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Meat of goats can also be a source of pathogenic bacteria. In meat of healthy
goats, the bacteria may enter the surface of the carcass in the abattoir, at slaughter and
during processing of the hull. The aim of our study was to determine microbial
contamination of carcasses of goats at the slaughter, before and after chilling, by
determination of the total count of aerobic mesophylic bacteria (aerobic colony count),
bacteria of family Enterobacteriaceae and Salmonella spp. Wet swabs were taken at
slaughtering, immediately after the primary treatment, by non-destructive method, from
a total of 95 goat carcasses. At the same time, the samples were taken for Salmonella
testing. The total count of aerobic mesophyilic bacteria (log , cfu/cm?) by method ISO
4833:2003, the number of Enterobacteriaceae (log, cfu/cm?) by method 1S021528-2:2004
and the presence of Salmonella spp. by method 1SO6579:2002 were determined in swabs.
The obtained results were interpreted according to the European regulation EC1441/2007.
Test results showed that the average values of the total count of aerobic mesophylic
bacteria and Enterobacteriaceae were with in the satisfactory range (< 3.5 log, cfu/cm*
and < 1.5 log cfu/cm? respectively). Salmonella spp. was not isolated.
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Worldwide, goat meat, especially meat of
kids, isreadily consumed for itscharacteristic taste
and desired chemical composition. As a food of
animal origin it is rich in proteins, vitamins and
minerals, whilefat content, especially cholesterol,
islow.

Breeding of goats and goat meat
consumption, despite its qualitative composition,
aredetermined by religion, traditionsand customs,
aswell as by market and consumer habitst.

Likeall other typesof meat, meat of goats
can be asource of pathogenic bacteria. In meat of
healthy goats or goats that have noclinical
symptoms, the bacteria may enter the surface of
the carcass in the abattoir, at slaughter and during
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processing of the hull. Skinning and evisceration
are operations identified as high-risk when
microbial contamination is concerned?. During
skinning, cuts are done at the ankle, hams, in the
linea alba area, chest, shank and front legs. Each
of these sections can cause the transfer of
microorganisms from the skin to the carcass, i.e.
theflesh. During evisceration, the areaaround the
anus, i.e. rectum, iscut and further processing may
cause rectal contents leakage or rupture the
intestines and colon, which isafurther possibility
of contamination of ribs, shank and chest. By
conventional veterinary examination the presence
of these bacteria on the surface of healthy
carcasses was notdetected®.

By its composition meat is an excellent
substrate for the growth and development of
bacteria which can cause, both in humans and in
animals, avariety of diseases’. On the slaughter of
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goats, the most common is contamination of

carcasses by pathogens belonging to

enterobacteria. Family  enterobacteria

(Enterobacteriaceae) includes 25 generawith more

than 80 different species. On the basis of

pathogenicity for animals, enterobacteria are
divided into three groups:

a bacteria which pathogenicity has not been
proven and are generally saprophytic
commensal bacteria,

b) pathogens which include Salmonella
species, Escherichia coli and Yersinia
Species,

C) opportunistic pathogens which in certain
circumstances cause infections, including
these genera and species: Klebsiella,
Enterobacter, Proteus, Serratia,
Edwardsiella, Citrobacter, Morganella,
Shigella®. Some of these bacteria are
zoonotic bacteria.

With in Enterobacteriaceae most
importance is given to the genus Salmonella. In
slaughterhouses, Salmonella is usually
transmitted to carcasses of goats from skin or
equipment for slaughtering. The degree of
contamination depends on the carrier state of
livestock and hygiene during the slaughter
process. It isassumed that the prevalenceincreases
asaresult of stressduring transport of animalsfor
slaughter and reduced rest before slaughter®®

According to the latest regulations®!,
determination of the total count of aerobic
mesophyilic bacteria, the number of enterobacteria
and certain pathogenic bacteria-Salmonella spp.
are used for monitoring the hygiene of facilities
and hygienic principlesat the slaughter. In addition
to pathogenic species of the family
Enterobacteriaceae, there are speciesthat are not
pathogenic and are constantly present in the
environment, so that thisfamily of bacteriacan be
used for routine monitoring. If their number is
greater than allowed, examination for the presence
of certain pathogenic bacteria should start.

The aim of our study was to determine
microbia contamination of carcasses of goats at
slaughter, before and after cooling, by
determination of the total count of aerobic
mesophyilic bacteria, bacteria of family
Enterobacteriaceae and Salmonella spp.

J PURE APPL MICROBIO, 8(1), FEBRUARY 2014.

