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Abstract

This study was conducted in the city of Maradi and the department of Konni in Niger. Its objective is
to study the different traditional methods of stabilizing raw milk in Niger to improve them. The
method consisted of conducting individual interviews. There were 200 respondents, including 100 in
Maradi and 100 in Konni. The analysis showed us that this is a predominantly female activity. In
Maradi, the age range of 15 to 30 represents the majority while in Konni, the most represented age
range is 39 to 47 years. In both sites, their main activity is based on livestock farming for the majority
with 66% in Maradi and 50% in Konni respectively. The different traditional methods of preservation
found are 4 in number: Preservation with cowpea (Vigna unguiculata) grains, with guinea pepper,
with ginger (Zingiber officinale), and with chili (Capsicum annuum). In both sites, knowledge of
preservation methods with cowpea grains and Guinea pepper (Xylopia aethiopica) exceeds other
preservation methods. The maximum preservation time chosen by most people surveyed is 4 days with
46% in Maradi and 67% in Konni. The stabilization method with guinea pepper is the best known on
both sites. The place of procurement of milk is Rouga (breeding site); i.e. 92% in Maradi and 71% in
Konni. Producers as well as small traders use the same stabilization methods. Overall, the stabilization
method with guinea pepper is the most appreciated. It is followed by stabilization with cowpea grains.
The laboratory experiment showed us that the stabilization method with cowpea grains is the most
effective with a lower Dornic degree. We can conclude that the degree of stabilization of raw milk
varies on the one hand, with the product used to preserve it, and on the other hand, with the

temperature depending on the storage time.
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Introduction

Located in West Africa, Niger, a Sahelian country, covers an
area of 1,267,000 km?. Its population is approximately 27.2
million inhabitants [1]. With a Sudanese-type climate that
alternates between two seasons (a long dry season from
October to May and a short rainy season from May to
September). Livestock farming is one of the fastest-growing
agricultural subsectors in the agricultural sector and is a
profitable activity, that brings in income and useful by-products
(especially milk) to the household. Indeed, this activity is
effective in fighting against poverty in the region, its
contribution is on average 15% to household income and 25%
to meeting food needs [2-4]. Niger has a culture of consuming

milk and dairy products; its milk production is 1.5 billion liters
per year, including about 500 million liters of cow's milk
according to national statistics of the country [5].

However, there is a considerable increase in the demand for
animal proteins. Animal milk is one of the most accessible
sources of protein. It plays an important role not only
nutritionally, but also economically and socio-culturally. In the
most remote villages that practice livestock farming, livestock
farmers produce abundant milk during the high lactation period
[6,7]. Milk is a very fragile product because it is rich in
nutrients and water; it therefore represents an excellent culture
medium for many microbes. The action of particular
microorganisms is sometimes sought to curdle milk for
example, but in most cases, they are undesirable; in fact, they
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alter the milk, making it unfit or even dangerous for human
consumption. For this, it is more than necessary to use methods
to stabilize milk [8].

Despite the role played by milk production in the country's
economy, it is clear that the latter is faced with many factors
slowing down its momentum, including microorganisms
present in milk forming a complex ecosystem. The
microorganisms can be naturally present or accidentally by
manipulation, and their multiplication under the action of
temperature, the lack of hygiene at the place of production, and
the absence of an effective conservation system limiting the
development of microorganisms during the conservation time
[9]. On the other hand, since 1995, the Codex Alimentarius has
placed restrictions on the international marketing of dairy
products whose milk has initially undergone lactoperoxidase
treatment (s-LP) [10]. Thus, breeders use several traditional
methods to stabilize raw milk. However, in Niger, there is no
official scientific study on traditional practices for preserving
raw milk, hence the interest of this study whose objective is to
contribute to improving the conservation of raw milk in the
Sahel of Niger.

Materials and Methods

Type of study

This is a diagnostic study of an experimental nature; it was
conducted in the cities of Maradi and Konni in the Sahel of
Niger.

Data collection

The diagnostic survey data were collected through a semi-
structured individual questionnaire. The non-probabilistic
snowball method was used with the main target to interview
were farmers and milk sellers [8]. As part of this study, survey
forms were developed to enable the collection of individual
information.

Laboratory test

Both technical materials (Mohr burette and its support, a
sodium hydroxide solution, distilled water, a bottle of 0.05%
phenolphthalein, a 100 mL graduated cylinder, a 10 mL
cylinder, a beaker labeled milk, a beaker labeled dosage, a
water heater, a 4 L can, 1 L bottles, a funnel, a fine mesh sieve
to filter the milk, pH paper, a scale, an oven), and biological
(Milk, Vigna unguiculata with (1 g/L milk), Xylopia ethiopica
(1.2 g/L milk), Capsicum annuum (1.3 g/L milk), and Zingiber
officinale (2 g/L milk)) were of technical grade.

