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ABSTRACT

The study was conducted to determine the level of Salmonella, Escherichia coli,

Enterobacteriaceae and aerobic colony counts (ACCs) contamination in beef

carcass, equipment, slaughtermen hands and water at selected stages in abattoirs.

Cattle carcasses were sampled at four sites (rump, neck, flank and brisket) from a

low throughput (LTA) (n 5 240) and high throughput (HTA) (n 5 384) abattoirs.

Using conventional biochemical tests, HTA yielded significantly higher ACC (5.2

log CFU/cm2), E. coli (2.6 log CFU/cm2) and Enterobacteriaceae (2.9 log CFU/cm2)

mean scores after skinning and evisceration. Washing and chilling did not cause

any significant (P> 0.05) changes in bacterial counts. This implies use of

non-potable water and poor chilling methods. Salmonella was not detected on all

sampled carcasses. Overall, slaughtermen hands and equipment in the dirty area

yielded more bacterial counts compared to clean area from both abattoirs.

Therefore, these findings show that the equipment, slaughtermen hands and water

are sources of contamination during the slaughter process.

PRACTICAL APPLICATIONS

Microbiological analyses of beef slaughtering process will help identify possible

modes of contamination. This will help the responsible authorities to take

appropriate steps to improve meat safety in abattoirs. Currently, the Department

of Agriculture, Forestry and Fisheries, Sub-Directorate Veterinary Public Health of

South Africa, do not have a meat Microbiological Monitoring Program. Meat

inspection is based mainly on visual assessment for cleanliness, of which this

cannot detect the most important foodborne hazards such as E. coli, Salmonella

spp and Campylobacter. Therefore, there is a need to develop more effective meat

inspection programs in order to prevent contamination, foodborne illnesses and

deaths. Findings from this study can also act as a the foundation for the

development of acceptable microbiological standards or guidelines for abattoirs in

South Africa and other developing countries as well as help in the development of

more effective meat inspection programs.

INTRODUCTION

Beef contains approximately 70–73% water, 20–22% protein

and 4.8% lipids (Alan et al. 1995; Hudson et al. 1996). This

chemical composition predisposes the product to microbio-

logical contamination if appropriate hygiene practices are

not followed (Nel et al. 2004; Abd-Elaleem et al. 2014).
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Consequently, abattoirs and other meat processing plants

have to adhere to proper hygiene practices during the

slaughter process including risk-based prevention strategies

in order to assure consumer health protection and meat

quality. Risk-based prevention measures include the imple-

mentation of proper hygiene assessment programs as

addressed by the Hazard Analysis and Critical Control Pro-

gram (HACCP) systems. These systems are reported to be

very effective in controlling and preventing food contamina-

tion during slaughter and processing (Milios et al. 2012).

For the proper assessment and evaluation of these hygiene

systems, it is very important to rely on indicator microbio-

logical data since carcasses might be contaminated even

though they may appear to be visually clean (Gill 2003;

Lasok and Tenhagen 2013; Milios et al. 2014). Visual assess-

ment cannot detect the most important foodborne microor-

ganisms like Escherichia coli, Salmonella spp, Listeria spp and

Campylobacter (Hill et al. 2013). These organisms have been

used as indicators of possible pre- and post-slaughter con-

tamination (Bello et al. 2011; Niyonzima et al. 2013).

The starting source of contamination reported is the ani-

mal skin and also during evisceration, pluck removal and

trimming (Gill et al. 2003; Govender et al. 2013). During

skinning and evisceration, bacteria especially those responsi-

ble for foodborne diseases can be transferred from initial

sources to the carcasses. On the other hand, Buncic (2006)

reported that healthy animals can still be carriers’ of patho-

genic bacteria. Therefore, hides and gut contents need to be

removed properly in order to reduce chances of cross con-

tamination. The bacterial load is expected to decrease from

skinning up to the point of delivery after chilling. Most

researches done on carcass contamination during slaughter

have focused on sampling on the carcass surfaces only and

this does not suggest any sources of contamination (Bello

et al. 2011; Niyonzima et al. 2013; Zweifel et al. 2014).

