
HAL Id: hal-03454709
https://uca.hal.science/hal-03454709

Submitted on 29 Nov 2021

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.

Distributed under a Creative Commons Attribution 4.0 International License

Relative importance of the bacteria Brucella,
Salmonella, Staphylococcus and other indicator bacteria

in some mountain farm waters in West-Cameroon
(Central Africa) and the potential role of some

environmental factors
Pierrette Ngo Bahebeck, Mireille Ebiane Nougang, Paul Alain Nana, Claire

Stéphane Metsopkeng, Antoine Tamsa Arfao, Olive Vivien Noah Ewoti,
Luciane Marlyse Moungang, Stephen Lacmata Tamekou, Henri Bayemi

Pougue, Fanny Perrière, et al.

To cite this version:
Pierrette Ngo Bahebeck, Mireille Ebiane Nougang, Paul Alain Nana, Claire Stéphane Metsopkeng,
Antoine Tamsa Arfao, et al.. Relative importance of the bacteria Brucella, Salmonella, Staphylococcus
and other indicator bacteria in some mountain farm waters in West-Cameroon (Central Africa) and
the potential role of some environmental factors. World Journal of Advanced Research and Reviews,
2020, 08 (02), pp.081-094. �10.30574/wjarr.2020.8.2.0396�. �hal-03454709�

https://uca.hal.science/hal-03454709
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://hal.archives-ouvertes.fr


World Journal of Advanced Research and Reviews, 2020, 08(02), 081–094 

World Journal of Advanced Research and Reviews 
e-ISSN: 2581-9615, Cross Ref DOI: 10.30574/wjarr 

Journal homepage: https://www.wjarr.com 

 Corresponding author: Moïse Nola ; Email:  
Laboratory of Hydrobiology and Environment, Faculty of Sciences, University of Yaoundé I, P.O. BOX 812, Yaoundé, Cameroon.  

Copyright © 2020 Author(s) retain the copyrig0ht of this article. This article is published under the terms of the Creative Commons Attribution Liscense 4.0. 

(RE SE AR CH AR T I CL E) 

Relative importance of the bacteria Brucella, Salmonella, Staphylococcus and other 
indicator bacteria in some mountain farm waters in West-Cameroon (Central Africa) 
and the potential role of some environmental factors 

Pierrette Ngo Bahebeck 1 2, Mireille Ebiane Nougang 3, Paul Alain Nana 4, Claire Stéphane Metsopkeng 1, 
Antoine Tamsa Arfao 1, Olive Vivien Noah Ewoti 1, Luciane Marlyse Moungang 1, Stephen Lacmata Tamekou 
5, Henri Bayemi Pougue 2, Fanny Perrière 6, Télesphore Sime-Ngando 6 And Moïse Nola 1 * 

1 Laboratory of Hydrobiology and Environment, Faculty of Science, University of Yaoundé I, P.O. BOX 812, Yaoundé, 
Cameroon. 
2 Institute of Agricultural Research for Development (IRAD), Yaoundé, P.O. BOX 2067 Yaoundé, Cameroon. 
3 Zoology Laboratory, Faculty of Sciences, University of Maroua, P.O.BOX 814 Maroua, Cameroon. 
4 Department of Oceanography and Limnology, Institute of Fisheries and Aquatic Sciences, University of Douala, P.O.BOX 
7236, Douala, Cameroon. 
5 Research Unit of Microbiology and Antimicrobial Substances (RUMAS), Faculty of Sciences, University of Dschang, P.O. 
BOX 67, Dschang, Cameroon. 
6 Laboratoire « Microorganismes : Génome et Environnement (LMGE) », Université Clermont Auvergne, Aubière cedex, 
France. 