Methods

Initially, the milk was collected in 4L cans previously washed
with hot water, from the breeders of the Maradi breeders’
center. Thus, a quantity of 2.5 L was distributed into 5 of 1L
bottles, with a proportion of 0.5L each. The 4 stabilization
products were each incorporated into one of the 1L bottles as
follows: Vigna unguiculata grains (1 g/L), Xylopia ethiopica
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(1.2 g/L), Capsicum annuum (1.3 g/L), Zingiber officinale (2
g/L) and the fifth bottle constitutes the control bottle (no
addition of stabilization products). The experiment was carried
out at room temperature (33 + 5°C) and 4°C (in a refrigerator).
At room temperature, the bottles are not closed with caps but
with clean coton. The titration was carried out every day by
taking a volume of 30 mL in each sample, and the experiment
was repeated three times.

The Dornic degree in milk of the samples at room temperature
and refrigerator were determined for 5 days. A sample of milk
is titrated with a potassium hydroxide solution. First, the
burette is filled with the potassium hydroxide solution, and the
liquid level is adjusted to the zero level of the burette by
pouring the excess into the beaker. Using a measuring cylinder,
20 mL of milk is taken and poured into the beaker. 100 mL of
distilled water was added using a graduated cylinder, 30 mL
was taken and 3 drops of phenolphthalein (0.05%) were added.
Then, the beaker was placed under the burette pour the
potassium hydroxide solution quickly until reaching the
turning point for at least 10 seconds. The value of the poured
potassium hydroxide volume is then noted. Empty the dosing
beaker, and repeat the same manipulation as before. And for
the samples stored at room temperature and in the refrigerator
were carried out in triplicate per day for 5 days each.

Statistical analysis

All experiments were conducted in triplicates and statistical
analysis was performed using IBM-SPSS Inc. Software
(version 25.0). One-way analysis of variance (ANOVA) was
used to determine significant differences between means, with
significance the level taken at (P<0.05). Duncan test was used
to compare multiple means, with the significance level P<0.05.
The chi-square test and hierarchical ascending classification
were done with R software version 4.2.3.

Results

The survey revealed that predominantly females represented
74% and 26% of men in Maradi and 100% of women in Konni
(Figure 1).
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Figure 1. Distribution of survey respondents by gender.

This study shows that the age groups of our respondents vary
from 15 to 75 years in Maradi and from 27 to 62 years in
Konni. The most represented age group is that of 15 to 30
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years or 52% in Maradi and in Konni the most represented is
that of 39 to 47 years or 50%.

The results of the survey showed that Guinea pepper (94%)
was the most used, followed by chili (81.5%) and cowpea
(63%), and ginger was the least used with only 2% (Figure 2).
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Figure 2. Frequency of use of milk stabilizing products
(Cowpea, Guinea pepper, Ginger, and Chili).

There is a significant difference (p-value=0.0000) between the
city and the preference for the traditional milk stabilizer used.
The results demonstrated a very strong association between the
city of Konni on the preference for chili pepper. The city of
Maradi is strongly associated with the preference for Guinea
pepper and a weak positive association with cowpea (Figure 3).

Maradi

X-squared = 128.11, df = 2, p-value < 2.2e-16

Figure 3. Correlation between city and preference for
traditional milk stabilizer products (Cowpea, Guinea pepper,
Ginger, and Chili).

It was found significant difference (p-value=0.000) between
ethnicity and preference of these traditional milk stabilizers
used. The results show that there is a very strong association
between the Hausa ethnic group and the preference for
Cowpea. The Fulani ethnic group is strongly associated with
the preference for Guinea pepper and chili; the other ethnic
groups have an association with the preference for Guinea
pepper and cowpea (Figure 4).
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Figure 4. Correlation between ethnicity and preference for
traditional milk stabilizer products (Cowpea, Guinea pepper,
Ginger, and Chili).

The classification carried out on the survey individuals reveals
5 classes (Figure 5).

Class 1 (cluster 1) represents individuals sharing the high
values for the variable cowpea and the low values for Guinea
pepper and Chili from the most extreme to the least extreme.
These are the Fulani ethnic group with no level of education in
the city of Maradi.

Class 2 (cluster 2) showed individuals sharing variables whose
values do not differ significantly from the average; that is the
other ethnic groups with Koranic and primary education levels
in the city of Maradi.

