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Abstract— The main objectives of the present study were to
evaluate the physicochemical quality of raw cow milk produced
in Beni Mellal region, one of the major milk production areas in
Morocco located in the North-Centre of Morocco to evaluate the
characteristics of the raw milk produced and also to evaluate
effects nutritional and breeding factors on chemical and
physical factors. Physicochemical quality of raw milk was
determined by assessing the analysis of “Fat Content”, “Protein
Content”, “Total Solids”, “Solids No-Fat”, “Acidity”, “Brix”,
“Density”, “Temperature” and “Alcohol Test”, using
recognized standardized methods and infrared methods for
better assessing of characteristics (fat, protein, total solids and
no-fat solids contents). The results obtained from this study
showed a variability average in the physicochemical quality of
raw milk between the different farms where the samples have
been collected. Despite this variability, the fat and protein
contents displayed high levels which by consequent is
considered as high economic value for the producers and for the
manufactures allowing in final the consumer to dispose of good
nutritional product in the market. Furthermore, the values
concerning temperature, pH and Dornic acidity do not exceed
the recommended values attesting on the good hygienic quality
of the raw cow milk produced in this geographical area in
Morocco. The present findings complete our previous
investigations made in the same geographical area but in other
different locations and extend our knowledge on the evolution of
the quality of raw cow milk produced in this large area.

Index Terms— Raw cow milk, milk quality, physical and
chemical analysis, Beni Mellal areas, Morocco.

I. INTRODUCTION
In Morocco, since the launch of the dairy plan in 1975

Rachid Hnini, Laboratory of Biological Engineering, Pathology and
Functional Biology Team, Sultan Moulay Slimane University, FST, PO.Box:
523, 23000 Beni Mellal, Morocco.

Lhou Ouhida, Laboratory of Biological Engineering, Pathology and
Functional Biology Team, Sultan Moulay Slimane University, FST, PO.Box:
523, 23000 Beni Mellal, Morocco.

Mouhamed Chigr, Chemistry science department, Sultan Moulay
Slimane University, FST, Beni Mellal, Morocco.

Mouhamed Merzouki, Laboratory of Biological Engineering, Pathology
and Functional Biology Team, Sultan Moulay Slimane University, FST,
PO.Box: 523, 23000 Beni Mellal, Morocco.

Mouhamed Gammouh, Sultan Moulay Slimane University, FST,
PO.Box: 523, 23000 Beni Mellal, Morocco.

Mouhamed Najimi, Laboratory of Biological Engineering, Pathology
and Functional Biology Team, Sultan Moulay Slimane University, FST,
PO.Box: 523, 23000 Beni Mellal, Morocco.

Fatiha Chigr, Laboratory of Biological Engineering, Pathology and
Functional Biology Team, Sultan Moulay Slimane University, FST, PO.Box:
523, 23000 Beni Mellal, Morocco.

W~

(setting up of a production, collection and processing
structure), this sector has grown significantly from 521.6
million liters in 1975 to 2.6 billion liters in 2015 [1]. The
development of this sector is in line with the goals of the new
Moroccan agricultural strategy (the Moroccan Green Plan)
for food self-sufficiency in horizon of 2020. It concerned
seven basic alimentary products essential to the Moroccan
diet where milk is an essential one [2]. For this reason,
Morocco has re-launched the program-contract signed by the
sector and the public authorities in 2015, which consequently
foresees that the kingdom goes from a collection of 2.4 billion
liters in 2013 to 4 billion in 2020, an increase of 1.55 billion
liters compared to 2015 and a turnover of 23 billion dirhams
[1]. This 2015-2020 national program-contract aims also to
raise the average annual per capita consumption to 90 liters
[1]. However, this challenge concerning milk quantities to
produce poses the problem of the quality of raw milk
produced. Thus, if the produced quantities of milk are today
in general satisfactory because of the great efforts that made
by Morocco in this context (encouraging milk production
principally cow milk) various problems associated to the
quality standards which are very hard to meet [3-8] still exist
which constitutes a challenge for the agro-alimentary sector
especially dairy industry in the county [9-10]. Among these
problems, we cited two major factors. The first one is directly
associated with the heterogeneity of raw milk’s compositions,
influenced by several factors such as the geographical area,
breeding, nutritional factors and climate conditions [8-11]
while the second one is appeared in difficulty to respect
hygienic procedures leading to a significant microbial charge
touching the hygienic quality and representing in this a
serious concern for human health [9-10, 12].

The quality levels are the main and serious problems that
encounter always in dairy industry sector. So, when quality of
milk is discussed, various subjective interpretations could be
adopted in accordance with the defined criteria. Thus, the
quality of milk will tend to vary in dependence to the
individual and the levels within the industry. In this regard,
some tend to evaluate milk relying on organoleptic or even
visual characteristics (especially upstream and downstream,
i.e. farmers and consumers), whereas others will utilize
quantitative analytical criteria, such as protein and fat
contents or the contamination level of milk by
microorganisms (dairy processing) [13].

