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Abstract 
Objectives: This study aimed to conduct a comparative assessment of bacterial 
cross-contamination in commercial and non-commercial processing plants 
including associated risk factors for bacterial contamination. Study Design: 
This was analytic cross sectional survey on bacterial contamination of broiler 
carcasses between different processing systems. Introduction: Zambia, like 
most African and Asian Countries, still practices “live-open non-commercial 
broiler carcass processing systems” besides the “closed abattoir based sys-
tems”. However, shelf life, spoilage and hygiene levels have been postulated to 
vary based on the type of processing system. Live-open non-commercial 
processing systems are popular among majority consumers owing to their 
perceived “freshness”, compared to commercially dressed chickens. In be-
tween, consumers have to balance freshness and quality assurance. Ultimate-
ly, this becomes inert, remotely but an important public health issue. Howev-
er, lack of empirical evidence on safety levels to guide consumer product se-
lection leaves them to speculation. It is this need to close this gap that created 
an impetus for us to undertake this study. Methods: Biological samples were 
collected before carcass wash and after carcass wash alongside a structured 
questionnaire that gathered risk-associated data. Standard microbiological 
enumeration methods were used to isolate bacteria and enumerate contami-
nation. Results: Broiler carcasses processed from “open” non-commercial 
systems were more contaminated (45.6%) than “closed-abattoir” commer-
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cially processed systems (35%). Escherichia coli were major contaminants 
(71.3%) and few Salmonella spices (typhi or para-typhi) in 1.3%. Risk analysis 
indicates washing (method) of carcasses at commercial systems was signifi-
cantly more risky for contamination than non-commercial ones. Major 
sources of contamination were “distance from water sources”. Increased vo-
lume of slaughters per day (>15,000 birds) for commercial systems accounted 
for increased cross-contamination, particularly, distance from water source 
was a major risk factor for contamination. 
 
Keywords 
Bacterial, Broiler Carcasses, Commercial Processing, Non-Commercial 
Processing 

 

1. Introduction 

Zambia, like most African and Asian Countries has two main types of poultry 
processing classified under commercial and non-commercial systems [1]. Whilst 
food inspection systems are in place in commercial abattoirs, non-commercial 
systems have little to no meat inspection services conducted. Presumptively, it is 
assumed that birds processed from commercial systems are likely to be hygieni-
cally dressed than those from non-commercial systems. Nevertheless, meat in-
spection in commercial processing systems focuses mostly on visible defects and 
quality of carcasses with no microbiological assessment of carcass contamination 
[1]. On the other hand, the problem of possible cross-contamination despite the 
carcass being inspected may have far-reaching consequences when it comes to 
shelf life and possible food spoilage [2]. The current scenario is further compli-
cated mainly by the lack of risk-based meat inspection practices along the poul-
try processing abattoirs value chain in Zambia [2].  

The demand for Broiler meat consumption has increased both in developing 
and developed nations [3]. This has been attributed due to affordability includ-
ing availability of small packaging of chicken parts, the rapid rate of maturity, 
increased supply and existence of quick non-commercial processing systems [3]. 
However, unregulated production of mass broiler carcasses, especially at a small 
scale in “backyards” and “open-markets” in the absence of any inspection ser-
vices increases public health threats [1]. The problem is not only restricted to 
non-commercial processing as current meat inspection methods conducted in 
commercial abattoirs are not able to detect possible pathogens and processing 
flaws that can result in cross-contamination of entire batches and lots [1] [2]. 
Broiler meats are widely accepted across religion, cultural and traditional diver-
sity; it has remained the major source of protein for the greater majority of the 
world’s population [4]. The need for improvement as well as the introduction of 
risk-based meat inspection cannot be overemphasized [4]. Additionally, the 
production of poultry inclusive of the products has more than quadrupled in the 
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last decade in Zambia [4]. This has seen rapid increase and expansion of the 
poultry sector with an estimated 6 million broiler birds being consumed annual-
ly [4]. According to Munang’andu and coworkers, the annual production rate 
was estimated at 81.4 million kg in the year 2008 and they projected this figure 
to quadruple in just under a decade [5].  