IVANOVIC et a.: SUPERFICIAL BACTERIAL CONTAMINATION

MATERIALS AND METHODS

The material used in this study was
slaughtered goats with average body weight at
slaughter of about 50 kg. Goatswerereared in the
stable-pasture system and slaughtered®® in a
slaughterhouse with the implemented HACCP
system. Smear samples were collected and
processed during the three years period.
Regulation EC! requires that samples for
microbiological testing of carcasses should be
taken after treatment and before cooling. As this
investigation is part of a larger study, it was
decided for this paper to examine effects of cooling
temperature (24 hours) on the sustainability of
microorganisms.

Wet swabs were taken at the
slaughtering, immediately after the primary
treatment, by non-destructive method'?, from a
total of 95 goat carcasses. Sampling for
microbiological testing of carcasses of goats was
carried out as shown in Scheme. The scheme was
taken from the Guide to the implementation of
microbiological criteriafor food, published by the
Ministry of Agriculture, Trade, Forestry and Water
Management of the Republic of Serbia®®, which
complieswith ECY.

Swabsweretaken from four locationson
the body (flank, chest on the lateral side, perineal
areaand thetop of the chest from thelateral side),
with atotal areaof 100cm?per carcass. Swabswere
transferred to the laboratory in liquid transport
medium.

Samples collected by the swab method
after processing, before chilling, were taken from
the right carcass sides, while the swab samples
after chilling were taken from the | eft sides. At the
sametime, sampling for the Salmonella testing was
carried out by the swab method, using an abrasive
spongein accordance with EU Regulation'which
was replaced by EURegulation’®.

Possible sampling points at the carcasses
of goats with areas that are usually contaminated
with alarge number of microorganisms:

Flank (3); Chest, lateral (4); Perineal area
(6); Top of the chest, lateral (7).

The total count of aerobic mesophyilic
bacteria (log, cfu/cm?), the number of
Enterobacteriaceae (log, cfu/cm?) and the
presence of Salmonella spp. were determined in
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the swabs. Thetotal count of aerobic mesophyilic
bacteriawas detected by the | SO method*. Number
of Enterobacteriaceae was determined by the | SO
method®. Presence of Salmonella spp. was tested
by SO method?®.

The obtained results were interpreted
according to the table given in the European
regulation'®(Table 1).

RESULTS

Test results of the total count of aerobic
mesophyilic and Enterobacteriaceae bacteria are
showninTables2, 3,4, 5and 6.

Tables 2 and 3 show the results of total
aerobic mesophilic bacteria on carcasses of
slaughtered goats before and after chilling.

The distribution of the swab samples
according to the criteria for the total count of
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bacteria on carcasses of goats before chilling is
shown in the Table 2. From the total number of
samples (n=95) a satisfying number of bacteriawas
from 78 (perineal region) to 83 (from thetop of the
chest). Between the number of samples in the
criteria “satisfactory” statistically significant
difference was not found, although the number of
samples that meet the “satisfactory” criteria was
minimal for the swabs taken from the perineal
region. Number of acceptable swabs was from 7
(perineal region) to 11 (chest fromthelateral side).
Between the numbers of samples in the criteria
“acceptable” therewere no statistically significant
differences. Aswith thecriterion “ satisfactory”, in
the criterion “acceptable” there was numerically
smallest number of samplesinthe smearsfromthe
perineal region. Regarding the criterion
“unsatisfactory” number of samples taken from
the perineal region wassignificantly higher (p<0.05)
compared to the number of samplestaken fromthe

Table 1. Microbiological criteriaof hygienein the production process

Microbiological Total count of aerobic Enterobacteriaceae Salmonella spp.
profile of samples mesophyilic bacteria (log, cfu/cm?) (log,,cfulcm?)
Acceptable <3,5log cfulcm? <1,5log cfu/cm? It must not be
Limit value 3,5-5,01og cfu/cm? 1,5-2,5log cfu/cm? present on the tested
Unacceptable > 5,0log cfu/cm? > 2,51log cfu/cm? carcassarea
Table 2. Distribution of swab samples according to the criteria for
the total count of bacteria on carcasses of goats before chilling
Criteria Sampling points (n= 95)
Flank (n)  Chest, lateral (n)  Perineal area(n)  Top of the chest, lateral (n)
Satisfactory 80 81 78 83
Acceptable 10 11 7 10
Unsatisfactory 5 3? 10° 22

Diference letters: a, b (p<0.05)

Table 3. Distribution of swab samples according to the criteria for
the total count of bacteria on carcasses of goats after chilling

