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ABSTRACT: Milk is often prone to contamination due to its rich nutritional composition that favors microbial 

growth, thus, necessitating that its removal from cattle and subsequent processing should be done in strict 

compliance to standard hygienic best practices.  Hence this study was conducted to evaluate the microbiological 

quality of raw milk collected by farmers in cattle settlement farms situated in Okada and environs, Ovia North-

East local government area, Edo State, Nigeria to ascertain their compliance to standard best hygienic practices. 

Total heterotrophic bacteria counts (HPC) and total Coliform counts (TCC) in the raw milk samples were 

measured by the pour plate technique. Isolated bacteria were then identified with phenotypic techniques. The 

concentration of heavy metals in the raw milk was determined by atomic absorption spectrophotometry. The 

concentration of cadmium, lead, zinc, copper, nickel and chromium in the raw milk samples were estimated at 

0.03 mg/L, 0.05 mg/L, 2.50 mg/L, 0.18 mg/L, 0.004 mg/L and 0.022 mg/L respectively and were within 

permissible levels. Overall mean HPC of the raw milk samples was estimated at 43.93 ± 2.42 CFU/mL while 

mean TCC was estimated at 0.00 ± 0.00 CFU/mL across all sampling locations. The mean HPC and TCC values 

of the raw milk samples were found to be within the recommended limits (HPC ≤ 20000 CFU/mL; TCC ≤ 10 

CFU/mL) stipulated by the United States Food and Drug Administration, thus, indicating that the contamination 

levels were within the limits for the raw milk to be accepted by milk processors for further processing. The isolated 

bacteria were identified as coagulase-negative Staphylococcus species, S. aureus, Bacillus and Enterobacter 

species. The raw milk samples were found to be significantly contaminated with Staphylococcus species 

(frequency of occurrence = 61.25%) in relation to the other isolated bacteria, thus, confirming the poor sanitary 

practices of the farmers who collect and handle raw milk in the cattle settlement farms situated in Okada and 

environs, Ovia North-East local government area, Edo State, Nigeria. Since this present study revealed that the 

farmers do not significantly comply with the high sanitary requirements needed for the collection of raw milk, it 

is recommended that the relevant government agencies educate the farmers on standard hygiene practices that are 

required for raw milk collection. 

 

I. INTRODUCTION 
The demand for livestock products in developing countries has rapidly increased as a result of population and 

income growth, as well as urbanization (Delgado, 2003). Annual milk consumption in the developing countries 

averaged 3.5 to 4.0% between 1995 and 2005, and is expected to increase further by 2020. Therefore, the dairy 

sector could serve as a powerful tool for reducing poverty and creating wealth in developing countries, if properly 

managed (Yilma et al., 2011). Total annual milk production is estimated to be 1.65 billion liters. Of these 86% 

comes from the traditional sector. In many African countries marketing of milk is traditional and informal. In 

Tanzania, these markets handle 80–90% of the locally produced milk and less than 10% of milk produced in the 

country is marketed as processed milk. In these systems of marketing, milk is commonly rural to rural and a few 

rural to direct sales to urban consumers (Swai andchoonman, 2011; Bingi and Tondel, 2015). These market 

pathways provide social and economic benefits to smallholder producers, agents and consumers in terms of 

competitive market prices and creation of employment. Therefore, they are difficult to abolish. However, there 

are neither regulations nor control of products in these markets and the consumption of raw milk and milk products 

from such markets may cause health risks. Being a nutritious food, milk serves as an ideal medium for the growth 

and multiplication of various microorganisms (Swai andchoonman, 2011; Singh et al., 2020). Moreover, milk is 

a highly perishable commodity and, therefore, poor handling of milk can exert both public health risks and 

economic losses. Thus, milk requires hygienic handling all the way from production to consumption.  The risks 

of poor milk handling are linked to contamination of milk, growth and survival of harmful pathogens in the milk 

and increasing number of other micro-organisms caused by storage time and conditions such as temperature and 
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humidity (Boor et al., 2017). Heavy metals are persistent contaminants in the environment that can cause serious 

environmental and health hazards. They are released into the environment from natural as well as man-made 

activities (Li et al., 2005; Ayaret al., 2009). Milk and dairy products become contaminated with heavy metals 

either through contamination of the original cow’s milk, which may be due to exposure of lactating cow to 

environmental pollution or consumption of contaminated feed stuffs and water (Carl, 1991; Okada et al., 1997; 

Zwierzchowski and Ametaj, 2018). Raw milk may also be exposed to contamination during its manufacture and 

packaging processes (Ukhunet al., 1990). The toxicity of contaminated milk may be attributed to accumulation of 

the heavy metals in the body which are not metabolized to extractable products. The presence of heavy metals 

such as lead, cadmium and chromium even in low concentrations leads to metabolic disorders with extremely 

serious consequences such as weakness, heart failure and cancer (McCally, 2002 and Licata et al., 2004). Thus, 

the aim of this study was to evaluate the extent of bacterial and heavy metal contamination in raw milk collected 

from cattle settlement farms in Okada and environs, Ovia North-East Local Government area South-Southern 

Nigeria. 