Despite recorded success in the exponential increase in poultry production, on 
the contrary, most of the poultry being produced is reared under poor and un-
hygienic environments [5]. Studies have indicated that both spoilage and patho-
genic microorganisms tend to be disseminated and incubated mostly during the 
growing phase and become potential contaminants during the processing phase 
[6]. This observation is critical when it comes to processing and quality assur-
ance systems put in place to ensure safe, sound and wholesome product [6]. 
However, some of these processing operations done in the absence of good hy-
gienic practices are more likely to contribute to increased cross-contamination 
with microorganisms [7]. Similarly, hygiene and contamination levels of final 
products have been postulated to directly depend on the primary production 
level and exacerbated at the secondary production level [8]. Consumers prefer 
Live-open non-commercial processing systems as they are deemed to offer 
“fresh table birds.” However, with further assumptions that dressed chickens in 
chain stores are believed to be sold almost at the end of their shelf lives [9]. Nev-
ertheless, the lack of underpinning empirical evidence to guide consumer’s 
choices with regards to production systems likely to produce chickens with ac-
ceptable safety levels has left them to depend on mere speculation [10]. In such 
circumstances, purchase of chickens is mainly according to accessibility and to 
the greater extent dependent on cost implications and rather than food safety 
concerns [10]. These assertions are according to earlier studies done that were 
able to show some degree of variations in contamination levels across abattoirs 
that had strict food control systems like the hazard analysis critical control 
points (HACCP) to those that had none [2]. However, in most developing coun-
tries, non-commercial production systems to some extent, may not have 
pre-requisite good manufacturing systems in place which may comprise manu-
facturing process [11] [12]. 

The major bacteria in poultry is the Salmonella species (spp.) and Escherichia 
coli (E. coli) which is mostly shed in the faeces and easily survives on the feath-
ers as well as the skin [6] [13]. These are among the common bacterial microor-
ganisms documented to reside within the gastrointestinal tracts of several do-
mestic animals as normal flora including in chickens [11]. Salmonella typhii has 
become a common cause of mortality among those infected through foodborne 
infections [14]. A range of domestic and wild animals including poultry have 
been shown to carry Salmonella spp. [14]. Similarly, the majority of the types of 
E. coli are harmless, but few may cause clinical disease in people and resulting 
mostly in diarrhea [8]. Despite all efforts to prioritize food safety, poultry and 
poultry products still rank on top in foods associated with diseases of public 
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health importance globally [13]. Therefore, statistics give impetus to investi-
gate in a more thorough and detailed manner the environments were these 
chickens are processed, kept or stored after processing in relation to processing 
systems [6]. 

2. Methods 

2.1 Sampling and Sample Size Calculation 

A cross-sectional study was conducted in Lusaka Province which is also a capital 
city of Zambia in November 2016 to March 2017. The food inspection manual of 
the Food and Drugs Act Cap 303 2009 was used to calculate the sample size for 
bacteriological analysis using the daily commercial processing and stand 
throughputs [15]. The total maximum throughput for commercial processing 
was 20,000 birds per day while at the non-commercial 100 birds per stand were 
being processed. According to the inspection manual guideline 2009 the rec-
ommended sample size using this range was 5 dressed chickens to be swabbed 
per batch. A batch meant quantity of chickens that had the same environmental 
factors such as same owner and origin. A total of 160 surface and cloaca dressed 
chicken swabs were collected before carcass wash and after carcass wash divided 
equally as 80 per site. The sites were picked based on a central location for 
commercial processing and for non-commercial processing it was based on 
the number of chicken traders. At commercial processing site circular sys-
tematic random sampling was used to pick a chicken for swabbing while at 
the non-commercial processing, simple random sampling was utilized to pick the 
stands. Furthermore, pieces of chicken/whole chicken were randomly picked from 
the stands through shuffling before the next pick was done. The non-commercial 
processing and commercial processing system comprised of the sampling 
frame/population target (N) were the sample population (n) was selected. A total 
of three different batches were sampled at the end of the sampling period which 
represented three poultry sources/origins both from the commercial processing 
and non-commercial processing systems. 