Publication history: Received on 15 October 2020; revised on 27 October 2020; accepted on 30 October 2020 

Article DOI: https://doi.org/10.30574/wjarr.2020.8.2.0396 

Abstract 

A bacteriological and physicochemical study was conducted in the waters of farms in mountainous regions of Cameroon. 
The different water samples were collected during two campaigns in December 2018 and February 2019. Ten stations 
representing the drinking water supply points in our study area were identified. The results showed that these waters 
contained both pathogenic and commensal fecal bacteria. The highest abundances reached 10x103 CFU/100mL for 
Salmonella sp., 72x103 CFU/100mL for Staphylococcus aureus, 102x103 CFU/100mL for Brucella suis and 40x103

CFU/100mL for Brucella abortus. These abundances were subject to space-time fluctuations. Water contamination by 
tweezers was not general and was present only in surface waters (rivers and ponds). The water in the ponds, rivers and 
wells analyzed were all basic, with low mineralization on average. The dissolved oxygen ranged from 37.5 to 70.6%, 
nitrate from 3.7 to 19.8 mg/L and iron from 0.01 to 3.5 mg/L. Most of the physicochemical parameters were relatively 
stable during the two campaigns. The degree of correlation between the physicochemical parameters and the 
abundance dynamics of the isolated bacteria was heterogeneous. This was clearly more pronounced with Salmonella sp. 
and Brucella suis. This would be due to the fraction of metabolically active cells present when the bacteria are exposed 
to unfavorable conditions. Correlations with the abiotic factors were less marked with Staphylococcus aureus and 
Brucella abortus; this would be due to their tolerance to environmental stresses.  

Keywords:  Brucella abortus; Brucella suis; farm water; physicochemical parameters; Salmonella sp.; Staphylococcus 
aureus 

1. Introduction

Water is of paramount importance as a vital nutrient involved in many essential physiological functions such as 
digestion, absorption, thermoregulation and waste disposal [1]. Its availability and quality are key parameters in the 
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health and productivity of livestock [2]. The physicochemical properties of water such as temperature, pH, dissolved 
oxygen, organic matter and the concentration of available nutrients can affect the growth rate of the microorganism’s 
present [3].  

Bacteria are generally the most abundant microorganisms in water. Some of the most commonly encountered 
pathogenic bacteria are salmonella and staphylococci [4,5]. Indeed, many strains of Salmonella have been incriminated 
as an etiological agent of childhood diarrhoea in humans, diarrhoea, urinary tract infections, gastroenteric infections, 
meningitis and septicaemia in animals [6]. Salmonella is of considerable importance in the veterinary and medical fields. 
This is due to the economic losses due to production losses, seizures and costs incurred by prevention methods and 
their monitoring, as well as the high incidence of collective food-borne infections, in a context where a high level of food 
safety is demanded by the consumer [7]. The survival of Salmonella in water would be linked to the availability of 
nutrients and competition with native bacteria [5]. 

Staphylococcus aureus is a major public health issue. It is responsible for a wide variety of infections. Several antibiotic-
resistant strains have been encountered in certain production animals such as swine and poultry. They constitute a risk 
of transmission to humans via the food chain. They can form biofilm which increases their tolerance to environmental 
stresses and are very virulent due to its many virulence factors [4].  

Brucella are facultative intracellular pathogens, parasites of the reticulohistiocytic system [8]. They are pathogenic to 
many mammalian species, both domestic and wild. Some Brucella species are pathogenic to humans: Brucella melitensis 
(transmitted by goats and sheep), Brucella abortus (cattle), Brucella suis (pigs) and Brucella canis (dogs) [9,10,11]. 
Infected animals spread Brucella in the environment, through their "waters" during abortion or calving, their placenta, 
their vaginal secretions in infected females, or through milk. These bacteria are resistant for several months (on average 
3 months) under natural storage conditions (milk, cheese, feces, soil, water, stable walls or sheepfolds), which may have 
practical consequences for the contamination of humans [12,13].   

In Cameroon, data on the prevalence of brucellosis are fragmentary. Prevalence’s ranging from 3% to 31% in cattle at 
the individual level, from 16.2% to 35% in herds in the Northern, Adamaoua and Western regions and from 0.28% to 
12.5% in humans in the Adamaoua region have been reported [14,15]. However, there are no data on the isolation of 
Brucella sp. bacteria from aquatic environments in Cameroon. It is therefore difficult to determine precisely the nature 
and extent of the health risks that could be incurred by those animals which consume these waters. Few studies have 
been carried out on the characterization of farm water in the equatorial zone in Cameroon. The aim of this study is to 
characterize the bacteria Brucella sp., Salmonella sp. and Staphylococcus aureus in farm water in mountainous regions 
of Cameroon, and to evaluate the potential role of abiotic factors.   

