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breeds of Benin (Borgou, N’'Dama, Azawak, and Lagunaire breeds). A total of
10 L of milk per cow breed reared on natural pasture were analysed for rennet
coagulation time, curd firmness, and butter-making potential using forma-
graph and AOAC methods. Data were processed with SAS software. Breed
significantly affected (P < 0.001) milk coagulation behavior and related phys-
icochemical traits. Borgou milk showed the shortest coagulation time (1.72
min), followed by N°'Dama (2.25 min), Azawak (3.2 min), and Lagunaire (5.4
min), indicating faster coagulation and better cheesemaking aptitude in Bor-
gou. Curd firming time (K20) differed (P < 0.05), with Borgou and Lagunaire
firming faster than Azawak and N’Dama. Titratable acidity was slightly lower
in Borgou (P < 0.05), while pH was higher in Azawak milk (P < 0.001). Breed
also significantly influenced cheese- and butter-making potentials. Raw curd
yield was highest in Borgou (0.36%), followed by Lagunaire (0.32%), N’Dama
(0.30%), and Azawak (0.24%) (P < 0.001). Dry curd yield was higher in Bor-
gou, N'Dama, and Lagunaire (59.73%, 59.2%, 59.4%) than in Azawak (47.65%)
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(P < 0.001). Ash content differed (P < 0.05), being higher in Azawak (0.8%)
and Lagunaire (0.78%) than in Borgou and N’Dama (0.70%). Fat content var-
ied significantly (P < 0.001), with Borgou (3.49%) and N’Dama (3.38%) richer
than Azawak (2.74%) and Lagunaire (2.18%). Whey dry matter ranged from
11.2% (Azawak) to 13.08% (Lagunaire) (P < 0.001). Milk dry matter also var-
ied (P < 0.001): Lagunaire (8.4%) and Borgou (7.6%) were richer than Azawak
(7.73%) and N’Dama (6.51%). Protein content differed markedly (P < 0.001),
being highest in Lagunaire (4.11%) and Azawak (3.66%), moderate in N'Dama
(3.34%), and lowest in Borgou (3.15%). Overall, these results demonstrate that
breed affects milk coagulation properties, acidity, pH, and composition. Bor-
gou milk shows the best technological potential for cheese and butter produc-
tion, followed by N’'Dama and Lagunaire, while Azawak milk though richer in
protein has lower curd yields and less favorable processing characteristics.
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Indigenous Cow Milk, Rennet Coagulation Time, Curd Firmness, Cheese
Yield, Butter-Making Potential, Macronutrients, Benin

1. Introduction

Milk plays a vital role in global food security, nutrition, and technological inno-
vation by providing essential nutrients, supporting rural livelihoods, and driving
progress in agricultural and food-processing systems [1]. It is a primary source of
high-quality proteins, calcium, and vitamins that contribute significantly to the
prevention of malnutrition and the promotion of human health, particularly among
vulnerable populations [1] [2]. Advances in dairy technology have further enhanced
production efficiency, product safety, and the development of diversified dairy
products, thereby meeting increasing global demand while addressing sustaina-
bility challenges [2] [3]. The composition of milk, particularly its protein fractions
and fat content, together with genetic and environmental influences, exerts a strong
effect on its technological performance, notably in cheese and butter manufacture
[3]-[5]. Milk coagulation properties, which include rennet coagulation time, curd
firming rate, and curd firmness, are critical indicators of milk suitability for cheese
production [6] [7]. Variations in these properties are influenced by multiple fac-
tors, such as breed, feeding systems, and environmental conditions [8]. Studies
across various regions have demonstrated that breed-specific differences signifi-
cantly affect milk’s coagulation behavior, curd firmness, and overall cheese-mak-
ing efficiency [9]-[12]. Similarly, differences in fatty acid composition and physi-
cal properties of milk are known to influence butter yield and quality [13] [14].
In Benin, the dairy sub-sector plays a vital role in the national economy, con-
tributing significantly to income generation, employment, rural livelihoods, and
food and nutrition security [15]. Indigenous cattle breeds represent key elements

of the country’s cultural heritage, being deeply rooted in traditional practices and
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social life, especially within rural communities of northern Benin. Their value also
lies in sustaining ancestral customs and supporting the production of distinctive
local foods such as the artisanal cheese Wagashi. Local dairy production in Benin
predominantly relies on these native breeds [15] [16]. Milk from these animals is
generally pooled and traditionally processed into Wagashi cheese without prior
assessment of its technological suitability for cheese or butter production [16]
[17]. Despite the cultural and economic importance of Wagashi in northern Be-
nin, scientific information on the composition, coagulation behavior, and butter-
making potential of milk from indigenous breeds remains scarce [18]-[20]. The
local dairy systems are mainly based on natural grazing, with breeds such as Bor-
gou, Azawak, N’Dama, and Lagunaire raised under comparable extensive man-
agement conditions [16] [21]. A better understanding of the technological char-
acteristics and processing potential of milk from these breeds is essential to opti-
mize traditional dairy processing, enhance Wagashi cheese and butter yields and
quality, and promote the sustainable valorization of local genetic resources.
Therefore, this study aimed to assess the cheese and butter-making abilities, as
well as the proximate composition of milk from four indigenous breeds (Borgou,

Azawak, N’Dama, and Lagunaire) reared on natural pastures in Benin.

2. Material and Methods
2.1. Study Area

The study was conducted jointly at the university of Parakou and the Laboratory
“Quality and Safety of Agro-Food Products” of Gembloux Agro-Bio Tech, Uni-
versity of Liége in Belgium, from May 1, 2017, to September 30, 2023. The milk
from Borgou and Azawak cow breeds was sampled at Okpara Livestock Farm,
located in Kika District (2°39' - 2°53'E longitude and 9°6' - 9°21'N latitude) of the
Commune of Tchaourou, Borgou Department [22]. The milk from Lagunaire cow
breed was sampled from the Lagunaire herds kept on natural pasture in the mu-
nipality of Savalou (Samiondji) in Benin. The Milk from N'Dama cow was col-

lected from the herd reared on natural pasture in the Municipality of Djougou.

2.2. Milk Sampling and Data Collection

Data on the technological and nutritional properties of milk were collected from
10 liters of fresh milk obtained from 10 cows of each breed reared under identical
conditions on natural pasture at the Okpara Livestock Farm. All cows were reared
under natural pasture feeding. Each 1-liter sample was immediately chilled and
transported to the laboratory, where it was individually analyzed for technological
and nutritional properties without pooling.