According to FAO (2004), most developing countries do not

apply proper hygienic practices during slaughter, transporta-

tion and marketing, leading to meat microbiological con-

tamination. Niyonzima et al. (2013) found that the bacterial

load of beef meat sampled at different stages along the value

chain were out of the European Microbiological Standards

acceptable range. Moreover, Adzitey et al. (2011) and

Hemmatinezhad et al. (2015) reported that most abattoirs

and meat processing plants have poor hygiene quality

control programs.

According to published data, there is no scientific data

available in the Eastern Cape Province of South Africa for

the microbiological quality of meat, equipment, slaughter-

men hands and water used during the slaughter process.

This information is important since the contamination of

the final end product corresponds to the combined contri-

bution of different factors and stages along the meat process-

ing chain (Gill et al. 2003; Niyonzima et al. 2013; Zweifel

et al. 2014). Therefore, the objective of the current study was

to assess the level of contamination with Enterobacteriaceae,

Escherichia coli, Salmonella spp and aerobic colony count

(ACC) of cattle carcasses at different slaughter process stages

in selected abattoirs. Additionally, the quantitative relation-

ship between the cattle carcass, slaughtermen hands, equip-

ment and water microbiological quality was also assessed.

MATERIALS AND METHODS

Abattoir and Slaughter Processes

This study was carried out in two selected abattoirs which

are, Grahamstown and East London from the Eastern Cape

Province of South Africa. The abattoirs were classified into

two major categories which are low throughput abattoir

(Grahamstown: LTA) and high throughput abattoir (East

London: HTA). Both abattoirs are approved by the compe-

tent authorities. The LTA slaughters �18 animal units per

day. All animal species use the same slaughter floor. The

HTA slaughters �165 animal units per day. However, differ-

ent slaughter floors are used for each animal species.

The slaughter lines in both abattoirs are divided into two

major sections which are the dirty and clean areas. Stunning,

exsanguination, skinning, head and feet removal are done in

the dirty area and then moved to the clean area for eviscera-

tion. The carcass is split along the midline with a splitting

saw, trimmed during meat inspection and then washed using

cold water to remove visual debris. Before chilling, the car-

cass is weighed, graded and stamped. The operations are

almost the same as those described by Zweifel et al. (2014).

Both abattoirs chill the carcasses for �16–20 h at 5–7C

before distribution to respective outlets.

Sampling

The number of carcasses to be sampled per day were calcu-

lated according to Food Safety and Inspection Service (FSIS)

Directive 6420.2, Livestock Carcass Examination (United

States Department of Agriculture, 2011). This technique

depends on the number of animals slaughtered in each abat-

toir per day as shown in Table 1. Bovine carcass units were

selected randomly. On the other hand, the sampling sites

TABLE 1. DETERMINATION OF THE NUMBER OF CARCASSES TO BE

SAMPLED IN EACH ABATTOIR

Number of animals

slaughtered per day

Number of carcass

units to examine

100 or fewer 2

102–250 4

251–500 7

More than 500 11

Adopted from USDA (2011)
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were selected according to ISO 17604 (2003) and European

Union (EU) Directive 2001/471/EC guidelines (DAFF, 2010).

A total of 100 cm2 was swabbed from four sites forming a

pooled sample for each carcass (neck, brisket, flack and

ramp). The carcasses were sampled at different selected

stages during slaughter, that is, after skinning, evisceration,

washing and chilling when the carcass was ready for delivery.

For the LTA a total of 240 samples were collected at different

stages from 60 different carcasses and 384 samples for HTA

from 96 carcasses. Data were collected during a six month

period from November 2014 to April 2015.

The swab technique was used for sample collection; this

procedure is non-destructive and is used to collect carcass

surface samples with Swab Rinse Kit (SRK) foam spatulas for

microbiological analysis. Sterile gloves were used all the time

and were changed between carcasses. At each site, a mois-

tened swab (NaCl peptone solution) was wiped both in the

horizontal and vertical direction across the sampling site

(100 cm2) for 30 s. Samples were packed and labeled accord-

ing to the corresponding carcass number, site, town of collec-

tion and abattoir name. The samples were then transported

to the laboratory on the same day for bacterial analysis in

cooler boxes to prevent microbial growth. The packages were

kept intact until they were aseptically opened in the labora-

tory for examination. Samples were analyzed for ACC, Enter-

obacteriaceae, Escherichia coli and Salmonella spp.