Criteria Sampling points (n= 95)

Flank (n)  Chest, lateral (n)  Perinea area(n)  Top of the chest, lateral (n)
Satisfactory 90 91 85 87
Acceptable 3 4 5 8
Unsatisfactory 2 (02 5b (02

Diference letters: a, b (p<0.05)
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lateral side of thechest, or onthelateral side of the
top of the chest, but did not differ significantly
from the number of samples in criteria
“unsatisfactory” taken from the flank.
Distribution of swab samples according
to the criteria for the total count of bacteria on
carcasses of goats after chilling is shown in the
Table 3. From thetotal number of samples (n=95)
satisfying thetotal number of bacteriawasfrom 85
(perineal region) to 91 (swab samplesfrom lateral
side of the chest). Number of samples according
tothecriteria“ acceptable” wasfrom 3 (flank) to 8
(lateral side of the top of the chest). Between the
numbers of samples in the criteria “ satisfactory”
and the criteria “acceptable” statistically
significant differenceswere not found. The number
of samplesfromthecriteria“ unsatisfactory” taken
from the perineal region was significantly higher
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than the number of samples in this criteria taken
from the outside of the chest, or on the outside of
thetop of the chest, but did not significantly differ
from the number of samples from the criteria
“unsatisfactory” taken from the flank.

Results of the number of bacteria from
the family Enterobacteriaceae on carcasses of
slaughtered goats before and after chilling are
shown in the Table 4 and 5.

Distribution of the samples according to
the criteria for Enterobacteriaceae on carcasses
of goatsbefore chillingisshownin Table4. It was
found that the number of swabsfrom the criterion
“satisfactory” taken from the perineal region was
significantly lower (p<0.001) than the number of
swabstaken from thetop of the chest. Thisnumber
was also statistically lower (p<0.01) compared to
the number of swabs from thiscriteriain samples

Table 4. Distribution of swab samples according to the criteriafor the
total number of Entero bacteriaceae on carcasses of goats before chilling

Criteria Sampling points (n= 95)

Flank (n)  Chest, lateral (n)  Perinea area(n)  Top of the chest, lateral (n)
Satisfactory 85" 83a 70v5h 908
Acceptable 8 7a 18> Q
Unsatisfactory 2 5 7 1

Diference letters: a, b (p<0.05); X, y (p<0.01); o, B(p<0.001)

Table 5. Distribution of swab samples according to the criteriafor the
total number of Enterobacteriaceae on carcasses of goats after chilling

Criteria Sampling points (n= 95)

Flank (n)  Chest, lateral (n)  Perinea area(n)  Top of the chest, lateral (n)
Satisfactory 907 85 80° 907
Acceptable 5 9 13 5
Unsatisfactory 0 1 2 0

Diference letters: a, b (p<0.05)

Table 6. Comparative summary (all sampling points) of the bacteriological status of goat carcasses before and after
chilling according to the criteriafor the total bacteria count and the total numberof Enterobacteriaceae (n=380)

Criteria Total bacteria count Enterobacteriaceae

Before chilling (n) After chilling (n) Before chilling (n) After chilling (n)
Satisfactory 328« 353 328 345
Acceptable 372 20° 37 32
Unsatisfactory 15 15a 3b

Diference letters: a, b (p<0.05);x,y (p<0.01)
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Fig. 1.

taken from the flank region, and a so significantly
lower (p<0.05) compared to the number of swabs
fromthiscriterionin samplestaken fromthelateral
side of the chest. Test results show that the number
of samples from the criteria of “acceptable” was
statistically significantly higher (p<0.01) in the
samplestaken from the perineal regioninrelation
to the number of swabstaken for thiscriteriafrom
the lateral side of the top of the chest. It was
determined that this number was significantly
higher (p<0.05) compared to the number of swabs
taken from theflanksor fromthelateral side of the
chest. Numerically the largest number of smears,
but not statistically significant, from the criterion
“unsatisfactory” wasfound in samplestaken from
theperineal region (7) and thelowest inthe samples
taken from the lateral side of the top of the chest
.

After chilling number of swabsfrom the
criterion “satisfactory” taken from the perineal
region was significantly lower (p <0.05) compared
to the number of swabstaken from theflank or the
lateral side of thetop of the chest. Number of swabs
fromthecriteria“ acceptable” wasfrom 5 (flank or
lateral side of the top of the chest) to 13 (perineal
region). Between the numbers of smearsfrom the
criteria “acceptable” statistically significant
difference was not found. Also it was not noted in
the criterion “unsatisfactory” (Table 5).