The technical equipment included a thermometer, micropipettes, standard
dairy glassware, standard laboratory glassware, a CRM (Computer Renneting Me-
ter) for determining milk coagulation properties, a centrifuge, plastic bottles of

500 ml, 50 ml, and 10 ml, an analytical balance, a vortex mixer, a desiccator, a
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water bath, titration devices, a Congo Red dye bottle, a Berthelot 530 rennet bottle,
a thermometer, two sachets of concentrated lyophilized lactic starter cultures
(DANISCO), 15 burettes, 12 beakers, a pack of pipettes, Kjeldahl glassware, a
Kjeldahl apparatus, Kjeldahl catalyst tablets, a digester, a distiller, an acid-base
titration setup, a phenolphthalein bottle, sulfuric acid, sodium hydroxide, distilled
water, and Mojonnier fat-extraction flasks as specified in ISO 3889 [23] and de-
scribed by [16].

Methodologically, the data collected included: milk coagulation time, curd
firming time, titratable acidity, pH (hydrogen potential), fresh cheese yield, dry
cheese yield, dry matter content of milk, dry matter content of whey, protein con-
tent, fat content, total mineral (ash) content, and potassium dichromate con-
tent.

Technologically, milk sample pH was measured using a pH meter previously
calibrated with buffer solutions at pH 7 and 4 (50 ml in a small beaker). The
characteristics of milk coagulation (MCP) are commonly described using param-
eters such as rennet coagulation time (RCT), the time required to reach a curd firm-
ness of 20 mm (k20), and the curd firmness measured 30 minutes after the addi-
tion of the coagulant (a30) [6]. These parameters (r and k20) were measured in
the current study by using computerized renneting meters (Formagraph) as de-
scribed by [23]. Laboratory cheese yield (fresh and dry) was determined by meas-
uring the quantity of curd obtained after adding rennet to the milk. The potassium
dichromate content was determined according to the French standard NF V 04-
209 (October 1989), “Determination of the potassium dichromate content of milk:
Reference method”.

As for nutritional quality and butter-making potential of milk, dry matter, ash,
fat, and protein contents were determined following the standardized procedures
recommended by AOAC [24]. Moisture content was determined gravimetrically
in accordance with NF V 04-401 (April 2001). Each measurement was performed
in triplicate per sample and per breed. Fat content was determined according to
NF V 04-214 [25] [26] (December 1985; ISO 1211: 1995), with two replicates per
sample and per breed. Total ash content was determined according to NF V 04-
208 (October 1989). Protein content was determined according to NF V 04-211
(December 1971), “Determination of total nitrogen content of milk (Kjeldahl
method).” The potassium dichromate content was determined following NF V 04-
209 (October 1989).

2.3. Statistical Analysis

The data collected in the field were coded and entered into a database designed
using Excel software and analyzed with SAS software [27]. The PROC GLM pro-
cedure of SAS was used for the analysis of variance. The F-test was applied to
determine the significance of the breed effect. The Student T-Test was performed

for mean comparison.
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3. Results

3.1. Effect of Breed on the Rennet Coagulation Time, Curd Firmness
and pH of Milk

The effect of cow breed on the technological quality of milk is given in Table 1.
The results indicate that breed has a significant effect on all measured parameters.
Borgou milk exhibited the shortest coagulation time at 1.72 minutes, followed by
N’Dama at 2.25 minutes, Azawak at 3.2 minutes, and Lagunaire at 5.4 minutes,
demonstrating that Borgou milk coagulates more rapidly, which is advantageous
for cheese production (P < 0.001). Curd firming time, as measured by K20, also
varied significantly among breeds, with Borgou and Lagunaire showing faster
curd firming than Azawak and N’Dama, suggesting that breed influences the rate
at which milk solidifies after coagulation begins (P < 0.05). Titratable acidity was
slightly lower in Borgou milk compared to the other breeds, indicating a slower
acidification process (P < 0.05), while pH values differed as well, with Azawak milk
having a higher pH than the other breeds (P < 0.001). Overall, these results high-
light that Borgou milk possesses favorable technological properties for dairy pro-
cessing, whereas Azawak and Lagunaire milk exhibit characteristics that may in-
fluence curd formation differently. The findings confirm that breed plays a critical
role in determining the coagulation behavior, acidity, and pH of milk, which are

key factors for cheese-making and other dairy applications.

Table 1. Effect of breed on the technological quality of milk.

Borgou Azawak N’Dama Lagunaire Breed effect
Variables
Mean SE  Mean SE Mean SE  Mean SE (P-value)
R (min) 1.72 a 0.13 32b 0.12 2.25c¢ 0.2 54d 0.0.08 bl
K20 (min) 4.72a 0.17 56b 0.2 5.17ab  0.22 4.39c¢c 0.14 *
Titratable acidity ("D) 0.22a 0.002 0.24b 0.002 0.24b 0.001 0.24b 0.0001 *
PH 64la 0.003 6.55b 0.002 6.43a 0.03 6.45a 0.01 et

SE: Standard error; *: P < 0.05; ***: P < 0.001.

3.2. Variability of Parameters of Cheese and Butter Making
Abilities of Milk of Four Indigenous Cow Breeds of Benin

The effect of cow breed on the technological quality of milk is given in Table 2.
The data on the chemical and technological composition of milk show that breed
has a significant influence on most parameters. Raw curd yield was highest in Bor-
gou milk at 0.36%, followed by Lagunaire at 0.32%, N’Dama at 0.30%, and lowest
in Azawak at 0.24% (P < 0.001), indicating that breed affects the amount of curd
obtained immediately after coagulation. Similarly, dry curd yield was significantly
higher in Borgou, N’Dama, and Lagunaire (59.73%, 59.2%, and 59.4%, respec-
tively) compared to Azawak (47.65%) (P < 0.001), suggesting that milk from these

breeds is more efficient for cheese production. Ash content varied with breed, be-
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ing higher in Azawak and Lagunaire (0.8% and 0.78%) than in Borgou and N'Dama
(0.70%), showing a significant effect of breed on mineral content (P < 0.05). Po-
tassium dichromate content did not differ significantly among breeds (P > 0.05),
indicating that this parameter is not breed-dependent. Fat content was highest in
Borgou (3.49%) and N’Dama (3.38%), lower in Azawak (2.74%), and lowest in
Lagunaire (2.18%) (P < 0.001), reflecting substantial breed variation in milk rich-
ness. Whey dry matter content differed significantly among breeds, being lowest
in Azawak (11.2%) and highest in Lagunaire (13.08%) (P < 0.001), while milk dry
matter content was highest in Lagunaire (8.4%) and Borgou (7.6%), moderate in
Azawak (7.73%), and lowest in N’Dama (6.51%) (P < 0.001). Protein content also
varied significantly, with the highest levels in Lagunaire (4.11%) and Azawak
(3.66%), moderate in N°Dama (3.34%), and lowest in Borgou (3.15%) (P < 0.001).
Overall, these results indicate that breed plays a critical role in determining milk
composition and cheese-making potential, with Borgou, N'Dama, and Lagunaire
generally exhibiting more favorable technological and compositional characteris-

tics compared to Azawak.