 

II. MATERIALS AND METHODS 

Study sites: Three cattle settlement farms situated in Okada and environs, Ovia North-East local government 

area, Edo State, Nigeria were the study sites from where raw milk and udder swab samples were collected. Each 

cattle settlement often consists of 35 to 45 people, predominantly, from the northern region of Nigeria. The number 

of cattle that were seen in each of the sites ranged from 180 to 220. 

 

Sample collection : Raw milk was collected from five cattle in a cattle settlement farm situated in Okada and 

environs, Ovia North-East local government area, Edo State, Nigeria. The raw milk was collected from the udder 

of the cattle into sterile containers by squeezing the udder with hands that had been previously sanitized with 3000 

PPM hypochlorite solution and sterile water. The samples were sent to the laboratory in ice-pack for 

bacteriological analysis that was conducted within four hours of sample collection. Overall, the cattle settlement 

farm was visited four times in the month of February 2021 and 20 raw milk samples were collected from the 

udders of 20 cattle. The skin area covering the udder in each of the 20 cattle was also swabbed with sterile swab 

sticks moistened with sterile phosphate-buffered saline, and samples transported to the laboratory for 

bacteriological analysis. 

 

Isolation and enumeration of bacteria : Bacterial isolation and enumeration of raw milk samples were 

performed with the pour plate technique (Public Health England, 2014). Serial dilution of samples was made up 

to 10-3, with the first dilution made by mixing 25 ml of raw milk with 225 ml of sterile 1.5% peptone water in a 

sterile tube. One millilitre of each serially-diluted sample was separately poured into two different duplicates 

sterile Petri dishes and then respectively mixed with 15ml of sterile tryptic soy agar (TSA) and MacConkey agar 

(MA) media (Himedia Laboratories, India). The TSA and MA Petri dishes were subsequently incubated at room 

temperature for 48 hours. After incubation, bacterial colonies were counted with the colony counter and counts 

on TSA and MA Petri plates were respectively reported as total heterotrophic plate count (HPC) and total coliform 

count (TCC) and expressed as colony-forming units per ml (CFU/ml). 

 

Genus-level identification of bacterial colonies : The phenotypic techniques employed for the genus-level 

identification of bacterial isolates was performed with standard methods (Holt et al., 1994).  

 

Statistical analysis : The NCSS ver. 12 data analysis software was used to carry out descriptive statistics of the 

datasets obtained from the bacteriological and heavy metal analysis. Shapiro–Wilk normality test and Fisher 

parametric one-way ANOVA test were also performed with NCSS ver. 12. The test of the hypothesis was 

considered statistically significant if the achieved level of significance (p) was less than 0.05. 

 

III. RESULTS 
Bacterial load in the raw milk : Tables 1 represent the HPC in the raw milk samples. Mean HPC ranged from 

40.00 ± 3.59 CFU/ml to 50.80 ± 3.84 CFU/ml across all visitations. Overall (that is, cumulating the HPC from all 

visitations) mean HPC was estimated at 43.93 ± 1.93 CFU/ml. Shapiro-Wilk test indicated that the HPC datasets 

of the raw milk across all visitations was normally distributed (p = 0.78; α = 0.05). Based on the outcome of the 

normality tests, Fisher test, the preferred ANOVA technique, indicated no statistically significant difference (p = 

0.20; α = 0.05) in the HPC of the raw milk across all visitations. No Coliforms were seen in all the raw milk 

samples that were examined.  
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Identified bacteria in the raw milk and the udder : Tables 2 and 3 showed the bacterial communities that were 

respectively present in the raw milk and the skin area of the udder. Bacillus spp., S. aureus and coagulase-negative 

Staphylococcus spp. were the bacteria that were present in the raw milk samples. On the skin area covering the 

udder, the main bacteria were identified as Enterobacter spp., Bacillus spp., coagulase-negative Staphylococcus 

spp. and S. aureus. Coagulase-negative Staphylococci were the bacteria that were most frequently isolated in both 

the raw milk samples and samples of the skin area covering the udder. S. aureus was also found to be the bacterium 

that least frequently occurred in both the raw milk samples and samples of the skin area covering the udder.Table 

1: Total heterotrophic plate count obtained from the raw milk samples  

 

 
 

 

Table 2: Characterization of bacterial colonies obtained from the raw milk 

 

 
TSA: tryptic soy agar. CO: coagulase test. CA: catalase test. OX: Oxidase test. CI: citrate test. IN: Indole test. 