Table 6 presents acomparative summary
of the bacteriological status of goat carcasses
before and after chilling according to the criteria
for total bacterial count and total number of
Enterobacteriaceae (n=380). It was found that
regarding the criterion “satisfactory” number of
swabs (353) related to the total count of bacteria
after chilling was significantly higher(p<0.01) than
the number of these results (328) before chilling.
Number of smears related to the total count of
bacteria according to the criteria “acceptable”

before chilling was significantly higher (p<0.05)
compared to thiscriterion after chilling. Therewas
no statistically significant difference between the
number of smears by the criteria“ unsatisfactory”
inrelationto thetotal count of bacteriabefore (15)
and after chilling (7), although numerically after
chilling that number was smaller

Between the numbers of “satisfactory”,
as well as “acceptable”, smears regarding
enterobacteria before and after chilling were no
statistically significant differences (Table 6).
However, the number of swabs for number of
enterobacteriain the criteria“ unsatisfactory” was
significantly lower (p <0.05) after chilling carcasses
in relation to the number of swabsfrom the above
criteriabefore chilling.

Salmonella spp. was not detected at the
examined area on the carcasses of slaughtered
goats.

All 95 samplestaken from goat carcasses
were examined for the presence of Salmonella spp.
In all samples Salmonella spp. was not identified.
Percentage of the results for the criteria
“satisfactory”, “acceptable” and “unsatisfactory”
for the total number of bacteria and for the total

Fig. 2.
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number of enterobacteria varies depending on
whether the swabs aretaken before or after chilling.
Thus, the “satisfactory” criterion related to the
total number of bacteria for smears taken before
chilling was 86.31% and after chilling 92.89%.
According to the criterion “acceptable” part of
smearsrelated to thetotal number of bacteriabefore
chilling was 9.74% and after chilling 5.26%, while
according to the criteria “unsatisfactory”
percentage of smears related to the total number
of bacteria before chilling was 3.94% and 1.84%
after chilling (Figure 1).

Percentage of the smears related to the
total number of enterobacteria before chilling for
the criterion “ satisfactory” was 86.32% and after
chilling inthiscriterion was 90.79%. According to
the criterion “acceptable” the total number of
smearsrelated to enterobacteriabefore chilling was
9.74% and 8.42% after chilling, while for the
criterion “unsatisfactory” participation of smears
related to the total number of enterobacteriabefore
chillingwas 3.94% and 0.79% after it (Fig. 2).

DISCUSSION

Test results for the total number of
aerobicbacteria in our trials (Table 2) are in
agreement with the results of Dragojevic!’. During
three years she examined the total number of
bacteria on carcasses of cattle, on 200 samples,
using swabsfrom four sampling points: neck, chest,
leg and tail set. Daily average values of total
bacterial count expressed as log , cfucmon
carcasses of cattlewerein 2011 from 0.53£0.30 to
2.93+0.67,in 20100.80+0.33t02.27+0.40 and in 2009
from 0.85+0.34 to 1.84+0.20. Our results are also
consistent with theresults of Lilieeet al*8. Authors
tested swab samplestaken from 100 beef carcasses
before chilling. Test results of the mentioned
authors showed that the average values of the
total number of aerobic bacteriaon beef carcasses
before chilling were <2.80 log, , cfu/cm?. Nouichi®
took swabs from 120 carcasses of sheep and 90
cattle carcasses, from three anatomical regions
(perineal area; lateral side of the chest and lateral
side of the top of the chest), to test the number of
aerobic mesophilic bacteria.

Results®, for samplesrelated to sheep, but
not for the samples pertaining to cattle, are in
accordance to the results presented in Table 2.
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Nouichi?, found that the average number of bacteria
isolated from the surface of sheep carcasses was
3.11+0.68log, , cfu/cn? £ s, and from the carcasses
of cattle 4.48+0.63 log,, cfu/cm? + s. The results
presented in Table 4 are consistent with the results
of Dragojevicl. She collected the samples from
carcasses of cattle for enumeration of
enterobacteriain the same manner asfor the total
number of bacteria. Daily average values of total
enterobacteria expressed as log, cfu/cm? on
carcasses of cattlewerein 2011 from 0.18+0.06 to
1.56+0.54,in20100.50£0.02t00.66+0.18 andin 2009
from 0.25+0.05t0 1.35+0.40.