2.1.1. Risk Associated Information 
A total number of 261 structured questionnaires were administered to food han-
dlers from the commercial processing system and non-commercial processing 
system using the estimated prevalence value of 57.8% obtained from a study of 
E. coli contamination of chicken carcasses in commercial processing system 
from a previous study [16]. 

This was proportionally allocated to two sub-populations as follows: 174 to 
the commercial processing system and 87 to the non-commercial processing 
system. 

2.1.2. Water Samples  
Quality control was measured by collection of water that was being used at the 
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commercial processing and the non-commercial processing systems. Water 
samples were collected before carcass wash and immediately after the carcasses 
were washed. The water samples were taken to the laboratory and analyzed to-
gether with the biological samples.  

2.2. Sample Examination 

1) Methods (detection and enumeration) 
2) Isolation and identification of Salmonella 
Sample swabs were resuscitated by inoculating the sample swabs in 9.0 mls of 

Peptone broth (HIMEDIA) and incubated at 37˚C for 24 hours, from which one 
milliliter was gotten and cultured into 10 mls of Salmonella enrichment broth 
(Rappaport Vassiliadis, HIMEDIA) for 48 hours at 44˚C. Thereafter, using a 
loopful of Salmonella enrichment broth was cultured on Xylose Lysine Deoxy-
cholate (XLD) agar (HIMEDIA) for 24 hours at 37˚C. Only colonies with slight 
transparent red halo with pinkish reddish zones and black centers were sub-
jected to biochemical tests. Biochemicals included; Triple Iron Sugar (TSI), 
Urea, Methyl red, Voges Proskauer, Citrate and Sulphide Indole Motility (SIM) 
medium as per standard test protocols earlier described [16]. Isolates that were 
considered positive (TSI positive, urease negative, indole negative, methyl red 
positive, Voges Proskauer negative, and citrate test positive respectively) were 
subcultured on Nutrient agar (HIMEDIA) at 37˚C for 24 hours and isolates were 
stored in 10% glycerol peptone water at −20˚C. 

3) Enumeration of Escherichia coli 
The pour plate method on Eosin Methylene Blue agar (EMB) was employed to 

enumerate E. coli at a correct dilution factor. One (1 ml) of each dilution was 
poured on sterile molten EMB agar (HIMEDIA) and incubated at 44˚C for 24 
hours. The shiny distinct metallic colonies were counted per CFU [16]. 

Suspected E. coli colonies were positive on Triple Iron Sugar, urea, citrate and 
Sulphide Indole Motility (SIM) medium [16]. 

Water samples collected were equally investigated for Salmonella and E. coli 
using outlined methods above. 

2.3. Data Collection Techniques and Tools 

Bacteriological sample collection was based on bacterial contamination, struc-
tured questionnaires used to assess risk factors like hygiene practices, training 
in food safety, insanitary conditions including triangulation by use of a check-
list.  

2.4. Statistical Analysis 

The data obtained from the study was entered in the Excel® spreadsheet and 
imported in Stata® software (Stata Corporation, College Station, TX, USA). The 
analysis was done in stata. Pearson’s chi-square test was used firstly, univariate 
analysis by way of cross-tabulations which was followed by multiple logistic re-
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gressions.  

3. Results 

1) Descriptive Analysis 
Out of 160 chicken carcasses sampled, it was found that Salmonella accounted 

only for 2 (1.3%) whilst E. coli contamination accounted for 114 (71.3%). When 
the source of chickens was considered, commercially processed chicken’s re-
vealed lower rate at 35.0% compared to non-commercial processing system at 
45.6% contamination rate (Table 1).  