2. Material and methods 

2.1. Study area  

The study was conducted in Nde Division located in a mountainous region of Cameroon. It is located between 5°12' 
North latitude and 10'23° East longitude. The Division is divided into 4 district areas Bangangte, Bassamba, Bazou and 
Tonga (Figure 1). The Nde Division has a total surface area of 17,300 km2 and is home to more than 1,728,953 
inhabitants, with an average density of 100 inhabitants/km2 [16]. 

This area is characterized by the temperate sudano-guinean climate which is influenced by the western mountain range 
with two seasons: a rainy season that extends from mid-March to mid-November and a dry season that extends from 
mid-November to mid-March. Temperatures range between 14 and 28 °C with a strong daily variation. The relief varied 
over its entire extent. It includes plains, plateaus, riverine mountains, hills, valleys, as well as floodplains and swamps 
suitable for rice cultivation. The soils are fertile and suitable for perennial and food crops. The nature of the soils varies 
according to the relief. They are ferralitic and yellow-brownish on the plateaus and hills, sandy, clayey, ferralitic and 
lateritic brown on the plains, clayey, calcareous and poorly developed on the slopes and hillsides, and hydromorphic in 
the valleys [17]. A subsoil whose mining potential would be established by in-depth geological studies contains bauxite, 
tin oxide, copper, pozzolan and thermal mineral waters. The hydrography of the department is characterized by the 
existence of numerous rivers, ponds and pools. There is also an abundant and varied flora and vegetation with natural 
forests rich in game and species and vast expanses of shrubby savannah. Soil fertility reduces the use of chemical 
fertilizers in the Division [17].   
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Figure 1 Map of the geographical location of the study area 

2.2. Sampling  

Two water sampling campaigns have been conducted: one during December 2018 and the other during February 2019. 
To evaluate the bacteriological and physicochemical characteristics of the water of the farms in the Division, 16 farms 
were approached where the drinking water came from 10 water sources (PW1, PW2, R1, R2, R3, R4, W1, W2, W3, W4) 
(Table 1). The main criteria for selecting farms were the availability of at least 10 animals, their geographical 
distribution and their water source. These water stations were chosen because of their interest for the population: they 
are the main sources that supply the farms in these communes (Table 1).  

Table 1 Some characteristics of sampling sites 

Farms Water supply sources Animals  

F1 Pond 1 (PW1) Pigs 

F2 Pond 2 (PW2) Pigs 

F3 Pond 2 (PW2) Pigs 

F4 River 1 (R1) Pigs 

F5 River 1 (R1) Pigs 

F6 River 1(R1) Pigs 

F7 river drained to a water tower equipped with surface hand pumps (R2) Pigs 

F8 River drained to a water tower equipped with surface hand pumps (R2) Poultry 

F9 River 3 (R3) Poultry 

F10 River 3 (R3) Poultry 

F11 River (R3) Poultry 

F12 River 4 (R4) Cattle 

F13 Well 1 (W1) Poultry 

F14 Well 2 (W2) Poultry 

F15 Well 3 (W3) Poultry 

F16 Well 4 (W4) Poultry 
F: Farm 

Random samplings have been carried out in the water stations that were dispersed in the different boroughs of our 
study area. Two water samples were taken from each station. The water samples for bacteriological analysis were taken 
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in 500 mL dry sterile glass vials. These vials were filled 3/4 full of water to allow homogenization prior to seeding. Water 
samples for physicochemical analysis were collected in 1000 mL polyethylene bottles which were thoroughly washed, 
rinsed and dried. At each station, these bottles were first rinsed in the field with the water to be analyzed, then filled to 
the brim and capped to limit outgassing [18]. All samples were then transported to the laboratory in a refrigerated 
chamber for analysis. 

2.3. Bacteriological analyses  

The germs sought were isolated on solid culture media by surface spreading techniques. 100 μL of the sample were 
taken with a micropipette and spread on agar cast in a Petri dish around the sterility diameter defined by the flame of 
the Bunsen burner [19].  