Microbiological Analyses

Aerobic Colony Counts and Enterobacteriaceae. ACCs

and Enterobacteriaceae are an indication of overall microbial

contamination of food and higher counts indicates poor

hygiene. For the enumeration of ACC and Enterobacteria-

ceae, each swab sample was vortex mixed in 40 mL of 0.1%

NaCl peptone solution (8.5g NaCl, 1g trypton casein-

peptone, 0.1% agar and 100 mL distilled water) to make an

even suspension. Tenfold serial dilution of the samples was

then prepared up to 1024 after which 1 mL was placed on to

the plate count agar for ACCs enumeration. The plates were

incubated for 48 h at 35C. Presumptive colonies were

counted using a Colony Counter-Digital machine (3 3 mag-

nifier, White LED array, Lasec South Africa). For Enterobac-

teriaceae enumeration, 1 mL of the sample was placed on to

the violet red bile glucose agar (VRBG). The plates were

incubated for 24 h at 37C. Colonies seen to be pink to red or

purple were selected and biochemical conformation tests

were performed in accordance with the international stand-

ards (ISO 21528-2 2004).

E. coli Identification. The identification of E. coli was

done in accordance with the International Standards Guide-

lines, using the most probable number technique (MPN)

(ISO 16649-2 2003). Thoroughly mixed the swab sample with

NaCl peptone solution then transferred 1 mL of the sample to

9 mL of the Ringer solution. Tenfold serial dilution for each

swab sample for up to 1024 were prepared and incubated at

44C for 48 h. After incubation, recorded gas production from

the samples as E. coli positive. The MPN of E. coli per milliliter

was determined from the Agriculture Research Council

(ARC) reference tables (ARC 2010). All positive results were

streaked onto McConkey agar medium for isolation and con-

firmation of E. coli. The plates were then incubated at 37C for

24 h and examined for typical smooth pinkish colonies.

Transferred 0.1 mL of brilliant green broth from tubes with

gas formation into 10 mL of trytone water and incubated for

48 h at 44C. Determined indole production by adding Kovac’s

reagent to the tryptone water.

Salmonella spp Identification. The ISO international

procedure was followed for Salmonella detection (ISO 6579

2002). Buffer peptone water (BPW) was inoculated at ambi-

ent temperature with the test swab portion and incubated at

37C for 18 h. Using a micro-pipette, 0.1 mL of the pre-

enriched broth was transferred to 10 mL semi-solid Rappa-

port-Vassiliadis soy peptone (RVS) broth. The RVS plate was

incubated at 41.5C for 24 h. The enriched solutions were

streaked onto Brilliant green agar and Xylose-lysine-

deoxycholate agar and incubated at 36C for 24 h. Presump-

tive positive results were confirmed using biochemical tests

according to international standards (ISO 6579 2002).

Water Sample Collection and Analysis

Water samples were collected from the primary (tank reservoir)

and secondary (taps) sources. The water was collected using

500 mL sterile glass bottles which were then aseptically sealed

and labeled according to place of collection. The water samples

were analyzed for the presence of overall microbial contamina-

tion including E. coli, Enterococci and coliform identification.

The test procedures were performed in accordance with the

International standards (ISO) guidelines using the membrane

filtration method (ISO 4833 2003; ISO 21528-2 2004).

For the enumeration of ACC, 100 mL of water sample

was poured onto a filter paper (pore size 0.44 mm) which

trapped the bacteria. After all the water was filtered, the filter

paper was then removed and placed in petri dishes contain-

ing the Plate Count Agar. This was then incubated at 35C

for 48 h. Escherichia coli and coliform bacteria enumeration

was done simultaneously; 100 mL of the water sample was

filtered and then the filter paper was removed and placed in

petri dishes with EMB agar. The petri dishes were incubated

for 24 h at 35C. Dark-blue to violet colonies in EMB were

counted as presumptive E. coli and salmon to red as coli-

forms. E. coli isolates were confirmed using the Indole test

with Kovac’s reagent. For the enumeration of Enterococci,

the filter paper was placed in Bile Esculin agar and incubated
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at 37C for 48 h. Black colonies after incubation were counted

as presumptive Enterococci.