Table 2. Variability of parameters of cheese and butter making abilities of milk by breed.

Borgou Azawak N’Dama Lagunaire  Breed effect
Variables
Mean SE Mean SE Mean SE Mean SE  (P-value)
Raw curd yield (%) 0.36a  0.001 0.24b 0.002 0.3 ab 0.004 0.32a 0.01 bl
Dry curd yield (%) 59.73a 0.07 47.65b 0.13 59.2a 016  594a 03 ok
Ash content (%) 0.70a  0.003 0.8b 0.0004 0.7a 0.003 0.78b 0.01 *

Potassium Dichromate
content (%)

Fat content (%)

Whey dry matter
content (%)

Milk dry matter
content (%)

Protein content (%)

0.0033  0.0003 0.0018  0.0002 0.003 0.002 0.004 0.0001 NS

349a 0.08 2.74b 0.06 3.38a 0.17 2.18c 0.22 i
11.59a  0.04 11.2b 0.02 11.75a  0.17 13.08c 0.22 el

76a 0.11 773 a 0.02 6.51Db 0.06 84c 0.06 il
3.15a 0.02 3.66 b 0.04 3.34b 0.06 411c 0.14 bl

NS: P > 0.05; *: P < 0.05; ***: P < 0.001.

3.3. Correlation between Physicochemical and Technological
Parameters of Borgou and Azawak Cow Milk

Table 3 presents the correlations between the parameters of cheese-making, but-
ter-making, and technological properties of milk from Borgou cows (below the
diagonal) and Azawak cows (above the diagonal).

In Borgou cows, the milk coagulation time was positively and strongly corre-
lated with the curd firming time, titratable acidity, milk pH, and total nitrogen
content (0.80 < r £ 0.96; P < 0.001), indicating that samples that coagulate more

slowly tend to have higher acidity and protein content. However, coagulation time
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was negatively and weakly associated with fat content, whey dry matter, and fresh
curd yield (-0.67 < r < —0.52; P < 0.05). Conversely, the curd firming time was
positively and weakly correlated with titratable acidity, pH, and total nitrogen
content (0.63 < r £ 0.69; P < 0.05), but negatively and weakly correlated with fat
content (r = -0.47; P < 0.05).

Similarly, titratable acidity showed positive and weak correlations with milk pH
and total nitrogen content (r = 0.50; 0.70; P < 0.05). In addition, total ash content
was positively and strongly associated with milk dry matter (r = 0.92; P < 0.001)
and weakly but positively correlated with potassium dichromate content (r = 0.61;
P < 0.05). The potassium dichromate content was also weakly and positively cor-
related with milk dry matter (r = 0.69; P < 0.05).

The fat content was positively and strongly correlated with milk dry matter,
fresh curd yield, and dry curd yield (0.84 < r < 0.89; P < 0.001), but negatively and
strongly correlated with pH and total nitrogen content (r = —0.84; —-0.76; P <
0.001). Similarly, the whey dry matter was positively and strongly correlated with
fresh and dry curd yields (r = 0.79; 0.74; P < 0.001), but negatively and strongly
correlated with pH and total nitrogen content (r = —0.77; —0.75; P < 0.001).

Moreover, pH was positively and strongly associated with total nitrogen con-
tent (r = 0.95; P < 0.001), but negatively and strongly correlated with fresh curd
yield (r = —0.76; P < 0.001) and weakly with dry curd yield (r = —0.68; P < 0.05).
In turn, the total nitrogen content was negatively and strongly correlated with
fresh and dry curd yields (r = —0.83; —0.77; P < 0.001). Furthermore, the fresh curd
yield was positively and very strongly correlated with the dry curd yield (r = 0.99;
P < 0.001), confirming the consistency between these two cheese yield indicators.

In Azawak cows, the milk coagulation time was positively and strongly corre-
lated with curd firming time, total ash, titratable acidity, pH, and total nitrogen
content (0.65 < r <0.85; P <0.001), indicating that longer coagulation is associated
with higher acidity, protein, and mineral content. Conversely, it was negatively
and strongly associated with fat content (r = —0.63; P < 0.001), and negatively and
weakly related to fresh and dry curd yields (r = —0.69; P < 0.05). Additionally, the
potassium dichromate content was weakly and positively correlated with whey
dry matter, fresh curd yield, and dry curd yield (0.43 < r < 0.44; P < 0.05).

Table 3. Correlation between physicochemical and technological parameters of Borgou and Azawak cow milk.

Variable R K20

AT Ash PDC FAT WDM MDM PH CP FCY DCY

R 1 0.85%*
K20  0.8¢** 1
AT 0.78%* 0.64*

* 071096 0.65%7F 0.278 —0.63%%* —0.55% —0.16™° 0.86*** 0.667** —0.69* —0.69*
0.24%  —0.25% —0.15% 0.07N  —-0.21% 0.068 0.33N —0.05N5 -0.28N -0.26N
1 0.26M  0.32NS  0.12M  0.55% —0.11 —0.53* 0.22N  —0.05N  0.08N¢

Ash  -0.27N8 —0.18% 0.11N§ 1 0.43* —0.8300F 0.910%* —0.34NS  (.1NS  (0.9300¢ (0.870%¢ 0.91%7¢*

PDC —0.36™ —0.22% 0.04¥5 0.61* 1 —-0.24"  0.44* 0.35™ —0.23N (.28 0.43* 0.44*

FAT -0.67* -0.47* -0.45™ 0.20N 0.09S 1 —0.62%*% 0.24N  —0.57% —0.90** —0.84*** —(.85%**

WDM  —0.58* —0.42N5 —0.42N —0.20N 0.04N 0.88*** 1 —0.40% —0.21NS 0.817%F (.74%%* (0.82+%*
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Continued

MDM —0.09% 0.01N 0.26% 0.92%** 0.69* —0.03% —0.38N¢ 1 0.04N  —0.38* —-0.27% —(0.3N¢

PH  0.96*** 0.69*
CP  0.77%%* 0.63*

0.70% —0.26N5 —0.29N8 —(.84*** —(0.77*** (.03NS 1 0.37% 026N 0.2188

0.50% —0.26N5 —0.30N8 —0.76*** —0.75%** 0.06NS 0.95%** 1 0.84%* (.89
—-0.76**

FCY  —0.52*% —0.39%% —0.14™ 0.34N 0.16™ 0.89*** 0.79*** (0.05N —0.83%** 1 0.99*%*

*

DCY -0.42N —0.31N8 —0.02N 0.34N8 (0.12N 0.84%** (.74%%* (.07 —0.68% —0.77*** 0.99*** 1

Legend: R: Coagulation ti

CP: Crude Protein; FCY:

me; K20: Curd firming time; TA: Titratable acidity; Ash: Total ash content; PDC: Potassium

dichromate Content; Fat: Fat content; WDM: Whey dry matter; MDM: Milk dry matter; PH: Hydrogen potential;

Fresh curd yield; DCY: Dry curd yield; NS: Not significant; *: P < 0.05; ***: P < 0.001.