Our results are also consistent with the
results of Liliaeet al*® who tested swab samples
taken from 100 beef carcasses before chilling.
Those results showed that the average value of
the Enterobacteriaceaefamily was <0.801og,  cfu/
cm?. According to the criteria prescribed by
European regulation®, our results are consistent
with the results of Bennadji et al*. Mentioned
authors have investigated total count of
Enterobacteriaceae on carcasses of young cattle.
Their finding was 2.59+0.2910g, ,cfu/cm?. Nouichi®
examined thetotal number of enterobacteriaon 90
beef carcasses and the mean value was 2.92+0.43
log,cfu/cm?. These values are not consistent with
the values that we have presented in Table 4.

Our findings are consistent with those
by Dragojevict” who did not isolate Salmonella
spp. from examined samples in her studies. But,
our results are not in agreement with results by
Liliee et al'® that detected the presence of
Salmonella spp. inthe 100 samplestaken from cattle
carcasses. They pulled atotal of 5 primo isolates.
By subsequent serological tests they found that
they belonged to Salmonella enterica subsp.
Enterica serovar Typhimurium (3 isolates),
Salmonella enterica subsp. Enterica serovar
Dublin (1 isolate) and Salmonella enterica subsp.
Enterica serovar Infantis (1 isolate).

Our resultsare aso in consistent with the
results obtained by Nouichi®. This author isolated
Salmonella spp. from one sample of 120 samples
taken from 120 carcasses of sheep, whilein cattle
heisolated Salmonella spp from 7 of the 90 samples
taken from 90 cattle carcasses. By serotyping he
found the presence of S. anatum (76.9%), S.
arizonae (15.4%), and S. abortusovis (7.7%).

Byrne et al?® examined the total number
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of bacteria, enterobacteriaand coliform bacteriain
five categories of sheep. The categoriesincluded:
(A) cleanand dry, (B) clean and wet, (C) dirty and
dry, (D) and wet and dirty (E) with visible faecal
dags. Swabs were taken after slaughter from four
points: brisket, shoulder, flank and rump. The
findings of these authors which refer to the total
number of bacteria, according to EC 2073/2005
belong to themicrobiological criteria“ satisfactory”
and “acceptable”. Our results are not fully
consistent, as part of them belong to the category
“unsatisfactory” (5 flank samples, chest on|ateral
side 3 samples, 10 samplesfrom perineal area, top
of the chest on lateral side 2 samples), what
indicates that the hygiene of our carcasses is at
the lower level comparing to the hygiene of
carcasses that showed Byrne et al?.

According to the sasme EC Regulation,
the results for enterobacteria presented by Byrne
et al®, for all types of samples, belong to the
category “unsatisfactory”. Our results are not
consistent with these findings, because from the
total of 380 samples only 3 are in this category.
Sudhakar et al?* took swabs from carcasses of
sheep and goatsin aslaughterhouse after different
stages of processing and from the carcasses in
stores. They determined the total number of
bacteria and the presence of individual species of
bacteria. If thevaluesthey got for the total number
after evisceration (6.06+£0.53) are interpreted
according to theregulation EC, they all belong to
the category “unsatisfactory”. It is possible to
interpret the resultsfor enterobacteriain the same
way. Our results are not consistent with these
results and they suggest that hygiene in our
abattoir ison ahigher level.

Based on the number of aerobic bacteria,
it can be concluded that the hygiene of the goats
slaughtering line is at the satisfactory level in 82-
87% of casesand at the acceptablelevel in 7-12%
of cases. In 2-11% of swab samples determined
number of aerobic bacteriaisat unacceptablelevel
in terms of microbiological criteria for carcasses
before chilling. Also, based on the number of
aerobic bacteria, it can be concluded that the
hygiene of the goats slaughtering line is at the
satisfactory level in 89-96% of cases and at the
acceptablelevel in 3-8% of cases. In 2-5% of swab
sampl es determined number of aerobic bacteriais
at unacceptable level in terms of microbiological
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criteriafor carcasses after chilling.

The number of bacteria from
Enterobacteriaceae family was at the satisfactory
level in 74-95% of samples, whilein the acceptable
rangewere4-24% of cases. Microbiological criteria
did not meet 1-7% of samplestaken before chilling.
The number of bacteriafrom thisfamily wasat the
satisfactory level in 84-94% of samples, whilein
the acceptable range were 4-5% of cases.
Microbiological criteria did not meet 1-2 % of
samplestaken after chilling.

Those results show that the cooling
temperature affects (24 hours) the sustainability
of microorganisms. On the other side, Salmonella
pp. hasnot beenidentifiedin all examined samples.
In conclusion, the hygiene of the goats
slaughtering line presented here is at the
satisfactory level.
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