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1. INTRODUCTION

Meat is one of the most important livestock product and is also highly
perishable, but play a significant role in human nutrition. The production of meat in
India in 1980 was 0.85 million metric tonnes. In 1990 and 2000, the meat production
of the country was 3.8 and-4.6 million metric tonnes. This indicates that the meat
production in the country showed a progressive rise during the past two decades.
The per capita consumption of meat in the country is only 9.5 g/day with is far
below from 30 g/day recommended by ICMR. The meat production in the country
primarily depends on the livestock. India has the highest livestock population in the
world and the present meat production scenario is 219.6 million cattle, 94.1 million
buffaloes, 58.2 million sheep, 123.5 million goat, 17.5 million pigs and 413 million
poultry. In spite of many restrictions, pig ié the only species reared exclusively for
meat production. Due to its high prolificacy, efficient feed conversion into edible
meat, short generation interval, fast growth rate, low cost of price of pork, larger
availably of meat in tenﬁs of quantity and energy than other livestock species and
other biological advantages, pigs play an important role to make up the increasing
protein demand. In 2000, world pork production was 8.9 million lonncs of which
India contributed 560 thousand tonnes, In Kerala, the pork production depends on
1.43 lakh pigs, which is one per cent of total pig population in the country. Despite,

religious taboos there is an increased demand for pork and its products in the state.

In India, meat is produced in 3600 abattoirs which are under the coﬁtrol of
local authorities. The infrastructure facilities and hygienic conditions prevailing in
majority of the slaughterhouses are far below from satisfactory. In 1970’s, eight
bacon factories were established in different states of the country for the production
and processing of pork. Most of these bacon factories have now been closed. At

present, 24 processing.plants are operating under private sector for the production

and processing of meat to meet the export trade in the country.

During the production of pork, pigs pass through various operations viz.,
antemortem inspection, ‘stun‘ning, sticking, scalding, dehairing, singeing,

evisceration, washing and chilling or proc‘essing. During these process, pig is being



handled by many workers and are being exposed to different equipments and also to
the environment. All these activities lead to bacterial contamination of pork. The
contaminants include. spoilage or saprophytic organisms and also pathogenic
organisms. Contamination of pork with the former group of organisms and their
subsequent growth and multiplication on the carcasses leads to spoilage of meat
which results in economic loss to the meat trade and the loss of valuable animal
product. However, the growth and multiplication of the latter group of organisms
may not produce appreciable change on the carcass or meat but produce foodborne
infection and intoxication in the consumers. On perusal of literature, it is observed
that the data on the bacteriological quality of pork particularly on carcasses in the
dressing line is scanty and hence the present study was undertaken with the

following objectives:

1. To assess bacterial quality of pork carcasses collected from two sites of the
dressing line by estimating
a. Total viable count
b. Coliforms count
c. Escherichia coli count

d. Faecal streptococcal count

2. To detect the presence of bacteria of public health significance viz.,

a. Escherichia coli
b. Stapholococcus aureus
c. Salmonella
d. Listeria monocytogenes
3. To evaluate the role of environment, processing equipments and personnel

involved in the dressing line, in the contamination of the carcasses by

estimating the bacterial load, as indicated in the first objective.






~ 2.REVIEW OF LITERATURE

2.1 BACTERIAL COUNT
2.1.1 Total viable count

Salm et al. (1978) evaluated the microbial load of three groups of skinned
hog carcasses. The mean total plate count at ﬁam, belly and shoulder of skinned
carcasses were 254 1 86, 153 & 47 and 522 + 117 'organisms/crnz. The
corresponding count for scalded carcasses were 969 £ 162, 140 = 28 and 102 + 28

organisms/cm?,

The total aerobic plate count of the samples from native pig carcasses varied

from 1.1 x 10° to 1.07 x 10° per gram (Nair ez al., 1984).

The mean t'otal viable count for excision and swab samples from an abattoir
where carcasses were scalded by tank scalding were 4.036 logo count/cm?® and
3.712 logio count/cmz, respectively. The corresponding count for samples from
another abattoir where steam chamber was used for scalding were 4.074 logjp

count/cm? and 3.735 logio count/cmz, respectively (Morgan et al., 1985).

Scriven and Singh (1986) reported that the mean total plate count of pork

rump was 4.1 x 10%/g and for minced pork samples was 5.1 x 107/g.