3.4. Correlations between Physicochemical and Technological
Parameters of N’'Dama and Lagunaire Cow Milk

Table 4 shows the correlations between Physicochemical and Technological Pa-
rameters of N'Dama Milk (below the diagonal) and Lagunaire Milk (above the
diagonal).

In N’'Dama cow milk, coagulation time (R) showed a strong positive correlation
with curd firming time (K20, r = 0.80; P < 0.001) and titratable acidity (AT, r =
0.78; P < 0.001), indicating that milk samples that coagulate more slowly also re-
quire longer firming times and have higher acidity. R was also highly and posi-
tively associated with pH (r = 0.96; P < 0.001) and total nitrogen (MAT, r = 0.77;
P < 0.001), suggesting that milk with higher pH and protein content tends to co-
agulate more slowly.

Total ash (CT) correlated positively with total potassium dichromate (TDP, r =
0.61; P < 0.05) and whey dry matter (MSL, r = 0.91; P < 0.001), revealing that
mineral-rich milk contributes to higher solid fractions. A strong association was
also observed between CT and milk dry matter (MS2, r = 0.92; P < 0.001), as well
as between CT and total nitrogen (MAT, r = 0.93; P < 0.001), confirming that
mineral content is tightly linked to overall milk solids and protein.

Fat content (MG) displayed negative correlations with coagulation time (R, r =
—0.67; P < 0.05), pH (r = —0.84; P < 0.001), and total nitrogen (MAT, r = —0.76; P
< 0.001), suggesting that fattier milk tends to have lower pH, lower protein con-
tent, and faster coagulation. MG was, however, strongly positively correlated with
curd yield—both fresh (RDMFF, r = 0.89; P < 0.001) and dry (RDMEFS, r = 0.84; P
< 0.001)—indicating that higher fat levels enhance cheese-making performance.

Moreover, total nitrogen (MAT) was highly positively correlated with pH (r =
0.95; P < 0.001) and curd yields (RDMFF, r = 0.84; P < 0.001; RDMFS, r = 0.89; P
< 0.001), reinforcing the close link between milk protein and cheese yield. Overall,
in the N'Dama breed, milk composition traits such as fat, protein, and dry matter
are key determinants of curd formation and yield, while pH and acidity play a
decisive role in coagulation kinetics.

In the Lagunaire breed, coagulation time (R) was strongly and positively corre-
lated with curd firming time (K20, r = 0.85; P < 0.001), titratable acidity (AT, r =
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0.71; P < 0.001), and pH (r = 0.86; P < 0.001), showing that slower-coagulating
milk also tends to have higher acidity and firmer curd formation. R was moder-
ately related to total nitrogen (MAT, r = 0.66; P < 0.001) and negatively related to
curd yields (RDMFF, r = —0.69; P < 0.05; RDMES, r = —0.69; P < 0.05), suggesting

that prolonged coagulation reduces cheese yield.

Table 4. Correlation between physicochemical and technological Parameters of of N'Dama and Lagunaire cow Milk.

K20 AT Ash PDC FAT WDM MDM PH CP FCY DCY

Variable R

R 1
K20  0.81%**
AT 0.76***
Ash  —0.25™
PDC -0.34™
FAT -0.65*
WDM -0.56*
MDM -0.08"8
PH 0.95%**
Ccp 0.75%**
FCY -0.50*
DCY -0.41™

0.83%%* 0.69%* 0.63* (.29 —0.61*%* —0.53* —0.18%5 (.88%** (.64*** —0.66* —0.68*

0.26NS  —0.23N5 —0.17% 0.09% —0.19% 0.08N  0.35N —0.07™ —0.26™ —0.28NS

0.62* 1 0.28N  0.30N  0.14N  0.53* —0.09% —0.51* 0.24% —0.06™ 0.09N

—0.16™ 0.12™8 1 0.45% —0.80%** 0.89*** —0.32N5 (.12NS  0.917%* 0.85%%* (0.90***
—-0.20N 0.05™  0.59* 1 —0.22N  0.42*  0.33N -0.21N 0.30%  0.44%  0.43%

-0.45% —0.43NS 022N 0.11M 1 —0.60%** 0.26M —0.55% —0.88%**—0.82%*—(.83%**
—0.40M —0.40% —0.18% (.05% 0.87*** 1 —0.38% —0.19%5 (.82¥%* (.73%* 0.81***
0.03NS  0.28N 0.90%** 0.67* —0.02%% —0.36N 1 0.06N  -0.36* —0.28N5 —0.31%¢
0.68*  0.68* —0.24NS —(.28NS —(0.82%*¥*—(0.75%%* (.04 1 0.36*  0.25M (.23

0.61*  0.48* —0.25M —0.29N8 —0.74%¥*—0.73%%* (.05NS 0.94*** 1 0.83*%* (.88***
—0.37N —0.12N5  0.32N8  0.17%  0.87*%* 0.78%* 0.06N —0.74***-0.82%** 1 0.98***
—-0.30M —0.01% 0.33%5  (0.13N5 0.83¢%* (.73%%* 0.08N —0.66* —0.76%** 0.98%** 1

Legend: R: Coagulation time; K20: Curd firming time; TA: Titratable acidity; Ash: Total ash content; PDC: Potassium
dichromate Content; Fat: Fat content; WDM: Whey dry matter; MDM: Milk dry matter; PH: Hydrogen potential;
CP: Crude Protein; FCY: Fresh curd yield; DCY: Dry curd yield; NS: Not significant; *: P < 0.05; ***: P < 0.001.

Curd firming time (K20) correlated positively with R (r = 0.85; P < 0.001) but
showed weak or non-significant associations with most compositional traits, in-
dicating limited influence on milk’s chemical composition. Total ash (CT) was pos-
itively correlated with potassium dichromate (TDP, r = 0.43; P < 0.05) and with
curd yields (RDMFF, r = 0.87; P < 0.001; RDMFS, r = 0.91; P < 0.001), emphasizing
the role of mineral content in cheese formation.

Fat content (MG) showed a strong negative correlation with pH (r = —0.90; P <
0.001) and total nitrogen (MAT, r = —0.90; P < 0.001), while being positively cor-
related with curd yield (RDMFF, r = 0.84; P < 0.001). Similarly, whey dry matter
(MSL) was strongly correlated with milk dry matter (MS2, r = —0.40; P < 0.05) and
with protein and curd yield parameters, highlighting their interdependence.