Contact Surface Sample Collection

Agar Contact Plate Method. Slaughtermen hands and

equipment used in abattoirs also provide an indication of

the hygiene and microbiological status of the products pro-

duced. The equipment’s sampled include knives and saws as

well as meat handlers’ hands. Agar contact plates were used

had an internal diameter of 5.0 cm. The dishes had a contact

surface of 20 cm2, filled with violet red bile glucose agar and

the others with plate count agar. They were pressed onto

each sampling site for 10 s and correctly sealed. The plates

were transported to the laboratory in a cooler bag and

aerobically incubated at 37C for 24 h for evidence of micro-

bial growth (ISO 6579 2002).

Statistical Analysis

Data on microbiological counts was first transformed to log

(base 10) before analysis using excel work sheet for easy

comparison and presented as means 6 standard errors. The

effects of abattoir, slaughter stages and sampling day on the

microbial count were analyzed using the Generalized Linear

Model Procedures of the Statistical Analysis System (SAS,

2003). Significant differences among group means were

tested using Least Significant Differences (LSD) and the sta-

tistical significance level was set at a 5 0.05. Results for the

microbiological counts were also compared with the Euro-

pean Microbiological standards for meat (EC 2005).

The following model was used:

Yijk5l1ai1bj1rk1ðabrÞijl1eijl

Where Yijkl 5 observed response (depended variable)

(microbial count)

m5 overall mean,

ai 5 abattoir effect,

bj 5 effect of slaughter stage,

rl 5 effect of sampling day,

(abgr)ijkl 5 effect of the interactions,

eijkl 5 random residual error.

RESULTS

Aerobic Colony Counts From Carcasses at
Different Stages During Slaughter

Generally, the mean log for ACC was observed to decrease

along the slaughter line, that is, from the dirty area to the clean

area (Fig. 1). For the LTA, after skinning and evisceration the

mean log was 3.7 log CFU/cm2. Washing the carcasses resulted

in a slight decrease of about 0.2 log CFU/cm2 in ACC mean

log counts. Chilling reduced ACC on carcasses giving a mean

log of 3.1 log CFU/cm2 and this was significantly different

(P< 0.05) with the mean log recorded after skinning and evis-

ceration. On the other hand, the same trend was also observed

in the HTA. Generally, mean logs were decreasing from skin-

ning to chilling. However, washing with water resulted in a

slight ACC mean log increase of about 0.1 CFU/cm2 and chill-

ing resulted in a further significant (P< 0.05) reduction. The

mean logs at different stages along the slaughter lines in these

two abattoirs differed significantly (P< 0.05); with HTA yield-

ing comparatively higher mean scores (Fig. 1).

E. coli, Salmonella spp and
Enterobacteriaceae From Carcasses at
Different Stages Along the Slaughter Line

The mean log E. coli at different sampling stages in the LTA

and HTA is presented in Fig. 2. After skinning and

FIG. 1. MEAN LOG10 OF AEROBIC COLONY COUNTS (ACC) AFTER

SLAUGHTER, EVISCERATION, WASH AND CHILLING ON CARCASS

SURFACES, AT a 5 0.05

FIG. 2. MEAN LOG10 OF ESCHERICHIA COLI COUNTS AFTER

SLAUGHTER, EVISCERATION, WASH AND CHILLING ON CARCASS

SURFACES, AT a 5 0.05
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evisceration the mean log was 3.4 log CFU/cm2 in LTA and

5.1 log CFU/cm2 in HTA. The HTA clearly yielded higher

and significantly (P< 0.05) different mean scores than LTA.

On the other hand, washing with water in LTA did not cause

any significant (P> 0.05) changes in the mean log E. coli.

However, chilling resulted in a significant (P< 0.05) reduc-

tion of about 0.8 log CFU/cm2 in the mean log E. coli. At

HTA, washing resulted in an increase in mean log E. coli by

about 0.5 log CFU/cm2 but not significantly (P< 0.05) dif-

ferent from the initial count. After chilling, significant

(P< 0.05) changes in E. coli mean log were evident with a

reduction of about 2.0 log CFU/cm2. Overall, enumerated E.

coli counts did not differ between the two abattoirs at these

selected slaughter stages (Fig. 2). Salmonella was not detected

at all sampled slaughter stages and carcasses.