The identification of the different species was carried out according to the usual biochemical criteria [20]. Mesophilic 
aerobic heterotrophic bacteria (MAB), total coliforms (TC), fecal coliforms (FC), fecal streptococci (FS) (Enterococcus 
feacalis (E. feacalis)), Staphylococcus aureus (S. aureus), Salmonella sp., Brucella suis and Brucella abortus were isolated. 
The total aerobic mesophilic flora was isolated on Plate Count Agar (PCA) medium by the surface spreading technique 
[21]. Staphylococci, FS, salmonella, TC and FC were isolated on Chapman, Bile Esculin Azide (BEA), Wilson Blair and 
Endo culture media, respectively [21]. The tweezers were isolated and cultured on Brucella agar made selective by 
addition of cycloheximide, bacitracin, polymyxin B, nalidixic acid, nystatin, vancomycin (Brucella supplement) in an 
atmosphere containing 5 to 10% CO2 for 2 days of incubation [22]. All visible suspect Brucella sp. colonies were sub-
cultured, typed and identified using standard microbiological procedures [8]. With the exception of the fecal coliforms 
(FC) which were isolated at 44°C, the other bacteria were isolated at 37°C. 

2.3.1. Identification of the Brucella species  

Brucella species isolated were biotyped according to their morphology (translucent, round, even-edged colonies 2-3 
mm in diameter and smooth colonies 1-2 mm) and other characteristics such as oxidase, urease and catalase reactions, 
hydrogen sulfide (H2S) production, growth in the absence of carbon dioxide (CO2) and growth in the presence of the 
basic dyes fuchsin and thionine [22] (Table 2). 

Table 2 Differentiation of Brucella species 

Bacterial 
Species  

Cells chemical reaction 

CO2 requirement H2S Training Thionine Basic fuchsin 

1:600 1:200 

B. abortus + + - + 

B. suis - + + - 

B. abortus: Brucella abortus; B. suis: Brucella suis; +: positive reaction; - : negative reaction. 

2.4. Physicochemical analysis  

Physicochemical analyses were performed according to the techniques recommended by Rodier and APHA [19, 23]. The 
parameters considered were potential hydrogen (pH), temperature, color, suspended solids (SS), turbidity, dissolved 
oxygen (dissolved O2), nitrates and iron. The water temperature and pH were measured in-situ using a Wagtech 
portable multi-parameter (waterproof) meter. The water color, SS and turbidity were evaluated by spectrophotometry 
and the results were expressed in Platinum Cobalt Units (Pt.Co), Milligrams per liter (mg/L) and Formazin Turbidity 
Unit (FTU). The dissolved O2 content of the water was determined in the field using a Hanna oximeter, model HI 9146, 
and the result was expressed in percent saturation (%). The concentrations of nitrates and iron were evaluated using a 

spectrophotometry were expressed in mg/L. 

2.5. Data analysis  

The SPSS version 16.0 software was used for statistical analysis after encoding the data in Excel. Principal Component 
Analysis was used to investigate possible relationships and correlations between the parameters analyzed.  
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3. Results and discussion 

3.1. Microbiological parameters 

The concentration of HAB ranged from 85x103 to 21920x103 CFU/100mL. The averages for the first and the second 
campaign were 4305x103 and 4597x103 CFU/100mL respectively. The highest abundance was recorded at the R4 level 
and the lowest was at the station W1 (Figure 2A). 

 

Figure 2 Variation in HAB (A), total coliforms (B), fecal coliforms (C) and Enterococcus faecalis (E. faecalis) at the 
stations studied during the two campaigns (campaign 1 and campaign 2). 

The TC abundance ranged from 10x103 to 1278x103 CFU/100mL. The averages for the two periods were 338x103 and 
352x103 CFU/100mL respectively. The highest abundance was recorded at R2 and the lowest was at W3 (Figure 2B). 