Origin of chicken tabulated against source (Commercial/Non-commercial) 
A total of 160 chickens were sampled with 53 (33.1%) coming from the same 

origin/owner in-grown by the abattoirs. Further 107 (66.9%) chickens came 
from various origin/owner, inclusive back yard poultry and local small farmers. 
When the origin of chicken was tabulated against the source, the result of the 
chi-square analysis for the relationship involving bacterial contamination status 
was statistically significant at 5% (χ2 = 106.7, p < 0.001) (Table 2). 

Table 3 and Table 4 indicate univariate and multivariable factors associated 
with bacterial contamination across the two processing systems.  

2) Bacterial contamination in water samples is indicated see Table 5. 
 
Table 1. Commercial processing and Non-commercial processing systems (n = 160). 

Site 

E. coli Frequency 

Total (%) χ2 P value 
Not contaminated  

(%) 
Contaminated  

(%) 

Commercial 24 (15.0) 56 (35.0) 80 (50.0) 

11.5629 0.001 Non-commercial 7 (4.4) 73 (45.6) 80 (50.0) 

Total 31 (19.4) 129 (80.6) 160 (100.0) 

 
Table 2. Origin of chicken tabulated against source (Commercial/Non-commercial) (n = 
160). 

Origin of chickens 
Commercial  

(%) 
Non-commercial 

(%) 
Total (%) χ2 P value 

In-grown by the  
abattoirs 

53 (33.1) - 53 (33.1) 

106.7 0.001 
Farmers/Backyard 27 (16.9) 80 (50.0) 107 (66.9) 

Total 80 (50.0) 80 (50.0) 160 (100.0) 
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Table 3. Univariate; factors identified as associated to contamination in the two 
processing systems (n = 261). 

a) Number of poultry dressed per day 

Site 
Dressed poultry 

χ2 p-value 
100 - 10,000 (%) >100 (%) Total (%) 

Commercial 174 (66.7) 0 (0.0) 174 (66.7) 

261.0 0.001 Non-commercial 0 (0.0) 87 (33.3) 87 (33.3) 

Total 174 (66.7) 87 (33.3) 261 (100) 

b) Availability of hand washing facilities 

Site 
Soap for hand washing 

χ2 p-value 
Available (%) Absent (%) Total (%) 

Commercial 87 (33.3) 87 (33.3) 174 (66.7) 

113.4462 0.188 Non-commercial 36 (13.8) 51 (19.5) 87 (33.3) 

Total 123 (47.1) 138 (52.9) 261 (100.0) 

c) Training in food safety 

Site 
Training 

χ2 p-value 
Trained (%) Untrained (%) Total (%) 

Commercial 149 (57.1) 25 (9.6) 174 (66.7) 

90.4412 0.001 Non-commercial 23 (8.8) 64 (24.5) 87 (33.3) 

Total 172 (65.9) 89 (34.1) 261 (100.0) 

d) Inspection of dressed chickens 

Site 
Inspection of chickens before sale 

χ2 p-value 
Inspected (%) Not inspected (%) Total (%) 

Commercial 141 (54.0) 33 (12.6) 174 (66.7) 

79.7500 0.001 Non-commercial 21 (8.0) 66 (25.3) 87 (33.3) 

Total 162 (62.1) 99 (37.9) 261 (100.0) 

e) Refrigeration of dressed chickens 

Site 

Refrigeration of chicken 

χ2 p-value 
Refrigerated (%) 

Not Refrigerated 
(%) 

Total (%) 

Commercial 174 (66.7) 0 (0) 174 (66.7) 

10.1953 0.001 Non-commercial 82 (31.4) 5 (1.9) 87 (33.3) 

Total 256 (98.1) 5 (1.9) 261 (100.0) 

f) Water supply 

Site 

Sources of water supply 

χ2 p-value On-site water 
source (%) 

Off-site water 
source (%) 

Total (%) 

Commercial 114 (43.7) 60 (23.0) 174 (66.7) 

5.4208 0.020 Non-commercial 44 (16.9) 43 (16.5) 87 (33.3) 

Total 158 (60.5) 103 (39.5) 261 (100.0) 
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Table 4. Risk factors associated with bacterial contamination from the two processing 
systems. 