Gupta et al. (1987) assessed the bacteriological quality of fresh pork
samples collected from modern, semi-modern and rural slaughterhouses and two
retail shops at 15 days interval. The mean standard plate count of samples
belonging to modern, semi modemn and rural slaughterhouses was 8.08, 5.38 and
5.77 logi/g, respectively. The count in the samples belonging to one of the shop

was 9.14 log;o/g and that from the other shop was 8.11 logjo/g.

The mean total viable count per gram of pork samples obtained from meat
laboratory was 0.08 x 10%nd that from local market was 44.3 x 10° (Borah et al,
1992).



Rahkio and Korkeala (1992) evaluated the microbial contamination level of
pork carcasses during the slaughtering process. The mean total aerobic count of
unbrushed and brushed eviscerated carcasses was 3.29 + 0.41 and 3.32 + 0.46 logig
Jem?, respectively. The ham region of unbrushed and brushed carcasses revealed a

count of 3.31 + 0.36 and 3.43 % 0.42 logy /cm®.

Qand Bryant (1993) sampled pig carcasses, leaving dehairing machine
and polishing machine on six days, at two plants A and B. Carcasses leaving the
dehairing equipment at plant A had total numbers between 9.73 x 10%and 1.0 x 10*
cfu/cm® and those at plant B had the count between 1.2 x 10* and 7.9 x 10* cfu/em?.
Carcasses leaving the polisher at plant A yielded total count in the range of 1.2 x
10° and 2.2 x 10 cfu/cm?® and the corresponding count of samples taken from plant

B was in the range of 2.8 x 10% to 5.5 x 10 cfu/em’.

<« Gill ef al. (1995) determined the total number of bacteria in a batch of five
polished uneviscerated carcasses selected randomly. The mean count on back,
waist, belly and foreleg was 7.9 x 10% 4.7 x 10%, 8 x 10% and 2.0 x 10° per cm?,

respectively.

< Sharpe et al. (1996) obtained tota] viable count ranging from 3.54 to 4.02

logio cfu/em? on skin of neck areas of pork carcasses.

Gill and Jones (1997a) assessed the hygienic characteristics of a dressing
procesﬁ pasteurised pig carcasses. The mean total aerobic count of the carcasses
entering the dressing process was 0.57 logjo/cm” and the count on the carcasses that

exit the process was 2.59 logio/cm®.

/Gill et al. (1997) evaluated the bacterial quality of pig carcasses in two sets,
selected randomly from those entering or leaving pasteurisation treatment during
normal commercial operation. The estimated mean bacterial count in the samples

belonging to set one was 2.38 logm/cm2 and in the other set, the count was 2.25

logo/cm?.



The mean aerobic count of the samples obtained from head, diaphragm,
belly-sternum and pelvic cavity of pork carcasses was 5.32, 4.63, 5.65 and 5.28 log
cfu/g, respectively (Miller et al., 1997).

@o and Korkeala (1997) evaluated the level of airborne bacteria on 58
pork carcasses collected from four slaughter houses, A, B, C and D. The mean
bacterial count at the neck and abdomen area on pig carcasses in slaughterhouses B
and D was 2.55 % 0.69 log cfu/cm’ and 2.81 + 0.65 log cfu/cm’ respectively. The
corresponding count of the samples collected from slaughterhouses, A and C was

3.76 + 0.49 log cfu/cm?® and 3.34 + 0.39 log cfu/cm?.

Carr et al. (1998) evaluated the chilling and trimming effects on the
mlr(bial populations of 30 pork carcasses. The mean aerobic plate count of hot fat
trimmed and not fat trimmed carcasses was 5.9 £ 5.4 and 5.5+ 5.4 log 10 cf/em?,

respectively.

/Gillland.Jone;s (1998) evaluated the bacterial quality of two sets of pig
carcasses, at neck site, subjected to three operations in a modified pig carcass
dressing process comprising of carcass polishing, cutting open the throat and floor
of mouth and after pasteurisation. In the first process, carcasses belonging to set one
had a mean total aerobic count of 1.90 log cf/em®. The count of samples taken
after cutting open the throat and floor of mouth and after pasteurisation was 2.95
and 0.98 log cf/em®. The second set of carcasses, yielded aerobic count of 1.93,

3.06 and 1.26 log cfu/cm? at the three stages, respectively.