The FC were of about 47x103 CFU/100mL. The maximum abundance was recorded at R2 (218x103 CFU/100mL) and 
the minimum was at station W4 (4x103 CFU/100mL) (Figure 2C). The highest cells abundance could be linked to the 
presence of a source of microbial pollution due to the accumulation of fecal matter (animal and human excreta) in the 
water. Belghiti et al [24] also found FC in wells drinking livestock in the Meknes area in Morocco. TC and FC are 
considered among the most common and frequently used indicators of fecal water contamination in health risk 
assessment. These indicators are considered "pathogenic indicators" because of the increased risk of gastrointestinal 
and associated respiratory diseases [7]. 

In addition, the water for the farms in this Division comes mainly from surface water. Indeed, in mountainous areas, 
streams and other surface water sources are the most used [13]. These waters are vulnerable to microbiological and 
chemical pollution due to discharges related to human activities and runoff [25].  

Abundance of fecal streptococci (FS) reached 84x103 CFU/100mL. Their averages varied from 6.5x103 to 19.7x103 
CFU/100mL respectively for campaign 1 and 2, with a maximum value recorded at station R1 (Figure 2D).  
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The FS, TC and FC were exclusively from the intestines of warm-blooded animals, including humans, and their presence 
in water may be an indication of fecal contamination and the presence of other dangerous pathogenic microorganisms 
[26,27].  

Testing for FS is a confirmatory parameter for the fecal nature of pollution. Thus, if TC organisms are found in a water 
sample, the identification of FS will provide important confirmation of fecal pollution [28]. The quantification of the 
fecal contamination flora has allowed us to follow the evolution of the TC/FS ratio at the level of the stations. Most of 
the ratios found remain above 4; this indicates pollution of human origin.  

For Salmonella, the average cells abundance in the studied sites was of the order of 2.4x103 and 2.2x103 CFU/100mL for 
campaign 1 and 2 respectively, with a maximum value recorded at station R1 (10x103 CFU/100mL) (Figure 3E). 
According to Jajere [29], at the bacteriological level, it is the risk of salmonellosis that represents the first danger in a 
farm. Indeed, salmonellosis is of considerable importance in the veterinary and medical field. This is due to the economic 
losses due to reproductive failures and the costs of prevention methods and their follow-up, as well as the high incidence 
of food poisoning in the consumer [7].   

For all the samples analyzed, the Staphylococcus aureus abundance reached 72x103 CFU/100mL. Only station R4 was 
free over the two campaigns, the averages of the two campaigns were respectively 11.1x103 and 10.8x103 CFU/100mL 
(Figure 3F). S. aureus is responsible for many clinical forms, sometimes extremely severe (staphylococcal toxic shock, 
necrotizing pneumonia, etc.). The severity of S. aureus infections is linked on the one hand to host susceptibility, and on 
the other hand to the finely regulated expression of virulence factors [30]. Several antibiotic-resistant strains have been 
found in animals. Close human-animal contact and the use of antibiotics in animals seem to be the most likely causes of 
the emergence of these strains [4].  

The abundance of Brucella suis and B. abortus reached respectively 102x103 CFU/100mL and 40x103 CFU/100mL. The 
highest abundances were recorded at the R3 level for both species. Only wells (W1, W2, W3, W4) were free of Brucella 
suis and B. abortus during the both campaigns (Figure 3G and 3H). 

 

Figure 3 Variation in Salmonella sp. (E), Staphylococcus aureus (S. aureus) (F), Brucella suis (G) and Brucella abortus 
(H) at the stations studied during the two campaigns (campaign 1 and campaign 2). 

Brucella sp. are facultative intracellular bacteria that can survive for more than two months in water at 20°C and 
replicate [12].  Indeed, as highlighted by studies on Escherichia coli, adaptation to a new environment depends on the 
fraction of metabolically active cells present when the bacteria are exposed to adverse conditions, as well as on the 
bacterial load [31]. Indeed, evolution is a fundamental multifactorial concept that has shaped the Brucella sp. genome 
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over thousands and millions of years. The time scale of adaptation to a host/ecosystem includes on the one hand rapid 
changes (regulatory systems, DNA repair systems, systems of resistance to extreme environmental conditions), and on 
the other hand complex processes of evolution and speciation [32]. Therefore, understanding the mechanisms of 
adaptation, i.e. the ability of bacteria to undergo modifications to increase their ability to react to stress, is an important 
first step in the global approach to the question of evolution. Indeed, studies aimed at elucidating the mechanisms of 
short-term adaptation to environmental change have already been carried out on multi-host bacterial populations of 
pathogens other than Brucella sp. such as Escherichia coli and S. aureus [31,33,34]. The aim is to define the anatomical 
adaptive properties of bacterial pathogens that can be described in terms of changes in regulatory processes or adaptive 
mutations (point mutation or horizontal gene transfer). 