Variables 
Unadjusted Adjusted (n = 130) 

OR p-value 95% CI OR p-value 95% CI 

Number of poultry dressed per day 

100 - 10,000 (ref)   (ref)   

100> 1.44 0.160 0.86 - 2.43 1.9 0.095 0.89 - 4.10 

Refrigeration of dressed chickens 

Not refrigerated (ref)   (ref)   

Refrigerated 0.29 0.274 0.32 - 2.7 0.17 0.119 0.02 - 1.59 

a) Distance of water source 

Off-site water (ref)   (ref)   

On-site water 1.92 0.011 1.16 - 3.17 1.83 0.025 1.08 - 3.09 

b) Trained in food safety 

Trained (ref)   (ref)   

Not-trained 1.03 0.912 0.62 - 1.72 0.83 0.577 0.43 - 1.61 

c) Inspection of dressed chickens 

Inspected (ref)   (ref)   

Not inspected 0.93 0.771 0.56 - 1.53 0.76 0.412 0.39 - 146 

*Note: (ref) means “represents the ‘reference category’ when interpreting the OR”. 

 
Table 5. Bacterial contamination in water samples. 

Site 

E. coli Frequency 

Total (%) χ2 P value Not contaminated  
(%) 

Contaminated  
(%) 

Before carcass wash 0 (0.0) 31 (19.4) 31 (19.4) 

0.9775 0.046 After carcass wash 15 (9.4) 114 (71.3) 129 (80.1) 

Total 15 (19.4) 145 (90.6) 160 (100.0) 

4. Discussions 

Cross-contamination was surveyed in commercial and non-commercial processing 
poultry plants and risk factors on processed chickens at the point of sale. The 
present findings show that a higher proportion of contamination was observed 
in non-commercial processors. The major contributor to higher levels of conta-
mination in the non-commercial processing system can mainly be attributed to 
poor hygiene practices such as lack of refrigeration facilities, despite possibilities 
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of cross-contamination likely being high. On the other hand, the commercial 
processing system showed high frequency in relation to the refrigeration of the 
dressed chickens. Other studies have indicated the public health importance of 
maintaining a cold chain in high-risk foods such as dressed chickens [17]. The 
other major factor that could have contributed to contamination was the lack of 
food safety training among the food handlers mostly from non-commercial 
processing system as seen from the chi-square results. Studies have indicated the 
correlation between food safety training and the quality of the products 
processed [12]. Furthermore, the performance of meat inspection was equally 
observed to positively contribute to the existence of bacterial contamination, 
other studies have demonstrated the importance of inspection in relation to 
product quality [2]. The other notable observation in this current study was the 
microbiological quality of water used during processing of dressed chickens. It 
was observed that the water used for carcass washing had a significant role in 
cross-contamination. Increased levels of bacterial contamination were recorded 
in processors that washed their chickens in the processing system compared to 
those who did not. Water has been described in public health to have a straight 
contact factor, especially on food surfaces and bacterium in water has been do-
cumented to adhere to the foods [18] [19]. This observation augments the need 
for close monitoring of water quality throughout the processing phase [20]. 
Moreover, public health risk can only be reduced by knowledge of the factors 
quantitatively [21]. Generally, both the non-commercial processing and com-
mercial processing systems yielded considerable high levels of E. coli causing a 
health risk concern in the poultry being processed [2]. On the other hand con-
sumption of contaminated foods like poultry has been recorded to contribute 
significantly to public health issues linked to foodborne illnesses [21]. Further-
more, foodborne infections like Salmonellosis may be as a result of failure to 
adhere to good hygiene practices (GHPs) during processing, storage and final 
food preparation [21].  