Gill et al. (1998) evaluated the effect of hot water pasteurising treatment on
batterial load of pig carcasses. The mean total aerobic count on the carcasses before

treatment of unsplit carcasses was 3.22 log cfu/cm® and the corresponding count on

split7ésses was 2.81 log cfu/em?,

Waskar et al. (1998) reported that the mean total mesophilic aerobic plate
count of deboned and minced pork samples as 6.483 and 7.258 log cfu/g,

respectively.
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ﬁalumbo et al. (1999) compared the efficiency of excision and swabbing
methods to determine the microbial qﬁality of pork carcass surface. The study
revealed that the mean aerobic plate count by one site swab method at belly was
3.29 + 0.52 log cfu/cm?® and the count by three-site swab method at jowl, belly and

ham was 4.15 £ 0.64 log cfu/cm?,

@et al. (1999) evaluated the bacterial quality of pork carcasses selected
randomly from the various stages of processing. The study revealed that the
samples collected from dehaired carcasses had mean aerobic plate count of 3.31,
1.83, 1.88 and 1.03 logyo cf/em?® before first polishing, after second singeing,

before chilling and after chilling, respectively.

Aland Jones (2000) compared the efficiency of recovery of bacteria by
excision and swabbing with cellulose :acetate sponge, medical gauze and cotton
wool. Samples were collected from two groups of pig carcasses leaving spray
cooling process of a pork packing plarit. The mean total aerobic count recovered
from carcasses belonging to group one was 2.78, 2.24, 2.32 and 2.29 logio/em? in
samples collected by excision, sponge, gauze and cotton wool swabbing,
respectively. The corresponding count of the samples obtained by these methods in

the group two carcasses were 2.37, 2.35; 2.38 and 2.12 log;¢/em?.

}Er‘ifét al. (2000a) evaluated the microbiological quality of pig carcasses at
eight packing plants, viz,, A, B, C,D, E, F, G and H. The mean total aerobic count
of samples collected from these plants after dressing were 3.78, 3.47, 3.25, 3.04,
2.54,2.33,2.54 and 1.83 log)o cﬁllcn‘iz,‘respectivcly.

|

(]

Gill et al. (2000b) examined the count of two sets of pig carcasses leaving
the dressing process. The mean aerobic count obtained in each sets was 3.16 logio

cf/em?® and 3.47 logio cfu/em?, respect,i:\:{ely.

Rivas et al. (2000) estimated the microbial contamination of pig carcasses at
post bleeding, post scalding, post dehairing, post scraping and at the end of line.
The study revealed that the highest megﬁ aerobic plate count in samples collected at

post bleeding was 4.68 + 0.15 log cficm? and the lowest count (2.54 £ 0.56) log



cfu/em?® in samples collected at post scalding. The mean count of samples taken at
post dehairing, post scraping, post evisceration and at end of line was 4.26 * 0.31,
3.72 £ 0.32, 3.53 + 0.22 and 3.81 + 0.28 log cfu/om’, respectively. During the
investigation the bacterial quality of unwashed non-GMP carcasses, unwashed,
GMP carcasses and washed GMP carcasses were also estimated. The mean aerobic
plate count of unwashed non GMP carcasses was 3.91 £ 0.26 log cfu/cm?. The
mean count of the unwashed, GMP carcasses and washed GMP carcasses was 3.96

+0.32 and 3.66 = 0.50 log cfu/cm?, respectively.

/@elo et al. (2001a) evaluated the microbial load on lean and fat trim pork
loins obtained from abattoir and reported that the lean pork trim had a mean aerobic

population of 4.82 + 0.32 logio cfu/cm’.

(Gﬁl and Badoni (2001) evaluated the microbiological effects of a
pasteurisation treatment and subsequent trimming of sticking wounds, in pig
carcasses. The mean total aerobic count of carcass samples collected before
pasteurisation was 2.18 log;o/cm®. The samples taken after pasteurisation had a
mean count of 1.97 log;o cfu/cm?, whereas, the samples collected after trimming the

sticking wound had a mean count of 2.26 logyo cfw/em®.

-G/iil et al. (2001) evaluated the recovery rates of bacteria by excision and
swabbing with cotton wool, cellulose acetate sponge and gauze from sets of fat and
lean pork loins. The mean aerobic plate count of samples collected from fat loins by
excision, swabbing with cotton wool, cellulose acetate sponge and gauze was 3.51,
2.89, 2.96 and 3.12 logjo/em’, respectively. The corresponding count of samples
collected from lean loins was 3.37, 3.01, 2.78 and 2.31 10g10/cm2.

/Hansson (2001) determined the microbiological quality of pork carcasses,
each from four high capacity slaughterhouses and four low capacity slaughter
houses. The mean aerobic microorganisms on the pork carcasses was 3.44 log;o

‘ cfu/cm?® at high capacity slaughter houses and 3.34 log;o cfi/em? at low capacity

slaughter houses.