Total nitrogen (MAT) exhibited a high positive correlation with pH (r = 0.81;
P < 0.001) and curd yields (RDMFF, r = 0.84; P < 0.001; RDMFS, r = 0.89; P <
0.001), confirming that higher protein levels enhance curd formation. The strong
correlation between fresh and dry curd yields (RDMFF-RDMES, r = 0.99; P <
0.001) further supports the consistency of the Lagunaire milk’s technological per-
formance.

In summary, Lagunaire milk showed strong interrelations among fat, protein,
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and cheese yield, while ash and acidity appeared to modulate coagulation time
and curd firmness. These relationships highlight the integrated influence of com-
positional and physicochemical traits on the technological behavior of milk from
this breed.

4. Discussion

4.1. Variability of Parameters of Cheese and Butter Making
Abilities of Milk of Four Indigenous Cow Breeds of Benin

The results of this study demonstrate that the breed of dairy cattle exerts a signif-
icant influence on the rennet coagulation properties, curd firmness, and overall
technological potential of milk. The significant differences observed among Bor-
gou, N’Dama, Azawak, and Lagunaire breeds confirm that genetic and physiolog-
ical factors associated with breed composition affect milk coagulation behavior
and curd formation dynamics. The shorter rennet coagulation time (RCT) rec-
orded for Borgou milk (1.72 min) suggests a higher aptitude for cheese-making
compared with the other breeds. This rapid coagulation may be attributed to dif-
ferences in casein micelle structure, x-casein content, and calcium ion concentra-
tion, which are known to accelerate rennet-induced gelation [6] [10]. Similar find-
ings were reported by [8], who observed breed-dependent variations in milk co-
agulation linked to both genetic background and environmental adaptation. The
slower coagulation time observed in Azawak and Lagunaire cows indicates a lower
enzymatic reactivity of their milk, which could result in weaker curd formation
and reduced cheese yield.

The curd firming time (k20) and curd firmness (a30) also varied significantly
among breeds, highlighting the differential capacity of milk to form and consoli-
date the gel structure. Borgou and Lagunaire milk exhibited faster firming and
higher curd firmness, consistent with the pattern of shorter RCT, whereas Azawak
and N’Dama milk showed longer firming times. This varijability aligns with the
findings of [7], who emphasized that milk from different breeds can exhibit dis-
tinct rheological behaviors during coagulation due to compositional differences,
notably in fat and protein fractions.

The observed effects of cow breed and the average values of rennet coagulation
time, curd firmness, and butter-making potential of milk from the four indige-
nous cattle breeds of Benin are consistent with those reported by [16] and col-
leagues in their study on the cheesemaking, butter-making, and nutritional quality
of milk from Borgou and Azawak cows raised on natural pastures. In their find-
ings, the average coagulation time of Azawak milk was around 24.5 minutes, com-
pared to 18.3 minutes for Borgou milk [16]. According to these authors, the firm-
ing time of coagulated milk averaged 11.2 minutes for Azawak cows and 8.4 minutes
for Borgou cows [16]. The titratable acidity was about 0.23 g lactic acid/100mL for
Azawak milk and 0.22 g/100mL for Borgou milk [16]. According to these authors
[16], milk pH was close between breeds (6.68 for Borgou and 6.65 for Azawak).

In terms of milk composition, the higher fat and dry matter contents in Borgou
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and N’Dama milk suggest better cheese-making efficiency, as these parameters
directly influence curd yield and texture. The positive correlation observed be-
tween fat content and curd yields in all breeds corroborates the results of [10],
who demonstrated that higher lipid content enhances the retention of solids dur-
ing curd formation. Conversely, the negative correlation between pH and fat con-
tent indicates that more acidic milk tends to have reduced fat levels, which may
affect curd consistency.

The observed differences in titratable acidity and pH among breeds further re-
flect differences in microbial activity, buffering capacity, and casein micelle sta-
bility. The slightly higher pH in Azawak milk could explain its delayed coagula-
tion, as high pH values generally reduce the rate of x-casein hydrolysis by chymo-
sin and hinder casein aggregation [6]. In contrast, the moderate acidity and opti-
mal pH of Borgou milk favor faster rennet action and stronger curd formation.
Similar relationships between pH and coagulation dynamics have been docu-
mented by [2] and [8], emphasizing the delicate balance between milk composi-
tion and enzymatic coagulation processes.

Furthermore, milk with higher dry matter content, particularly in N°'Dama and
Borgou cows, supports better butter texture due to the presence of solid compo-
nents that contribute to plasticity and spreadability. This aligns with observations
in both African and European dairy systems, where dry matter has been identified
as a key determinant of butter consistency and sensory properties [13] [14] [18].

In the Northern Benin, [16] found that the total ash and dichromate contents
were similar between the Azawak and Borgou cow breeds. According these au-
thors, Borgou milk showed a higher average fat content (4.8%) compared with
Azawak milk (4.1%), and a greater whey dry matter content (6.2% vs. 5.6%) [16].
In contrast, from their study, Azawak milk had a higher protein concentration
(3.7%) than Borgou milk (3.15%). Despite this, the average fresh cheese yield was
greater in Borgou milk (16.4%) compared with Azawak milk (14.8%), and the dry
cheese yield followed the same trend [16].

The present findings on the significant influence of local cow breeds on the
processing properties of milk is also in agreement with previous reports that iden-
tified breed as a major source of variation in milk coagulation parameters [28]-
[32]. The significantly shorter rennet coagulation time (RCT) observed in Borgou
milk (1.72 min) compared to N'Dama (2.25 min), Azawak (3.2 min), and Lagun-
aire (5.4 min) suggests a superior coagulation aptitude of Borgou milk, which is
advantageous for cheese production. Similar trends were reported by [33], who
noted breed-dependent differences in RCT, with local or dual-purpose breeds
generally showing faster coagulation than specialized dairy breeds such as Hol-
stein-Friesian.

Differences in curd firming time (K20) among breeds further support the in-
fluence of genotype on casein micelle behavior during gel formation. The faster
curd firming observed in Borgou and Lagunaire milk indicates a more efficient

network formation after enzymatic coagulation, comparable to the higher curd
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firmness reported for Rendena milk relative to Holstein milk by Mariani et al
(2002). Such differences may be attributed to genetic variations in milk protein
fractions, particularly x-casein and S-lactoglobulin, which are known to affect co-
agulation kinetics [30]-[34].

The lower titratable acidity and slightly higher pH observed in Azawak milk
suggest slower acid development, which may be linked to lower buffering capacity
or different microbial activity during storage. Similar pH variations among breeds
were described by [32], emphasizing the role of breed in determining the physi-
cochemical balance of milk. These parameters are crucial for cheesemaking, as
acidification directly influences rennet action, curd firmness, and moisture reten-
tion in the final product.