In dairy industry, chemical and physical criteria as well as
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hygienic criteria are the known three fundamental methods
for describing milk quality. Chemical criteria are in general
correlated with milk nutrient contents according to [14]. Thus,
assessing the contents of protein, fat, and to a lesser degree
calcium in milk provides the nutritional value of the product
and its use in dairy processing is performed by developed
laboratory analytical methods in dairy industry while the
physical criteria are most many times associated with the
acidity, density and temperature of the milk [4, 14]. These last
physical criteria i.e. acidity, density and temperature, will be
indicative indirectly on the hygienic status of the milk [13] in
relation to microbiological aspects (notably potential
pathogens) [14-17].

This study aimed to extend our knowledge concerning the
physico-chemical composition of the raw cow milk produced
in this important agricultural area as this raw milk, supplies
three milk manufactories, two of them are majors in the field.
The quality, notably fat and protein contents, is in this sense
important as the milk could be processed as pasteurized milk,
UHT milk or derived products.

Il. MATERIAL AND METHODS

A. Sampling zones

This work was performed in different irrigated perimeters
of the Beni Mellal region, located in the north-centre of
Morocco (Figure 1). These areas are situated West-North
(area 1), North-West (area 2), West (area 3), and North
(area 4) to Beni Mellal city and have been chosen for their
potential milk production. Almost of the areas investigated
are situated in Tadla Plain. The plain parts are well developed
and the agriculture is generally based on irrigation methods
and many farms have developed their activities inside them
and there is a large milk production from cows and goats
[9-10].
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Figure 1: Presentation of sampling zones
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In general, the Tadla region climate is well-known to be
semi-arid with a dry season from April to October and it is
also characterized by a rainy season from November to March
[18]. The annual cumulative rainfall varies from 149 to 397
mm between 2000 and 2013 while the seasonal variations of
temperature are significant with a maximum in August of 46
°C, a minimum in January of -6 °C and an annual average of
20 °C [19].

B. Sampling preparation

A total of 100 samples of cow raw milk was collected into
sterile bottles (about 1000ml) for physicochemical analysis
from seventeen farms randomly selected in these areas and
transported immediately in thermos-cool boxes (at 4°C) to
Biological Engineering Laboratory, Sultan Moulay Slimane
University during a period extended from January to June. All
the sampling has been made at the morning and afternoon
milking times and all physicochemical parameters were
directly determined on the day or the night of sampling.

C. Physicochemical analysis

In general, after sample collection, the temperature of the
milk is directly measured in place with a thermometer. Once
raw milk samples arrived at laboratory in an insulated cooler
containing ice cubes (thermos-cool boxes (at 4°C)). The pH is
immediately measured using an Orion Reseach pH-meter
after calibration at pH 7.02 and 4.00 by soaking in a small
volume of milk taken from a beaker [20] while titratable
acidity is measured by titration with 1 N NaOH in the
presence of phenophthalein and acidity of milk was expressed
in degrees Doronic (°D) which is equivalentto a grade of
0.1g of lactic acid/L of milk [21]; the milk density is
determined using a thermo-lacto- densimeter. It is reduced to
20°C by the following formula: corrected density = read
density + 0.2 (milk temperature - 20°C).

When the chemical criteria is considered, the fat content is
firstly determined by the acid-butyrometric method of Gerber
[22], which consists of an attack of milk with sulfuric acid
and separation by centrifugation in the presence of isoamyl
alcohol of the released fat [23-24] while the determination of
the levels of proteins, fat, total solids, solids-non-fat is carried

. out using the milkoscan™ minor apparatus calibrated to

- official methods to determine the protein level (Kjeldal

method), fat content (Gerber method) and total solids
(desiccation method). The results are displayed directly on
the screen or printed out; the results are expressed g/100g.

I1l. RESULTS

The essential of results of the physicochemical analysis of
raw cow’s milk produced in different studied areas of Beni
Mellal region are presented in Table 1.
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Table 1: Physicochemical analyzes average of raw milk obtained from different areas in Beni Mellal region.

Physicochemical analyzes (g/100ml)

Type |[FC | PC TS SNF  |Ac Bx Ds pH T° TA 74%
Studied areas
Areal 3,758 {2,980 |12,299 | 8,605 |14,85 |10 1,03186 | 6,764 |06,70 |(-)
Area 2 3,348 {2,891 11,59 |8,282 |1525 |09 1,03108 | 6,741 |07 )
Area 3 3,451 (2,781 |11,616 |8,214 |1520 |09 1,03128 |6,745 |7,90 )
Area 4 3,456 | 3,063 |11,835 {8,568 |15,65 |95 1,03176 | 6,701 |08 )

FC: fat content, PC: protein content, TS: total solids, SNF: solids no-fat, Ac: acidity, Bx: brix, Ds: density, T°: temperature,

AT: alcohol test, (-): negative test.