Yu et al. (2001) determined the efficiency of excision and sponge swabbing
methods in the recovery of bacteria from jowl area of prechill and post chill pig
carcasses. The mean aerobic count of prechilled carcasses by excisién method was
2.54 log cfifem? and by swabbing the count was 1.61 log cfw/cm?®. The count by
excision and swabbing of post chill carcasses were 1.69 and 1.07 log cfu/cm’

respectively.

Bolton et al. (2002) examined pigs to evaluate the number of bacteria on
live animals before transport to abattoir and on carcasses after power hosing,
bleeding, scalding-dehairing, singeing, preevisceration power-hosing, evisceration,
final washing and chilling. The carcasses after final washing had total aerobic count
that ranged from 3.6 to 4.0 logo cfu/cm?.

2.1.2 Coliforms count

Nair et al. (1984) determined the bacteriological quality of native pig
carcasses by MPN method and reported that the coliforms count of the samples
ranged from 2.5 x 10 to 3.2 x 10%/g. '

Scriven and Singh (1986) assessed the microbial quality of retail pork rump
and minced pork samples. The mean MPN of coliforms of the former samples was

119 cells /g and that of the latter samples was 2091 cells/g.

Gupté et al. (1987) evaluated the influence of abattoir types and retail shops
on the bacterial quality of pork. During the investigation, samples were collected
from two retail shops and from modern, semi-modern and rural abattoir types. The
mean MPN coliforms of the samples obtained from modern and semi-modern
abattoirs was 6.85 and 4.30 logo/g, respectively. The MPA of the samples from
rural abattoir was 4.5 logio/g. The mean MPN of coliforms in the samples
belonging to one of the retail shops was 7.81 log;o/g and the count of samples from

the other retail shop was 6.44 logo/g.



Borah et al. (1992) assessed the bacteriological quality -of pork samples
collected from meats laboratory and from local market and reported that 47.37 per

cent of the isolates were coliforms.

Gill and Jones (1997a) assessed the hygienic characteristics of a dressing
process of pasteurised pig carcasses. The hygienic effect of selected operations was
examined by sampling an appropriate site on carcasses entering and Ieaving the
operation. None of the carcasses entering the process had coliforms but carcasses

that exit the process had mean coliforms count of 1.77 log;o cfw/100 cm?.

Gill et al. (1997) evaluated the bacterial quality of pig carcasses in sets of
two, selected randomly from those entering or leaving pasteurisation treatment. The
estimated mear coliforms count in the samples belonging to set one was 4.31

log0/100 cm? and }in the other set, the count was 3.65 log;¢/100 cm®.

Carr et al. (1998) assessed the effect of chilling and trimming on the
microbial populations of pig carcasses. The mean coliforms count of hot fat
trimmed normal and freeze chilled carcasses was 2.4 and 2.7 logio cfu/cm?,
respectively. The non-fat trimmed normally chilled carcasses had a mean coliforms
count of 3.9 logio cfu/cm® and the count in the non-fat trimmed freeze chilled

carcases was 3.0 logo cfu/cm?®.

Gill, and Jones- (1998b) examined the bacterial quality of two sets of pig
carcasses. The samples from each carcass was selected from neck site after
pdlishigg, cutting open the throat and floor of mouth and pasteurisation. The mean
" coliforms count of carcasses in set one after polishing was 0.71 logyo ¢f/100 cm®
and the count in the samples collected after cutting open the throat and floor of
mouth was 2.82 logje cfu/100 cm?. However,, the total number of organisms on
pasteurised carcasses was 1.20 log;o cf/2500 cm?. For the second set of carcasses,
the mean coliforms count of samples collected after cutting open the throat and

floor of mouth was 3.02 logo cfu/100 cm?.
/

/ Gill et al. (1998) assessed the effect of hot water pasteurisation on the

bacterial quality of pig carcasses selected randomly. The mean coliforms count on
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unsplit carcasses prior to treatment was 1.78 log;o cfu/100 cm®. However, total
number of coliforms recovered from treated unsplit carcasses was 0.48 log/2500
cm®. The total coliforms recovered from pasteurized and unpasteurised split

carcasses were 3.39 log cf/2500 cm? and 0.60 log cfi/2500 cm?, respectively.

Laubach-et al. (1998) evaluated the microbiological quality of hot-boned
head meat samples and reported that the coliforms level of samples was 2.37 £ 0.42

logo cfu/g.