Brucella abortus naturally affects cattle, but can also affect other domestic and wild ruminants and B. suis has pigs as a 
reservoir [35]. Brucellosis in animals manifests itself mainly by causing abortion enzootics, infertility and lesion 
formation in the lymphatic system and joints [36]. These microorganisms are classified as zoonotic pathogens and can 
therefore be transmitted to humans [12]. Brucellosis in humans is difficult to assess because of its clinical 
polymorphism. It is most often confused with infections such as malaria and typhoid fever. It manifests itself in the form 
of fevers, muscle and joint pain, aches and pains, asthenia, profuse night sweats, sexual and psychological disorders 
[37]. In pregnant women, brucellosis can be responsible for abortions, premature deliveries and death in utero, 
particularly during the first trimester of pregnancy [38].  

3.1.1. Relative frequencies of isolated bacteria 

In station PW1, HABs largely predominated with a relative frequency of 91%. TCs were the second most abundant group 
(16%). The relative frequencies of the other germs were 0% (FC), 0% (Salmonella sp.), 1% (FS), 1% (S. aureus), 1% (B. 
suis) and 0% (B. abortus) (Figure 4). In station PW2, HAB dominated with a relative frequency of 88%. TCs were the 
second most abundant group (10%). The relative frequencies of the other germs were 1% (FC), 0% (Salmonella), 0% 
(FS), 0% (S. aureus), 1% (B. suis) and 0% (B. abortus) (Figure 4). 

 

Figure 4 Relative frequency of each group of bacteria studied in the ponds 

At the river level, HABs largely predominated with relative frequencies of 65, 64, 95 and 91% respectively in stations 
R1, R2, R3 and R4. TCs were the second most abundant group (30, 31, 3 and 1% respectively). The relative frequencies 
of the other germs were 2, 5, 1 and 0% respectively for FC, 2, 0, 0 and 0% respectively for FC and 1, 0, 1 and 0% 
respectively for B. suis in stations R1, R2, R3 and R4. For Salmonella sp. and B. abortus, their relative frequencies were 
0% for all rivers analyzed (Figure 5).  



World Journal of Advanced Research and Reviews, 2020, 08(02), 081–094 

88 
 

 

Figure 5 Relative frequency of each group of bacteria studied at the River level 

In wells, HABs predominated with relative frequencies of 85, 83, 87 and 86% respectively in stations W1, W2, W3 and 
W4. TCs were the second most abundant group (9, 13, 9 and 11% respectively). The relative frequencies of the other 
germs were 3, 3, 3 and 2% respectively for FCs, 1, 0, 0 and 0% respectively for Salmonella sp. and 2, 1, 1 and 1% 
respectively for S. aureus in stations W1, W2, W3 and W4. For FS, B. suis and B. abortus, their relative frequencies were 
zero in all wells tested (Figure 6). 

 

Figure 6 Relative frequency of each group of bacteria studied at river level 
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HAB are the groups of bacteria with the highest counts. According to Health Canada [39], the purpose of aerobic 
bacterial flora enumeration is to estimate the density of the general bacterial population. Salmonella and B. abortus had 
the lowest relative frequencies in the waters tested. This would be related, as reported by Djaouda et al [5], to nutrient 
availability and competition with native bacteria.  