Enterobacteriaceae mean log values for HTA and LTA at

different stages during the slaughter process are presented in

Table 2. All samples collected at each stage were positive and

the mean log after skinning and evisceration ranged from

0.3 to 5.9 CFU/cm2 with a mean of 2.9 log CFU/cm2 in

HTA. Significant differences (P< 0.05) were evident in HTA

after chilling compared to after skinning and carcass wash,

whereas for the LTA no significant (P> 0.05) differences

were noted.

Mean Microbial Counts According to Day
of Sampling and Water Analysis

Enterobacteriaceae, E. coli and ACC mean log counts

according to days of sampling are presented in Table 3.

The ACC log mean showed some significant (P< 0.05)

difference between the two abattoirs. Although days 3 and

4 showed comparatively higher ACC counts than the first

and second day of sampling. The E. coli mean log were not

significantly different (P> 0.05) except for day 2 (1.3 log

CFU/cm2) where the counts were observed to be lower.

The mean log for Enterobacteriaceae was significantly

different (P< 0.05) according to the day of sampling for

all the abattoirs (Table 3).

Water samples from both abattoirs showed significantly

(P< 0.05) higher microbial total viable count (TVC) regard-

less of the source of collection (Table 4). E. coli were only

detected from the water samples from the HTA at the point

of use. Enterococci were also detected in samples from the

LTA at both the reservoir and point of use. However, no coli-

forms were detected in all water samples collected from both

abattoirs. Generally, the number of micro-organisms

increased from the reservoir to the point of use.

Bacteria Profile of Slaughtermen Hands and
Equipment Used During the Slaughter
Process

Evaluation of slaughtermen hands (Fig. 3) and equipment

(Fig. 4) bacterial contamination showed that there is a gen-

eral decrease in TVC from the dirty area to the clean area.

For the equipment used in the LTA, bacterial load ranged

from 10 to 4 CFU/cm2, whereas in HTA it ranged from 7 to

3 CFU/cm2 and the counts for hands ranged from 15 to 8

CFU/cm2 in HTA and from 10 to 5 CFU/cm2 in LTA.

TABLE 2. LEAST SQUARE MEANS (LOG) 6STANDARD ERRORS OF ENTEROBACTERIACEAE COUNTS AFTER SLAUGHTER, EVISCERATION, WASH

AND CHILLING ON CARCASS SURFACES

Abattoir

Number of

carcasses

Number of swab

samples Slaughter Stage

Log CFU/cm2

(Mean 6 SE)

High throughput abattoir 32 384 After skinning and evisceration 2.9a 6 0.22

32 384 After washing 3.6a 6 0.22

32 384 After chilling 0.2b 6 0.31

Low throughput abattoir 20 240 After skinning and evisceration 1.5c 6 0.26

20 240 After washing 1.3c 6 0.26

20 240 After chilling 1.3c 6 0.26

abcMeans in the same column with the same superscripts are not significantly different at P< 0.05.

TABLE 3. LEAST SQUARE MEANS (LOG10) AND 6STANDARD ERRORS OF AEROBIC PLATE COUNT (ACC), E. COLI AND ENTEROBACTERIACEAE

COUNTS ENUMERATED AT DIFFERENT DAYS OF SAMPLING

Abattoir Type

Number of

carcasses

Number of

swab samples

Sampling

day

ACC Log CFU/cm2,

(Mean 6 SE)

E. coli Log CFU/cm2,

(Mean 6 SE)

Enterobacteriaceae

Log CFU/cm2,

(Mean 6 SE)

Low throughput

abattoir

30 384 1 3.5a 6 0.41 2.0a 6 0.19 0.9a 6 0.21

30 384 2 3.5a 6 0.41 1.3b 6 0.19 1.8b 6 0.21

High throughput

abattoir

48 240 3 5.1b 6 0.09 2.5a 6 0.17 2.7c 6 0.20

48 240 4 4.9b 6 0.09 2.1a 6 0.17 1.8b 6 0.20

abcMeans in the same column with the same superscripts are not significantly different at P< 0.05.
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However, no Enterobacteriaceae were detected in all the

workers’ hands and equipment sampled. There were signifi-

cant (P< 0.05) differences in TVC along the slaughter line

and also between the abattoir.