Class 3 (cluster 3) comprises individuals sharing high values
for the variable ginger, and low values for the variable Chili
pepper. These are the members of the Hausa ethnic group with
a secondary level of education and single from the city of
Maradi.

Class 4 (cluster 4) appeared for individuals sharing high values
for the Guinea pepper variable, and low values for the cowpea
and ginger variables from the most extreme to the least
extreme. This class includes the Fulani with no level of
education in the city of Maradi.

Class 5 (cluster 5) represents individuals sharing high values
for the chili and Guinea pepper variables from the most
extreme to the least extreme. This class concerns the Hausa
ethnic group with a Koranic and primary level of education in
the city of Konni.
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Figure 5. (a) Left Hierarchical Ascending Classification of

individuals; (b) Right Hierarchical tree on the factorial plane.

The monitoring of stabilization according to the products
(cowpea, guinea pepper, ginger, and chili) used by comparison
of the average Dornic acidity between products is shown in
Table 1.

Table 1. Comparison of the average Dornic acidity between the different kinds of kinds of milk containing stabilizers
(cowpea, guinea pepper, ginger, and chili) stored at a temperature of 4°C.

Times

Stabilizers Day 1 Day 2 Day 3 Day 4 Day 5

Cowpea 21.062 + 0.00 21.062 + 0.00 25.922+0 34.022+0 42.662 + 0.93

Guinea pepper 21.062 + 0.00 25.922 + 0.00 42.12°+0 75.600 + 0.87 81.54° + 0.93

Ginger 21.062 + 0.00 25.922 + 0.00 42.66° + 0,93 78.84°+ 1.87 91.26°+0.93

Chili 21.062 + 0.00 25.922 + 0.00 35.642 + 0.00 75.60° + 0.93 98.049 £ 0.

Control 22.682 + 0.00 32.402 + 00.00 62.109 £ 0.935 78.84°+ 1.87 86.94° + 2.47

P-value - - 0.000™ 0.000™ 0.000™

“": Highly significant; --: Does not follow a normal distribution; Values are means + standard deviation of three determinations. Columns with different letters indicate
statistical differences (P<0.05). Values followed by the same letter (a, b, c, d) in the same column are not significantly different (P<0.05).

From the results in Table 1, there is no difference in effect
between the four stabilizers during days 1 and 2. The difference

in means is statistically significant on days 3; 4 and 5, and
cowpea has the lowest mean.

Table 2. Comparison of the average Dornic acidity between the different kinds of milk containing stabilizers (cowpea, guinea

pepper, ginger, and chili) and stored at ambient temperature.

Times
Stabilizers Day 1 Day 2 Day 3 Day 4 Day 5
Cowpea 80.462 + 4.07 123.122£9.72 172.802 £ 4.07 214.382 £ 2.47 249.482+3.24

Guinea pepper

89.10%0 + 10.62

132.842 + 8.57

172.80% + 11.37

212.762 £ 4.94

238.68 + 4.94

Ginger 89.64b + 6.48 136.08° + 3.24 190.08° + 4.94 222.48% + 4.94 260.82° + 1.62
Chili 89.6420 + 9.89 136.08° + 3.24 174.422 + 2.47 217.622 + 8.92 245.16b2 + 4.94
Control 101.52 + 8.15 139.320 + 3.24 169.022 + 7.30 213.842 +4.28 252.182 + 2.47
P-value 0.051 0.077 0.026" 0.268 0.000™

*: Highly significant; : significant; Values are means = standard deviation of three determinations. Columns with different letters indicate statistical differences (P<0.05).
Values followed by the same letter (a, b, c) in the same column are not significantly different (P<0.05).

The results revealed (Table 2) a significant difference on the
3 and 5% days among the samples. On the 5™ day, Guinea
pepper has the lowest mean; however, ginger has the highest
mean value.

Discussion

The results obtained from this study showed that more women
than men practice this activity. Indeed, women represent 74%
of the total population, against 26% of the men in Maradi and
100% of the women in Konni. The age of the people surveyed