Overall, the results confirm that breed significantly affects milk coagulation be-
havior, acidity, and pH—factors essential for optimizing traditional dairy pro-
cesses such as Wagashi cheese production. The superior technological potential
of Borgou milk highlights its importance for artisanal cheese and butter produc-
tion in northern Benin. Conversely, although Azawak milk exhibited higher pH
values, its longer coagulation time and lower curd firmness may limit its suitability
for certain dairy applications. These findings are consistent with earlier studies
indicating that indigenous breeds often possess milk better adapted to traditional
processing conditions than exotic or crossbred types [33].

However, milk quality can also be affected by region through seasonal varia-
tions in diet, while diet is a direct factor influencing milk’s nutritional and chem-
ical composition [35] [36]. For instance, summer milk from grazing pastures is
often richer in protein, lactose, and antioxidants compared to winter milk from
dry forage, a difference influenced by the regional availability of feeds [35]. The
region’s climate and feed availability directly impact the cows’ diet, which in turn
alters the milk’s fat, protein, and micronutrient content. In the current study, the
difference in the agroecological areas of rearing of the different cow breeds under

analysis may influences the milk quality [35].

4.2. Correlations between Physicochemical and Technological
Parameters of Milk by Breed

Correlational analyses reinforce these interpretations. In Borgou milk, rennet co-
agulation time correlated strongly and positively with curd firming time, acidity,
and total nitrogen, while showing a negative relationship with fat and curd yield.
These patterns suggest that slower coagulation is associated with higher protein
concentration but lower fat retention, a trend also described by [6]. Conversely,
in Azawak milk, strong positive correlations between coagulation time, acidity,
ash, and total nitrogen indicate that the breed’s milk composition favors slower,
mineral-influenced coagulation, possibly due to micellar calcium variability.

In N’Dama and Lagunaire milk, correlations between protein content (total ni-
trogen) and curd yield were highly significant, confirming the pivotal role of ca-

sein concentration in determining cheese yield. The positive association between
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ash content and milk dry matter in these breeds highlights the contribution of
mineral components (notably calcium and phosphorus) to curd structure for-
mation. The negative correlations of fat and protein with pH observed across
breeds further support the idea that milk acidity is a key determinant of techno-
logical performance, influencing both coagulation speed and curd compactness
[7].

Collectively, these findings underscore that Borgou milk exhibits the most fa-
vorable technological profile among the studied breeds, combining rapid coagu-
lation, good curd firmness, and adequate fat and protein contents conducive to
high cheese yield. Azawak milk, characterized by longer coagulation time and
higher pH, presents less favorable properties for cheese-making but may have ad-
vantages in other dairy products requiring slower acidification. N’'Dama and La-
gunaire milk, although variable, show intermediate technological traits influenced
by compositional and mineral balance.

The observed breed effects have important implications for dairy value chains
in Benin and similar agroecological zones. Selecting and promoting breeds such
as Borgou for cheese-making could enhance local dairy productivity and pro-
cessing efficiency. Moreover, improving the nutritional management of less fa-
vorable breeds as Azawak and optimizing processing conditions (such as pH ad-
justment or calcium supplementation) could help standardize milk technological
quality, as suggested by [6] [10].

Similar relationships were observed by [16]. Indeed, from their study, milk co-
agulation time was positively associated with firming time, acidity, pH, and total
nitrogen content, while it showed a negative association with fat content, whey
dry matter, and cheese yield [16].

5. Conclusions

The study demonstrated that breed has a significant impact on the technological
and compositional qualities of milk from indigenous cattle breeds of Benin. The
differences observed in rennet coagulation time, curd firmness, acidity, and chem-
ical composition clearly indicate that the genetic background of cows plays a cru-
cial role in determining milk suitability for dairy processing. Among the four
breeds studied, Borgou cows exhibited the most favorable technological charac-
teristics, including the shortest coagulation time, rapid curd firming, and the high-
est curd yields, making their milk particularly well-suited for cheese and butter
production. N'Dama and Lagunaire milks also showed interesting technological
potential, while Azawak milk, despite its higher protein content, presented less
desirable coagulation properties and lower cheese yield.

The findings of this study carry several important practical implications for
dairy production, processing, and genetic resource management in Benin. The
clear breed-related differences observed in milk composition and technological
behavior offer valuable guidance for optimizing dairy value chains. The superior
cheesemaking potential of Borgou milk, reflected in its rapid coagulation, high

curd yields, and favorable fat content, indicates that this breed is particularly well
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suited for traditional cheese production, including wagashi. N'Dama milk, with
similarly high fat levels and good curd firmness, also appears appropriate for both
cheese- and butter-making, providing producers with flexibility in product diver-
sification. In contrast, although Azawak milk is richer in protein, its delayed co-
agulation and lower curd yields limit its suitability for rennet-coagulated cheeses,
but make it a better candidate for fermented dairy products that benefit from high
protein levels. Lagunaire milk, with its high dry matter and protein content, may
also be directed toward yogurts, fortified dairy products, or other value-added
transformations that require improved textural quality.

These findings underscore the opportunity for producers and processors to
adopt breed-based specialization to enhance profitability. Farmers seeking higher
returns from traditional cheese and butter production could prioritize Borgou and
N’Dama breeds, while processors could improve product consistency by sourcing
milk from breeds with superior technological value. The results also highlight the
importance of tailoring feeding and management strategies to complement ge-
netic potential. For instance, Azawak cows may require targeted nutritional sup-
plementation to improve fat content and enhance their processing performance.
Furthermore, these insights support the development of breed-specific dairy value
chains and justify ongoing conservation and genetic improvement efforts for in-
digenous breeds exhibiting favorable milk traits.

Beyond herd management, the study emphasizes the need to strengthen train-
ing and capacity-building for smallholder farmers, dairy cooperatives, and pro-
cessors. Understanding how breed influences milk quality, coagulation behavior,
and butter-making potential can improve processing efficiency, enhance product
quality, and increase market competitiveness. Policymakers and investors can also
draw on these results to support evidence-based decisions, promote the use of
high-performing local breeds, and encourage the development of specialized dairy
processing units adapted to the characteristics of the milk available. Overall, the
study provides a scientific foundation for improving dairy production systems in
Benin by aligning breed selection, processing practices, and value-chain develop-

ment with the inherent technological potential of indigenous cattle.

Acknowledgements

The authors gratefully acknowledge the support provided by the Competitive Re-
search Funds of the University of Parakou, Benin; the ARES-CCD/ELAN Fellow-
ship of Belgium, and the TWAS-UNESCO/IsDB Program.

Conflicts of Interest
The authors have declared that no competing interests exist.

