In the same way, [34] have compared the acceptance of fermented milk of cow and goat. Their results have indicated that fermented cow’s milk had been well accepted compared to fermented goat’s milk. Cheese is a
visco-elastic material formed by a net of casein where dispersed globules of fat and water determine its texture [35].
The texture is identified by consumers as one of the most important attributes of cheese quality [36] and the most important sensorial characteristics, because it allows the consumer to identify specific varieties and their qualities, even
before evaluating the flavor [37].The cheese texture is influenced by several factors, one of the most relevant factors
being the raw-material composition [37] and changes on these parameters are caused by contents of protein, water, pH
and fat, in this order [38]. Furthermore, color parameters acting as a differential in characterization of different types of
cheese [39, 40, 4, 41].
Overall, the development of a milk values chains in Benin, taking into account the intrinsic value of cheese made
from indigenous cattle breed milk, could be an important opportunity for food security and cattle genetic resources
conservation [42].

5. Conclusion
From this study, it appears that the quality of “wagashi” cheese depends on the genetic type of the dairy cow. Cheese
processed from Borgou cow milk is more yellow, less white, and firmer than cheese made from Azawak cow milk.
Furthermore, cheese processed from Borgou cow milk is richer dry matter, protein and fat, but poorer in minerals, than
cheese made from Azawak cow milk. The development of an indigenous cattle breed milk values chains could be an
important opportunity for food security in Benin.
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