The results obtained from this study show a variability
average in the nutritional quality of raw milk between the
different studied areas. In this regard, the milk fat content
average obtained was ranged from the high value of 37.6
obtained in the West-North to the low value of 33.4 g/l
recorded in the North-West areas. The other graded values:
about 34.51 and 34.56 g/l are evidenced in West and North
areas, respectively. Moreover, the average values recorded of
milk protein content was respectively about 29.8
(West-North area), 28.9 (North-West area), 27.8 (North
area) and 30.6 g/l (North area) whereas the total solids level
was around 122.9, 115.9, 116.1 and 118.3 g/l, in the
West-North area, North-West area, West area and the
North area respectively. Finally, an average of 86.0, 82.8,
82.1 and 85.6 g/l was found in the West-North area,
North-West area, West area and the North area respectively
for solids no-fat. Of note, the brix average rate oscillated
between 09 to 10% for all studied areas.

Concerning physical criteria, the result obtained of milk
Dornic acidity collected from the main fourth areas
investigated was as follows: 14.85, 15.25, 15.20 and 15.65 D°,
respectively. Moreover, the ionic acidity (pH) is oscillated
from 6.70 to 6.76. The measurement of milk density in these
regions ranged generally from 1.0310 to 1.0318 while
temperature of all samples collected from bulk milk was in
the range of 06 to 08 °C. All milk samples tested for alcohol
testing were normal at 74%.

IV. DISCUSSION

In general, the rational feeding of dairy cows has a major
influence on both the quantitative and quality production of
milk for industrial uses. The value or industrial quality of
milk can be expressed by all the properties and
physicochemical, biological and organoleptic characteristics
required for ensure the production of high value dairy
products commercial [25]. In this study, the findings retained
from different areas investigated, revealed the presence of
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different individual values with regard to chemical and
physical characteristics, depending on the area investigated.
Concerning the chemical results obtained, the milk fat
content average was ranged from 33.4 to 37.6 g/l. Moreover,
the average values recorded for milk protein content are
between 27.8 and 30.6 g/l whereas for the total solids they are
between 115.9 and 122.9 g/l and between 82.1 and 86.0 g/l
for solids no-fat. Finally, the brix rate oscillated between 09
and 10% for all studied areas. These results are due
particularly to various major factors like the extensive
utilization of concentrate type of feeding given to cows
[26-27] an/or the farming practices used in these regions
[7-8].

In general, the fat result obtained is situated over the limit
range adopted by AFNOR for fat standard (28.5 to 32.5 g/l)
[23]. This is of high economic importance for producers that
are reattributed according principally to this criterion. This
also reflects the efforts made by these producers to have
highly standard raw milk by adopting good breeding practices
notably in relation to nutritional aspect. Below this threshold,
dairy industries in Morocco apply penalties on quality [4].
The comparison of our findings in this study with those
previously reported by Bassbassi et al.[28] from February to
April in some cooperatives and farms in region of
Fkih-ben-salh (West-North to Beni Mellal city), Kssiba
(East to Beni Mellal city) (Beni Mellal areas) and Kalaa
region especially for solids no-fat, protein and fat contents
stay superior that what we found her particularly in farms
case from Fkih-ben-salh: (fat: 41.05 g/kg, protein: 33.78 g/kg
and solids no-fat: 96.81 g/kg), Kssiba: (fat: 41.16 g/kg,
protein: 33.02 g/kg and solids no-fat: 96.67 g/kg) and from
Kalaa: (fat: 38.28 g/kg, protein: 32.94 g/kg and solids no-fat:
95.36 g/kg).

This notable difference showed a variability of nutritional
milk quality between regions and milk farms. This variation
is due to the geographical difference that leads to the variation
of climatic conditions and the ways to feed livestock and is
also associated to breeding conditions adopted by the farms.
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According to our previous study, the heterogeneity of raw
milk’s compositions is also influenced by the geographical
area, breeding, climate conditions and nutritional factors
[9-10]. Additionally to nutritional supply, the climate is
considered to be a significant factor that has an effect on the
variation between the composition of the milk fat content as
well as the dry milk extracts. According to Gonzalo et al.[29],
the water content of milk decreases in cold season and
therefore its dry matter increases. Of note, the results given in
this study are the average of measurements made a period of
the year extended from January to June which could not
reveal seasonal variations.