References

[1] Feyisa, B.W., Haji, J. and Mirzabaev, A. (2023) The Impact of Adoption of Milk Safety
Practices on Food and Nutrition Security: Evidence from Smallholder Dairy Farmers

DOI: 10.4236/fns.2025.1611104

1784 Food and Nutrition Sciences


https://doi.org/10.4236/fns.2025.1611104

U. P. Tougan et al.

(2]

(10]

(11]

[12]

(13]

(14]

in Ethiopia. Research in Globalization, 7, Article ID: 100157.
https://doi.org/10.1016/j.resglo.2023.100157

Kumar, R.R., Rahman, F., Bora, B. and Shameeh, M. (2023) Importance and Nutritive
Value of Animal Proteins in Human Diet. In: Bhat, Z.F., et al, Eds., Processing Tech-
nologies and Food Protein Digestion, Elsevier, 1-25.
https://doi.org/10.1016/b978-0-323-95052-7.00007-8

Cerbulis, J. and Farrell, H.M. (1975) Composition of Milks of Dairy Cattle. I. Protein,
Lactose, and Fat Contents and Distribution of Protein Fraction. Journal of Dairy Sci-
ence, 58, 817-827. https://doi.org/10.3168/jds.s0022-0302(75)84644-3

Macheboeuf, D., Coulon, J. and D’Hour, P. (1993) Effect of Breed, Protein Genetic
Variants and Feeding on Cows’ Milk Coagulation Properties. Journal of Dairy Re-
search, 60, 43-54. https://doi.org/10.1017/s0022029900027333

Auldist, M.]., Johnston, K.A., White, N.J., Fitzsimons, W.P. and Boland, M.]. (2004)
A Comparison of the Composition, Coagulation Characteristics and Cheesemaking

Capacity of Milk from Friesian and Jersey Dairy Cows. Journal of Dairy Research, 71,
51-57. https://doi.org/10.1017/s0022029903006575

Bittante, G., Cipolat-Gotet, C., Pazzola, M., Dettori, M.L., Vacca, G.M. and Cecchi-
nato, A. (2017) Genetic Analysis of Coagulation Properties, Curd Firming Modeling,
Milk Yield, Composition, and Acidity in Sarda Dairy Sheep. Journal of Dairy Science,
100, 385-394. https://doi.org/10.3168/jds.2016-11212

Beux, S., Pereira, E.A., Cassandro, M., Nogueira, A. and Waszczynskyj, N. (2017) Milk
Coagulation Properties and Methods of Detection. Ciéncia Rural, 47, €20161042.
https://doi.org/10.1590/0103-8478¢cr20161042

Troch, T., Lefébure, E., Baeten, V., Colinet, F., Gengler, N. and Sindic, M. (2017) Cow
Milk Coagulation: Process Description, Variation Factors and Evaluation Methodol-
ogies. A Review. Biotechnologie, Agronomie, Société et Environnement, 21, 276-287.
https://doi.org/10.25518/1780-4507.13692

De Marchi, M., Bittante, G., Dal Zotto, R., Dalvit, C. and Cassandro, M. (2008) Effect

of Holstein Friesian and Brown Swiss Breeds on Quality of Milk and Cheese. Journal
of Dairy Science, 91, 4092-4102.

Dal Zotto, R., De Marchi, M., Cecchinato, A., Penasa, M., Cassandro, M., Carnier, P.,

et al. (2008) Reproducibility and Repeatability of Measures of Milk Coagulation Prop-

erties and Predictive Ability of Mid-Infrared Reflectance Spectroscopy. Journal of
Dairy Science, 91, 4103-4112. https://doi.org/10.3168/jds.2007-0772

Malchiodi, F., Cecchinato, A., Penasa, M., Cipolat-Gotet, C. and Bittante, G. (2014)

Milk Quality, Coagulation Properties, and Curd Firmness Modeling of Purebred Hol-

steins and First- and Second-Generation Crossbred Cows from Swedish Red, Mont-
béliarde, and Brown Swiss Bulls. Journal of Dairy Science, 97, 4530-4541.
https://doi.org/10.3168/jds.2013-7868

Varotto, A., De Marchi, M., Penasa, M. and Cassandro, M. (2014) Milk Coagulation

Ability of Rendena and Holstein-Friesian Cattle Breeds. Acta Agraria Kaposvdriensis,
18, 89-95.

Avramis, C.A., Wang, H., McBride, B.W., Wright, T.C. and Hill, A.R. (2003) Physical
and Processing Properties of Milk, Butter, and Cheddar Cheese from Cows Fed Sup-
plemental Fish Meal. Journal of Dairy Science, 86, 2568-2576.
https://doi.org/10.3168/jds.s0022-0302(03)73851-x

Sanjayaranj, I., Lopez-Villalobos, N., Blair, H.T., Janssen, P.W.M., Holroyd, S.E. and
MacGibbon, A.K.H. (2022) Effect of Breed on the Fatty Acid Composition of Milk

DOI: 10.4236/fns.2025.1611104

1785 Food and Nutrition Sciences


https://doi.org/10.4236/fns.2025.1611104
https://doi.org/10.1016/j.resglo.2023.100157
https://doi.org/10.1016/b978-0-323-95052-7.00007-8
https://doi.org/10.3168/jds.s0022-0302(75)84644-3
https://doi.org/10.1017/s0022029900027333
https://doi.org/10.1017/s0022029903006575
https://doi.org/10.3168/jds.2016-11212
https://doi.org/10.1590/0103-8478cr20161042
https://doi.org/10.25518/1780-4507.13692
https://doi.org/10.3168/jds.2007-0772
https://doi.org/10.3168/jds.2013-7868
https://doi.org/10.3168/jds.s0022-0302(03)73851-x

U. P. Tougan et al.

(15]

(16]

(17]

(18]

[19]

(20]

(21]

(22]

(23]

(24]

(25]

[26]

(27]

(28]

[29]

(30]

from Dairy Cows Milked Once and Twice a Day in Different Stages of Lactation.
Dairy, 3, 608-621. https://doi.org/10.3390/dairy3030043

CountryStat/Benin (2024) Base de données statistique.

http://countrystat.org/ben] (http://countrystat.org/ben

Abdoukarim, I., Dahouda, M., Attakpa, E., Koutinhouin, G., Ahounou, G., Toleba,
S., et al. (2013) Diversité des systemes d’élevages de bovins de race bovine Borgou
dans la zone soudanienne du Bénin. International Journal of Biological and Chemical
Sciences, 7, 125-146. https://doi.org/10.4314/ijbcs.v7il.11

Joseph, D., Karel, M.]J., Serge, L., Laurent, A.G.D. and Sylvanus, O. (2016) Procédé
amélioré de conservation et de stabilisation du fromage peuhl par l'effet combiné du
traitement thermique et du conditionnement sous vide. Furopean Scientific Journal,
ESJ, 12, 189-209. https://doi.org/10.19044/esj.2016.v12n36p189

Tougan, P.U., Daouda, I.H., Djenontin, J.A., Gouwakinnou, G., Adakamou, S.G.T,,
Mekpo, L.A., Mensah, G.A., Koutinhouin, G.B., Beckers, Y., Sindic, M. and Thewis,
A. (2018) Aptitudes fromageres et beurriéres et qualité technologique du lait des
vaches de races Borgou et Azawak élevées sur paturage naturel au Bénin. Bulletin de
la Recherche Agronomique du Bénin (BRAB), Numéro spécial “ Productions Agricoles
& Technologies (PAT)”, 41-50.