DISCUSSION

According to Milios et al. (2014), for the proper identifica-

tion and evaluation of abattoir hygiene weak points, slaugh-

ter process assessment based on microbial information is

very important. From this study, it was evident that the

equipment, slaughtermen hands and water can be sources of

contamination during the slaughter process. This agrees

with reports by Aslam et al. (2003), Nel et al. (2004), Bello

et al. (2011) and Zweifel et al. (2014) who also identified the

same weak points. According to McEvoy et al. (2004) and

Zweifel et al. (2014), contaminants can be of fecal, soil, water

or feed origin; they also reported that pre-slaughter environ-

ment and hides were also reservoirs of microbial contami-

nants. After skinning and evisceration, HTA yielded

comparatively higher and significantly different ACC (5.2

log CFU/cm2), E. coli (2.6 log CFU/cm2) and Enterobacteria-

ceae (2.9 log CFU/cm2) carcass mean scores than LTA.

This is in contrast with previous reports by Bell (1997),

Qiongzhen et al. (2004) and Zweifel et al. (2014) in which

the counts did not exceed 2.0 log CFU/cm2. However, they

were still within the acceptable European Microbiological

Standards (EC, 2005) and also in line with those reported by

McEvory (2004), Niyonzima et al. (2013) and Katsande and

Govender (2014). Abattoir specific differences suggest that

there were different levels of HMS implementation in these

abattoirs during the slaughter process.

Washing with water in both abattoirs did not cause any

significant changes in the mean log E. coli, ACC and Enter-

obacteriaceae; however, slight increases in counts were

noted. This showed that the water did not effectively

reduce microbial counts but rather resulted in the re-

distribution of the pathogens. This is in agreement with

other reports by Bello (2011), McEvory (2004), Loretz

et al. (2011) and Zweifel et al. (2014) who noted an

increase in bacterial load after washing the carcasses with

water. Published information show that microbial contam-

ination on skinned carcasses differ widely depending on

processing environment, extent of hide-meat contact and

TABLE 4. BACTERIAL PROFILE (CFU/100 ML) OF WATER FROM THE RESERVOIR TANK AND TAP SOURCES USED FOR CARCASS WASHING IN

ABATTOIRS

Abattoir

Number of

samples Source

TVC CFU/mL,

(35C, 48 h)

Total coliform

MAC/100 mL

(35C, 24 h)

E. coli MAC/100 mL

(35C, 24 h)

E. coli MAC/100 mL

(44C, 24 h)

Enterococci

MAC/100 mL

(35C, 24 h

Low throughput

abattoir

6 Reservoir 3.0 3 102 0 0 0 1.0 3 100

6 Tap 3.0 3 102 0 0 0 2.0 3 100

High throughput

abattoir

6 Reservoir 2.5 3 101 0 0 0 0

6 Tap 3.0 3 102 0 3.0 3 102 1.0 3 100 0

CFU5 colony forming units.

Coliform 5 E. coli like bacteria.

MAC5 maximum admissible concentration.

FIG. 3. MEAN LOG10 OF TOTAL VIABLE COUNT (TVC) AT DIFFERENT

STAGES DURING SLAUGHTER FOR SLAUGHTERMEN HANDS, ERROR

BARS REPRESENT 95% CONFIDENCE INTERVALS

FIG. 4. MEAN LOG10 OF TOTAL VIABLE COUNT (TVC) AT DIFFERENT

STAGES DURING SLAUGHTER FOR SLAUGHTER EQUIPMENT, ERROR

BARS REPRESENT 95% CONFIDENCE INTERVALS
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water quality (Bello et al. 2011; Yang et al. 2012; Zweifel

et al. 2014). From the current study, the water samples

from both abattoirs showed significantly higher TVC and

this could be the source of cattle carcass contamination

during the slaughter process. World Health Organisation

(2004) recommends the use of potable water for carcass

washing with zero E. coli isolates. Use of low pressure hot

water spray, high pressure cold water spray, steam pasteur-

ization, acetic acid spray and irradiation have been

reported to be very effective treatments to reduce carcass

contamination during the slaughter process (Algino et al.

2007; Chen et al. 2012). From the assessed abattoirs there

were no antimicrobial treatments applied and this could

have attributed to the higher contamination levels

observed.

Chilling significantly reduced ACC, E. coli and Enterobac-

teriaceae counts on carcasses, although HTA yielded compa-

ratively higher scores. After chilling the ACC mean log from

LTA was 3.1 and 4.5 log CFU/cm2 for HTA and this is con-

tradicted findings by Zweifel et al. (2005), Murray et al.