3.1.2. Typology of farm waters according to their microbiological characteristics 

The principal component analysis of the bacteriological variables studied during the December and February is 
presented in figure 7, showing that the first and second axis explain 43.27% and 25.47% of the variance respectively. 
These two axes account for 68.74% of the information. The first axis separates the stations according to their degree of 
contamination (Figure 7B). The second axis is strongly dependent on the indicator variables of hygienic quality of the 
samples analyzed (TC, FC, Salmonella and E. faecalis) which pull it in the positive direction, as opposed to S. aureus, B. 
suis and B. abortus which pulls it in the negative direction (Figure 7A). 

 

Figure 7 Result of the Principal Component Analysis (PCA) carried out on the physicochemical variables measured in 
the different stations during the study period: (A’) Biplot showing the distribution of the stations with respect to their 

physicochemical characteristics in the factorial plane F1 x F2; and (B’): Regrouping of different sampling stations in 
the factorial plane F1 x F2. 

3.2. Physicochemical parameters  

The measured physicochemical characteristics are shown in figure 8. The temperature values ranged from 16 to 27°C.  
The lowest values were observed at site W1 and the highest at sites PW1 during the two campaigns (Figure 8A). Water 
temperature is an important factor because it governs almost all physical, chemical and biological reactions. Abrupt 
changes in this parameter lead to a disturbance in the equilibrium of the water ecosystem [1]. According to Merhabi et 
al [40], surface water temperature is affected by fluctuations in precipitation and seasonal temperatures. The 
temperature of an underground environment depends on several factors, the most important of which are latitude and 
altitude [41]. Temperature affects the density and viscosity of water, the solubility of gases and the level of dissolved 
oxygen, as well as the speed of chemical reactions. 

Dissolved O2 values ranged from 37.5 to 70.6%. The highest values were found at site W3 during both December and 
February.  The lowest values were observed at R1 during the February campaign (Figure 8A). Dissolved oxygen 
influences the oxidation-reduction potential of water. This potential is decisive for the presence or absence of certain 
mineral and organic species [42]. Oxygen-depleted waters are highly reducing and may contain in solution ferrous iron, 
divalent manganese and in some cases even sulfides.  
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Figure 8 Physicochemical parameters measured during the two field campaigns in December (1) and February 
Tem: Temperature, DO: Dissolved oxygen, Turb: Turbidity, SS: Suspended solid 

The pH values ranged from 9.23 to 10.5 CU (Figure 8B). The pH values were basic at all sites. The results obtained are 
like those reported by Lemoufouet et al [2] in the Sahelian zone of Tchad, where the pH of ruminant drinking water 
ranged between 6.18 and 7.22 CU. This difference in pH obtained may be related to the nature of the basaltic soils 
crossed by the waters in our study area. The pH of a water depends on its origin and the nature of the soil it flows 
through [19]. The pH influences most of the chemical and biological mechanisms in water [1]. 

The water color has oscillated between 0 and 112 Pt.Co. The lowest values were recorded at the wells (W2, W3 and 
W4), and the highest at site R4 during the two campaigns (Figure 8B). The color results entirely from the extraction of 
decomposing organic matter, as well as from the dissolution of certain ions such as Fe, Mn and Cu [43]. According to 
Pelmont [44], these dissolved ions may promote bacterial growth, while others may facilitate the increase in the rate of 
cell adhesion. Also, color depends on factors such as temperature and pH, which influence the solubility and stability of 
the dissolved and particulate fractions of water [39].  

The water turbidity values ranged from 0 FTU (R4 and W3) to 6 FTU (sites R3) during December and from 0 FTU (W1 
and W3) to 12 FTU (site R1) during February (Figure 8C). The SS concentrations ranged from 0 to 14 mg/L in December 
and from 0 to 16 mg/L in February (Figure 8C). Sites W3 and W4 had the lowest SS levels and sites R1 and R3 the 
highest. Turbidity measurement allows the visual information on the water to be clarified. It indicates the presence of 
particles suspended in the water (organic debris, clays, microscopic organisms...). However, high turbidity can allow 
microorganisms to attach themselves to particles in suspension. Turbidity is inversely proportional to water 
transparency [45]. The SS includes organic and mineral particles transported in the water column. They represent the 
insoluble matter suspended in water. These particles are torn off by erosion due to rainwater [46]. Their abundance in 
water favors the reduction of luminosity and lowers biological production, which leads to a fall in dissolved oxygen and 
slows down photosynthetic activity [47], i.e. self-purification. According to Nisbert and Vernaux [48], SS are involved in 
the chemical and microbial composition of water through their ion exchange or adsorption effects and can also serve as 
a substrate for the growth of harmful organisms. 