Under this particular study, Salmonella contamination was only detected in 
commercial processing systems and none in non-commercial systems results that 
are at variance with earlier works [22], where it was isolated in non-commercial 
processing systems. This may partly be attributed to differences in environmen-
tal factors in relation to differences in hatcheries, brooders and rearing pens 
where these chickens came from [8]. The other factor could be explained by the 
biological nature of intermittent shedding of Salmonella as well as the repressive 
nature of E. coli [23]. E. coli, on the other hand, was a major contaminant in 
both commercial and non-commercial processing systems the results are incon-
gruent with other similar studies [2]. More contamination was observed from 
non-commercial processing system (45.6%) compared to the commercial 
processing system (35.0%).  

The present study added that the majority of food handlers in commercial 
processing systems were trained in food safety which was different from 
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non-commercial processing system as seen from Table 2. The two sites showed 
some variances in the training of food handlers this probably can also explain 
the reasons for these differences in contamination levels [2]. Generally, how the 
slaughter procedures are carried is closely related to reduction in the overall 
contamination of carcasses [2]. Most importantly food handlers have been re-
ported by other writers and in public health safety of food to be among the ma-
jor contributors of contamination in food industries [24]. 

High E. coli contamination was equally isolated from dressed chickens that 
were bought from assorted individual farms as compared to those purchased 
from single farm owners. This study is in agreement with an earlier study that 
equally revealed that dressed chickens purchased from assorted farm owners are 
likely to yield high contamination levels compared to those purchased from sin-
gle farm owners. This was mainly attributable to the lack of hygienic standards 
of these environments coupled with lack of monitoring and inspections [25].  

Factors recognized to influence bacterial contamination in this current study 
were high dressing frequency each day, lack of food safety training, absence of 
refrigeration including the source of water not been within the trading area. The 
above factors were statistically significant (p < 0.05). The results showed that the 
commercial processing systems with the highest dressing frequency each day, 
lack of food safety training, lack of meat inspection, lack of refrigeration and 
having the source of water off-site the business premises, had higher probability 
of yielding contaminated chickens.  

Conversely, risk factors that had major significance in non-commercial 
processing systems were the distance from the water source in relation to the 
trading areas. This was significant at p < 0.025 in the adjusted model, the statis-
tical analysis showed that as the distance from the water source increased the 
Likelihoods of contamination remained significant even after controlling for a 
number of dressed poultry per day, refrigeration, training and chicken inspec-
tion. The finding of this study can mainly be ascribed to the non-commercial 
processing system that mostly had a source of water that was off-site from the 
stands in comparison to the commercial processor system with the on-site water 
system. In agreement to the current results other studies equally indicated dis-
tance from the water source as being a robust independent predictor of disease 
[26]. Furthermore, water was commonly stored in buckets including communal 
utensils for cleaning the dressed chickens plus other meat products. Inadequate 
water was recognized to be the major driver of chicken traders to ration the 
commodity, later compromising hygienic practices such as lack of separation 
between the different types of meat products. Furthermore, this might have also 
facilitated cross-contamination resulting in increased bacterial load on the final 
product [27]. Other studies have shown that most pathogens are able to survive 
in contaminated water, in aerosols and on equipment’s [28] [29]. Moreover, 
some studies have reported that portable water is an essential requirement in 
quality assurance in processed foods including poultry [30]. Mainly if the water 
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being used is clean, the chances of having uncontaminated dressed chicken are 
enhanced because as earlier mentioned the quality of the processed chickens is 
highly dependent on the quality of water used [27].  

5. Conclusion 

In conclusion, the current study elucidated higher prevalence level of bacterial 
contamination in broiler carcasses processed at “open” (non-commercial) sys-
tems as compared to “closed-abattoir” (commercially processed systems). Esche-
richia coli were the most predominant pathogen on carcasses from both systems. 
Further, the rinsing of pooled chicken carcasses in processing facilities was iden-
tified as the main reservoir for the origin of poultry meat contaminants. Our re-
sults can be used by Public Health regulators in the implementation of safety 
management systems especially in the non-commercially processed broiler car-
casses. 
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