(2001) and McEvoy et al. (2004) who found comparatively

lower mean logs. According to Gill et al. (2003), Arthur et al.

(2004), McEvoy et al. (2004) and Yang et al. (2012), chilling

can result in an increase, decrease or no change to the micro-

bial counts on carcasses depending on temperature, mois-

ture, air speed, duration, carcass spacing as well as the

sampled site. This could have been attributed to the varying

microbial counts on the sampled carcasses and between

abattoirs.

From the present study it was evident that the animals

were exposed to different environmental conditions before

and during slaughter. This is shown by the different micro-

bial counts enumerated from the carcasses at different days

of sampling. The mean log for Enterobacteriaceae differed

significantly according to the day of collection, for both

abattoirs. For E. coli the counts were only significantly differ-

ent for the LTA. According to Callaway et al. (2003), LeJeune

et al. (2004) and Buncic et al. (2014), these differences could

be due to different animal management practices at the farm

and abattoir hygiene. Though, Gill (2004) and Zweifel et al.

(2014) have reported that microbial loads can vary signifi-

cantly between animals as well as the sampled site. Washing

animals before slaughter can help to reduce the variations in

microbial load due to hides and lairages cleanliness. Chemi-

cal washing of animals before slaughter has been reported to

significantly reduce E. coli and Salmonella counts on cattle

carcasses (King et al. 2005). Veterinary inspectors can help in

the inspection of animals to assess the level of cleanliness

and to declare animals fit for human consumption based on

the hygiene conditions.

Besides all the other factors discussed previously, slaugh-

termen and equipment can also be vehicles of pathogenic

microorganisms. When hands and equipment are not

cleaned and disinfected properly, pathogens such as E. coli

can be transmitted from one carcass to another or from per-

sonnel to carcass (Compos et al. 2009; Adzitey et al. 2011).

In the present study, slaughtermen hands and equipment in

the dirty area (skinning and evisceration) yielded more

numbers of TVC compared to those in the clean area (car-

cass slitting, inspection, washing and packing) from both

abattoirs. TVCs on hands were reported to be higher and

this concurs with findings by Abd-Elalee et al. (2014). Our

study findings are, however, in contrast with Boyce and Pit-

tet (2002) who reported lower total bacterial counts which

ranged from 3.9 3 104 to 4.6 3 106 CFU/hand. Moreover,

Haileselassie et al. (2013) and Nel et al. (2004) also reported

higher levels of carcass microbiological contamination in

abattoirs and butcheries due to poor personal hygiene. How-

ever, the counts are within the acceptable range which shows

that the hands and equipments were being decontaminated

effectively. Conversely, no Enterobacteriaceae were detected

in all the workers hands and equipment sampled. Hot water,

sanitizers and detergents have been reported to have a signif-

icant effect in reducing microbial counts on slaughter equip-

ment and hands (Griffith 2000; Redmond and Griffith 2003;

Nel et al. 2004; Abd-Elalee et al. 2014).

CONCLUSIONS

Microbiological analysis of carcasses at different selected

slaughter stages identified certain abattoir specific differen-

ces. It was evident that the equipment, slaughtermen hands

and water can be sources of contamination during the

slaughter process. Mean log (ACC, E. coli and Enterobacteria-

ceae) after skinning and evisceration for both abattoirs were

generally higher compared to published data. Washing with

water in both abattoirs did not cause any significant changes

in the mean log E. coli, ACC and Enterobacteriaceae, though

slight increases in counts were noted. Therefore, water might

have contributed to the increase in carcass microbial counts

due to use of non-potable water. Chilling significantly

reduced ACC, E. coli and Enterobacteriaceae counts on car-

casses in both abattoirs. Minor differences noted were prob-

ably related to the different chilling methods used by these

abattoirs. Generally, slaughtermen hands and equipment in

the dirty area (skinning and evisceration) yielded more bac-

terial counts compared to those in the clean area (slitting,

inspection, washing and packing) from both abattoirs. For

all the sampled carcasses, equipment and slaughtermen

hands, HTA yielded comparatively higher bacterial counts

than the LTA. However, Salmonella was not detected at all

sampled slaughter stages. Identification of abattoir specific

slaughter carcass contamination is important for the imple-

mentation and measure of the effectiveness of HACCP-based

systems.
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