Nitrate values ranged from 3.7 mg/L (R2) to 20.3 mg/L (PW2) during December and from 4.6 mg/L (R2) to 19.8 mg/L 
(PW2) during February. Nitrates are the dominant nitrogen form in surface and ground water. In the natural 
environment, its concentration rarely exceeds 0.45 mg/L. Higher values could be due to excessive leaching of organic 
wastes containing nitrates and the use of fertilizers in nearby agricultural fields [49]. Iron levels in the study sites ranged 
from 0.01 mg/L to 3.5 mg/L. The minimum values were recorded at site R4 and the maximum values at site PW2 during 
both campaigns (Figure 8D). 
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3.2. Correlation between the studied parameters 

The Spearman correlation coefficients between the parameters studied have calculated and the values are presented in 
Table 3. 

Table 3 Spearman correlation coefficients between the parameters studied 

Abiotic 
parameters 

considered 

Bacteriological parameters 

HAB TC FC FS Salmonella S. aureus B. suis B. abortus 

Temperature  0.521* 0.619** 0.503* 0.370 0.508* 0.155 0.691** 0.212 

O2 dissolved  -0.457* -0.736** 0.639** -0.379 -0.541* -0.394 -0.716** -0.350 

Turbidity  0.289 0.354 0.362 0.174 0.287 0.385 -0.526* -0.001 

Color  0.792** 0.415 0.504* 0.311 0.571** -0.021 0.686** 0.580** 

SS  0.622** 0.462* 0.501* 0.027 0.559* 0.127 0.702** 0.377 

pH  0.426 0.123 0.223 -0.146 0.509* -0.164 0.262 0.254 

Nitrates  0.241 0.038 -0.089 0.151 0.502* -0.191 0.341 0.178 

Iron  -0.014 0.485* 0.296 -0.095 0.426 0.009 0.423 0.044 

**: Correlation significant at the 0.01 level;  *: Correlation significant at the 0.05 level  

The results obtained show that changes in abiotic parameters such as temperature, dissolved O2, color and SS can lead 
to changes in the metabolic functions of the bacteria. These results are like those obtained by Lew et al [50]. These 
changes are less pronounced for FS, S. aureus and B. abortus and more pronounced in Salmonella sp. and B. suis.  

The activity level and physiological responses of individual bacterial cells are influenced by environmental and 
phylogenetic factors. It is unlikely that cells of different bacterial strains and taxa respond identically to environmental 
stimuli. There is many coexisting bacterial phylotypes in each bacterioplankton community, so there must be many 
metabolic and physiological responses to any combination of environmental factors, such as pH, temperature, supply 
rate, and the nature of organic substrates and nutrients [50]. On the other hand, the physiological structure of 
bacterioplankton is regulated by factors that influence the activity that is intentionally lost, because cells of a higher 
metabolic level are consumed by protists and infected by viruses [51]. Therefore, the contribution of these cells depends 
not only on cell division and activity rate, but also on the environment and the number of losses [52].  

4. Conclusion 

Surface and groundwaters from farms in the mountainous region of western Cameroon are alkaline and moderately 
oxygenated. Some are sometimes colorful and slightly turbid. The nitrate contents are sometimes higher than the norm. 
These waters host a diverse microflora including among others fecal coliforms, faecal streptococci, and species of the 
genus Salmonella, Staphylococcus, and Brucella. The nature and extent of relationships between bacterial groups or 
species and water abiotic factors depends on the considered parameters. The increase in temperature, color and SS has 
favored the growth of Salmonella sp. and B. suis. On the other hand, the high dissolved O2 content has considerably 
reduced the density of these bacteria. However, the variation in the physicochemical parameters of the medium did not 
have a significant effect on the bacteria S. aureus and B. abortus. More studies on a longer period would lead to monitor 
this farm water microbiological pollution and its impact on animal health.  
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