When milk composition quality in Morocco was
considered, our findings for fat content in the studied areas
remained higher than previous contents reported by Labioui
et al.[20] in Mnasra region (31.5 g/l) as for total solids (117.5
g/l). Our findings for protein content showed less levels in
comparison with those reported in Rabat-Sale region (a
maximum of 32.7 g/kg and a minimum of 30.8 g/kg) while
the fat content in this region remained also in most cases
higher than what has been shown in our investigation [4].
This could be associated with a food system based on
concentrates using more forage in the energy balance in the
farms investigated in Rabat-Sale region [4]. Generally, the
importance of the food type specified to dairy cows must be
taken into consideration; for example, during drought periods,
milk producers try to find alternatives to maize silage,
especially in dry conditions. Thus, the cereal-legume bi-crop
silage, sorghum or alfalfas represent interesting solutions.
The sorghums utilization instead of maize silage have been
enabled to decreased daily milk when sorghum silage was
over 65% of the forages and the fat content have been also
increased (2.6 to 4.4 g/kg) according to Rouille et al.[30].

The physical criteria are measured in order to evaluate milk
quality [14]. The degree of acidity indicates freshness and
determines technological suitability of milk [31-32]. The
acidity obtained of milk collected from the different areas
investigated was ranged from 14.85 to 15.65 D°. In general,
these findings were situated in the values reported by
Hamama [33] and AFNOR [22], which showed that the raw
milk acidity is normally between 15 and 18 °D for fresh milk.
Moreover, the ionic acidity (pH) is oscillated from 6.70 to
6.76. Our results for pH and acidity agree generally with those
proposed by the French standard for the Dornic acidity of raw
milk, indicating a pH between 6.6 and 6.8 for cow's milk [34].
The measurement of milk density in these areas ranged from
1.0310 to 1.0318. The normal density of milk is situated
normally between 1.030 and 1.035 according to Barboza and
Miranda [35]. When the values of the densities are under
1.030, milk samples are wetted causing by consequent a
decrease in their densities. Our findings for physical criteria
are in general similar to those previously described by
Labioui et al.[20] in Mnasra region in Gharb (West-North of
Morocco). Moreover, our findings are slightly higher than
those reported by Srairi et al.[4] in Rabat-sale region for
densities (minimum: 1.0279, maximum: 1.0290) and also for
temperature (minimum: 8.8°C, maximum: 29.1°C). The
dispersion of the values found for chemical and physical
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criteria among samples in these studied areas could be
explained by the effect of a variety of factors such the health
and age status of the cows, their stage of lactation,
environmental conditions and herd management practices.

When milk composition quality in Morocco is compared
with that reported in some regions in Algeria. Our findings
for fat and for total solids contents stay higher respectively
with what was reported by Benlahcen et al.[36] in areas of
Sidi Bachir, Messerghine, Fleurus and Gdyel in Oran region
(31.3, 28.3, 22.6 and 24.5 g/l respectively for fat and 118, 96,
92 and 100 g/l respectively for dry extract). In contrast, our
finding showed low values of acidity in comparison to those
reported by Benlahcen et al.[36] (with a minimum of 17 and
a maximum of 20 D°) while our findings obtained for pH and
density are generally in concordance with those obtained in
different areas of Oran (a minimum of 6.3 and a maximum of
6.7 for pH and a minimum of 1.029 to a maximum of 1.032
for density) [36]. On the other hand and compared to other
studies in Algeria, precisely in Mitidja area (located in
Algeria city region), Furthermore our findings concerning fat,
protein, density, total solids and solids no-fat stay higher than
what also reported in Mitidja in Algeria region (around of 31
o/l, 29.1 g/l, 1.03, 118 g/l and 87 g/l were recorded
respectively for fat, protein, density, dry matter and defatted
dry matter) [37]. Taken at whole, these results reveal the
presence of significant variation between Moroccan and
Algerian milk characteristics.

Adding to that, our findings for total solids, fat content,
density and acidity remain also higher to values reported by
Gargouri et al.[13] in Tunisian dairy herds (10.82% for total
solids, 30.2 g/l for fat content, 20, 75 D° and 1.029 for
density). This variation could be related to the adopted
farming system and effect of conditions adopted for cow
breeding between the three Maghrebian countries in North of
Africa.

The alcohol test is generally utilized as a rapid and simple
indicator of milk freshness. According to this test, all milk
samples tested were normal at 74%. This test is also
considered a practical means of determination the propensity
of milk for heat coagulation. The other importance of this test
that is allowed the detection of abnormal milk, such as
colostrum, milk from animals in late lactation, milk from
animals suffering from mastitis and milk in which mineral
balance has been disturbed.

V. CONCLUSION

The present study showed a notable variation in some
chemical and physical criteria such as in case of protein rate,
fat content, total solids, acidity and density in the different
studied areas but all measured parameters are in the range of
national and international standards. The recorded physical
parameters indicate in general, although indirectly, the
presence of good hygienic milk criteria.
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