MR: methyl red test. VP: Voges Proskauer test. LA: lactose fermentation test. MA: mannitol fermentation test.  

V: variable result. +: positive results. -: negative results. F: fractional prevalence. P: percentage prevalence. 

 

Table 3: Characterization of bacterial colonies obtained from the swabbed udder of cattle from which milk 

samples were obtained 

 

 
TSA: tryptic soy agar. CO: coagulase test. CA: catalase test. OX: Oxidase test. CI: citrate test. IN: Indole test. 

MR: methyl red test. VP: Voges Proskauer test. LA: lactose fermentation test. MA: mannitol fermentation test.  

V: variable result. +: positive results. -: negative results.  
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area covering the udder, the main bacteria were identified as Enterobacter spp., Bacillus spp., coagulase-negative 

Staphylococcus spp. and S. aureus. Coagulase-negative Staphylococci were the bacteria that were most frequently 

isolated in both the raw milk samples and samples of the skin area covering the udder. S. aureus was also found 

to be the bacterium that least frequently occurred in both the raw milk samples and samples of the skin area 

covering the udder. 

 

Concentration of heavy metals in the milk : The concentration of cadmium, lead, zinc, copper, nickel and 

chromium in the raw milk samples were estimated at 0.03 mg/L, 0.05 mg/L, 2.50 mg/L, 0.18 mg/L, 0.004 mg/L 

and 0.022 mg/L respectively. 

 

IV. DISCUSSION 
Findings from the present study showed that the bacterial contaminants found in the raw milk may be due to cross-

contamination from the contaminated skin area covering the udder of cattle during raw milk collection from the 

udder of cattle reared in the cattle settlement at Okada and environs. This is because of the significant similarity 

between the bacteria species isolated from the raw milk and those isolated from the skin area covering the udder 

of the cattle (Tables 2 and 3). The bacteria that were isolated from the raw milk samples and samples from skin 

area covering the udder of cattle include S. aureus, Bacillus spp., Enterobacter spp. and coagulase-negative 

Staphylococci. Nadia et al. (2012), Mallet et al (2012), Nwankwo et al. (2015) and Msalya (2017) have all reported 

similar findings. The presence of S. aureus in the raw milk is of significant health concern because this bacterium 

produces enterotoxins that can pose a potential adverse health effect to consumers (Cenci-Goga et al., 2003; FDA, 

2009). 

 

Mean HPC ranged from 40.00 ± 3.59 CFU/ml to 50.80 ± 3.84 CFU/ml across all visitations (Table 1), while no 

Coliforms were seen in all raw milk samples examined. However, according to the standard regulatory limits for 

raw milk stipulated by the United States Food and Drug Administration (2017) [HPC ≤ 20000 CFU/ml and TCC 

≤ 10 CFU/ml], the contamination levels seen in the raw milk from the different cattle were within the 

recommended HPC and TCC limits. This indicated that the contamination levels were within the limits for the 

raw milk to be accepted by milk processors for further processing. The HPC values obtained from the present 

study agreed with the work of Nwankwo et al. (2015) who obtained values that ranged between 101 – 103 CFU/ml 

but were at variance with the findings of Nadia et al. (2012) and Msalya (2017) who reported values that ranged 

between 104 – 107 CFU/ml. The TCC values reported in the present study were at variance with those reported by 

Nwankwo et al. (2015) and Msalya (2017). Copper was the heavy metal with the highest concentration in the raw 

milk samples examined while nickel had the least concentration. The heavy metals in the raw milk samples were 

found to be within the permissible levels. Abdelkhalek et al. (2015) and Muhib et al. (2016) had also reported 

similar values in their work.  

 

V. CONCLUSION 
The present study revealed that raw milk collected by farmers in cattle settlement farms situated in Okada and 

environs, Ovia North-East local government area, Edo State, Nigeria were mostly contaminated with 

Staphylococcus species. Also, the raw milk contained heavy metals such as cadmium, lead, zinc, copper, nickel 

and chromium, though within permissible levels. The same Staphylococcus species was found to be significantly 

present on the skin area covering the udder of the cattle examined, indicating a probable cross-contamination of 

the raw milk during the milk collection. It is hereby recommended that the relevant government agencies educate 

the farmers on standard hygiene practices that are required for raw milk collection to avoid contamination with 

pathogenic bacteria. 
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