Ulbad, T.P., Franck, H., Adama, K., Tiatou, S., Rebecca, A.R.A., llonka, D.A., ef al.
(2021) Color (CIE L*, a*, b*), Nutritional and Sensory Characterization of Artisanal
“Wagashi” Cheese Processed from Borgou and Azawak Cow Milks in Benin. /nter-
national Journal of Food Science and Agriculture, 5, 530-537.
https://doi.org/10.26855/ijfsa.2021.09.025

Ulbad, T.P., Modeste, D., Franck, H. and André, T. (2025) Preservation of Wagashi
Cheese with Lippia multiflora Leaf Decoction: Effects on Microbiological, Nutritional

and Sensory Quality. Asian Journal of Dairy and Food Research.
https://doi.org/10.18805/ajdfr.drf-552

Chabi Toko, L., Toléba, S.S. and Dahouda, M. (2010) Cottonseed Meal and Vitellaria
paradoxa Leaves Supplementation of Borgou Cows in Rainy Season. International
Journal of Biological and Chemical Sciences, 2, 555-559.

Adam, S.K. and Boko, M. (1993) Le climat du Bénin. Editions Karthala.

De Marchi, M., Dal Zotto, R., Cassandro, M. and Bittante, G. (2007) Milk Coagulation
Ability of Five Dairy Cattle Breeds. Journal of Dairy Science, 90, 3986-3992.
Hornitz, W. (2000) Official Methods of Analysis. 16th Edition, Association of Official
Analytical Chemists.

ISO (2001) ISO 3889: 2001 —MILK and Milk Products—Mojonnier-Type Fat-Extrac-
tion Flasks.

ISO/IDF (International Standards Organization/International Dairy Federation)
(2007) Milk-Determination of Total Milk-Clotting Activity by Bovine Rennets. ISO
11815/IDF 157. International Dairy Federation.

SAS Institute (2016) Statistical Analysis Software (SAS) User’s Guide Version 9.4.
SAS Institute, Inc.

Ewonetu, K. (2018) Effect of Cattle Breed on Milk Composition in the Same Manage-
ment Conditions. Ethiopian Journal of Agricultural Sciences, 28, 53-63.

Bencini, R. (2002) Factors Affecting the Clotting Properties of Sheep Milk. Journal of
the Science of Food and Agriculture, 82, 705-719. https://doi.org/10.1002/jsfa.1101

Bittante, G., Penasa, M. and Cecchinato, A. (2012) Invited Review: Genetics and

DOI: 10.4236/fns.2025.1611104

1786 Food and Nutrition Sciences


https://doi.org/10.4236/fns.2025.1611104
https://doi.org/10.3390/dairy3030043
https://instad.bj/statistiques/statistiques-agricoles
https://doi.org/10.4314/ijbcs.v7i1.11
https://doi.org/10.19044/esj.2016.v12n36p189
https://doi.org/10.26855/ijfsa.2021.09.025
https://doi.org/10.18805/ajdfr.drf-552
https://doi.org/10.1002/jsfa.1101

U. P. Tougan et al.

(31]

(32]

(33]

(34]

(35]

(36]

Modeling of Milk Coagulation Properties. Journal of Dairy Science, 95, 6843-6870.
https://doi.org/10.3168/jds.2012-5507

Saha, S., Malchiodi, F., Cipolat-Gotet, C., Bittante, G. and Gallo, L. (2017) Effects of
Crossbreeding of Holstein Cows with Montbéliarde and Swedish Red in First and
Second Generations on Cheese Yield Traits. Agriculturae Conspectus Scientificus, 82,
241-244.

Weerasingha, V., Priyashantha, H., Ranadheera, C.S., Prasanna, P., Silva, P., Vidana-
rachchi, J.K. and Johansson, M. (2022) Milk Coagulation Properties: A Study on Milk
Protein Profile of Native and Improved Cattle Breeds/Types in Sri Lanka. Dairy, 3,
710-721. https://doi.org/10.3390/dairy3040049

Mariani, P., Summer, A., Formaggioni, P. and Malacarne, M. (2002) La qualita ca-
searia del latte di differenti razze bovine. La Razza Bruna Italiana, 1, 7-13.

Tyrisevd, A.M., Ikonen, T. and Ojala, M. (2003) Repeatability Estimates for Milk Co-
agulation Traits and Non-Coagulation of Milk in Finnish Ayrshire Cows. Journal of
Dairy Research, 70, 91-98. https://doi.org/10.1017/50022029902005939

Larsen, M.K., Nielsen, J.H., Butler, G., Leifert, C., Slots, T., Kristiansen, G.H., et al.
(2010) Milk Quality as Affected by Feeding Regimens in a Country with Climatic
Variation. Journal of Dairy Science, 93, 2863-2873.
https://doi.org/10.3168/jds.2009-2953

Bednarski, M. and Kupczynski, R. (2024) Factors Affecting Milk Productivity, Milk
Quality and Dairy Cow Health. Animals, 14, Article 3707.
https://doi.org/10.3390/ani14243707

DOI: 10.4236/fns.2025.1611104

1787 Food and Nutrition Sciences


https://doi.org/10.4236/fns.2025.1611104
https://doi.org/10.3168/jds.2012-5507
https://doi.org/10.3390/dairy3040049
https://doi.org/10.1017/S0022029902005939
https://doi.org/10.3168/jds.2009-2953
https://doi.org/10.3390/ani14243707

	Rennet Coagulation Time, Curd Firmness, Butter-Making Potential and Proximate Composition of Milk from Four Indigenous Cattle Breeds of Benin
	Abstract
	Keywords
	1. Introduction
	2. Material and Methods
	2.1. Study Area
	2.2. Milk Sampling and Data Collection
	2.3. Statistical Analysis

	3. Results
	3.1. Effect of Breed on the Rennet Coagulation Time, Curd Firmness and pH of Milk
	3.2. Variability of Parameters of Cheese and Butter Making Abilities of Milk of Four Indigenous Cow Breeds of Benin
	3.3. Correlation between Physicochemical and Technological Parameters of Borgou and Azawak Cow Milk
	3.4. Correlations between Physicochemical and Technological Parameters of N’Dama and Lagunaire Cow Milk

	4. Discussion
	4.1. Variability of Parameters of Cheese and Butter Making Abilities of Milk of Four Indigenous Cow Breeds of Benin
	4.2. Correlations between Physicochemical and Technological Parameters of Milk by Breed

	5. Conclusions
	Acknowledgements
	Conflicts of Interest
	References