varies from 15 to 75 years old in Maradi, while it varies from
27 to 62 in Konni. The people surveyed have a low level of
education, with 77% of them having received no literacy in
Maradi against 59% in Konni. This study also shows that the
main activity of the people surveyed is livestock breeding
(66% in Maradi against 50% in Konni); the second main
activity is trade, which represents 34% in Maradi against 50%
in Konni. Regarding the method of obtaining raw milk, the
people surveyed were mainly breeders in Maradi (63%)
compared to 50% in Konni.
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Regarding the methods of preserving the raw milk in the study,
the survey revealed four ways; namely, preservation with Vigna
unguiculata (cowpea), preservation with Xylopia aethiopica
(guinea pepper), preservation with Capsicum annuum (chili),
and preservation with Zingiber officinale (ginger). Eight
percent (8%) of the respondents in Maradi said to obtained raw
milk from the local market compared to 29% in Konni; 92%
obtained raw milk from the farm in Maradi compared to 71%
in Konni. It should be noted that normal milk has a pH
between 6.5 and 6.7. In this case, the milk was already at pH
5.5. A good milk has a Dornic degree between 15 and 18°D.
However, in this study, the milk had a Dornic degree of 19°D.
Nevertheless, the traditional condition and materials in the
study though aseptically carried out might have affected the
results even though within the error range [11-13].

The results from samples stored at the temperature of 4°C
showed that milk stabilization with cowpeas was the most
effective method. Indeed, out of the 4 methods, it was the
cowpea alone that gave significant results compared to the
control samples. The method with chili was the least among
the other counterparts; maybe due to the effect of low
temperature and likely the other milk component interactions
during the storage [14]. However, from day 4, it is the method
of stabilization by adding ginger that seems to be the least
suitable.

On the other hand, at room temperature, the evolution of the
degree of stabilization with Guinea pepper happened to be the
most effective in the stabilization of raw milk in the Sahel of
Niger with lower values than the other stabilization methods
used in the study. Cowpea disclosed slightly higher Dormic
degree values than those obtained by the method involving the
addition of guinea pepper, and lower values than the other
stabilization methods. Indeed, the most appreciated method by
all the people surveyed is that with guinea pepper. Overall,
stabilization with ginger was less appreciated with higher
values than the method with guinea pepper grains. For
stabilization with capsicum, we note higher Dormic degree
values than that of stabilization with guinea pepper or with
cowpea, and lower values than stabilization with ginger and the
control samples. However, this stabilization method is not
appreciated globally compared to the other stabilization
methods. For the stabilization with the control samples that did
not contain any stabilizing product, divulged higher values of
the Dornic degree than all the other traditional stabilization
methods on the first two days of the study. However, on day 5
the values were quite close to those obtained with the
stabilization with cowpea. These results corroborate the
previous work on the Dornic degree [15,13].

All these results show us the evolution of the Dornic degree of
raw milk at room temperatures and 4°C temperature of
refrigeration. At room temperature, the Dornic degree evolved
very quickly to reach high values. However, stabilization with
guinea pepper was the most appreciated, followed by
stabilization with cowpea seeds. The degree of stabilization of
raw milk varies with the products used to preserve the milk and
the temperature depending on the storage time. Moreover, in
the Sahelian context, where average ambient temperatures
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remain very high all year round, the variation in the degree of
stabilization is a very difficult factor to control. As a result, the
conservation of raw milk requires even more rigorous
conditions.

Previously, studies have focused on the method of preserving
raw milk using the lactoperoxidase system (s-LP) in West
Africa. From this work, it appears that in the Sahel of Niger,
despite the extreme conditions of air and milk temperature and
the fairly limited hygiene conditions for milking and
transporting raw milk, the s-LP treatment made it possible to
stabilize the bacterial evolution of the milk for 4 or 5 hours
with temperatures between 33 and 35°C [16].

However, it is appropriate to further study this type of
traditional stabilization method in the dry Sahel of Niger,
where milk spoils very quickly and the installation of
refrigeration technologies is insufficiently developed and too
costly. Indeed, very often raw milk sellers are forced to sell the
product as soon as it is obtained or to process it to increase the
shelf life, so they may be able to market the product on
surrounding markets, which can be quite far away [17,18].

Conclusion

It can be concluded this study that focused on traditional
techniques for preserving or stabilizing raw milk in the Sahel
of Niger. Indeed, the work was conducted on two sites the city
of Maradi and that of Konni in Niger. The results unveiled four
methods using local products (cowpea, guinea pepper, ginger,
and chili) in stabilizing the raw milk to extend its shelf life to
be able to sell the product. Raw milk preservation with guinea
pepper was the most appreciated by the populations surveyed;
however, the effectiveness of stabilizing the raw milk depends
on the product used. The study confirms that the use of
traditional conservation methods, such as cowpea or guinea
pepper, coupled with refrigeration can appreciably prolong the
shelf life of raw milk. Hence, the use of those additive products
could be a good alternative source of natural conservative
substances for use in milk systems to prevent the growth of
foodborne microorganisms and extend the shelf-life of
processed milk in Niger.
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