Waskarer al. (1998) evaluated the microbiological profile of raw, semi
processec/pork products and ingredients used in manufacture of processed pork
products. The study revealed that deboned meat had a mean coliforms count of
4.243 log cfu/g.

Palumbo ‘et al. (1999) evaluated the efficiency of recovery of
micrc(rganisms from surface of swine carcasses by excision and swabbing
techniques. The mean coliforms count of carcasses by one-site swab method was—
0.19 £ 0.41 log cfu/cm® whereas, the three site swab method yielded a mean

coliforms count of 0.28 + 0.87 log cfu/em?’.

A et al. (1999) determined the microbiological quality of dehaired swine
carcasses selected at random from different stages of operations. The mean number
of coliforms on carcasses before first polishing was 1.75 logjo cfu/em?. The count
on carcasses after second singeing, before and after chilling was 0.66, 0.92 and —

0.54 logyo cfu/cm?, respectively.

Gill and Jones (2000) compared the efficiency of recovery of bacteria from
comfnercial pig carcasses by excision, and swabbing with cellulose acetate sponge,
medical gauze and cotton wool on two groups of carcasses leaving spray cooling
process. The total number of coliforms recovered from samples collected from one
of the grou;is by excision, swabbing with sponge, gauze and cotton wool was 1.78
logio cf/250 cm?, 4.01 logie cf/2500 cm?, 2.77 logo cft/2500 cm? and 1.40 logyo

cfu/125 cm?, respectively. The corresponding count of samples belonging to the
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other group was 1.89 logo cfw/250 cm?, 2.73 logyo cfu/2500 em?, 4.19 logio
cfi/2500 cm? and 1.95 log;o cfi/125 cm?, respectively.

Gilletal. (2000a) assessed the microbiological conditions of pig carcasses
each obta(ned from processing plants after polishing, dressing and cooling. Polished
carcasses obtained from plants A, B, C, D, E and F had a mean coliforms count of
1.38, 1.06, 1.72, 2.77, 2.13 and 1.32 logyo cfu/100 cm’, respectively. The count in
the finally washed carcasses obtained from the plants A, B, C, D and E was 3.04,
2.08, 1.58, 2.35 and 1.90 logo cf/100 cm?, respectively.

QH@I. (2000b) evaluated the coliforms count of two sets of pig
carcasses, each leaving the dressing process at a small abattoir. The mean coliforms
count of carcasses belonging to one of the sets was 4.27 log;o cfu/100 cm? and the

count in the other set was 3.51 logo ¢fu/100 cm?.

4{aset al. (2000) examined the level of microbial contamination on pig
carcass samples collected after bleeding, scalding, dehairing, scraping, evisceration
and at the end of line. The study revealed that the mean coliforms count on the
carcasses after evisceration and at the end of line was 1.18 + 0.84 log cfu/ cm” and
1.39 £ 0.98 log cfu/em?, respectively. The study also inclucied the coliforms count
of unwashed non-GMLP carcasses, unwashed GMP carcasses and washed GMP
carcasses. The mean coliforms count in unwashed non“-GMP carcasses was 1.21 =
0.74 log ‘cfu/c;nz. The count on unwashed GMP carcasses and washed GMP

carcasses was 0.25 + 0.45 and 0.14 + 0.32 log cfu/cm?, respectively.

Castélo et al. (2001a) evaluated the microbial decontarhinating effect of
various treatments on lean and fat trims of pork loins. The mean coliforms
population on untreated lean pork trims was 4.51 + 0.48 log;o cf/om? and the count

on untreated fat' pork trims was 4.37 % 0.18 logyo cfu/cm?.

Castelo et al. (2001b) assessed the microbial attributes of ground pork
prepared from pork trim subjected to different treatments. The total coliforms

population in untreated ground pork samples was 3.54 log cfu/g. .



12

Gill and—Badoni (2001) assessed the microbiological effects of
pasteurisation/’?re/afment and subsequent trimming of sticking wound on
microbiological condition of sticking wound.area in pig carcasses. The mean
coliforms count on carcasses before pasteurisation was 0.92 log cfi/cm®. The total

number of coliforms recovered after pasteurisation and trimming were 1.04 and
1.99 cfu/2500 cm?, respectively.

Gill et al. (2001) evaluated the recovery efficiency of bacteria by excision
and swabbing with cotton wool, cellulose acetate sponge and gauze on fat and lean
pork loins. The mean coliforms count on fat loin samples collected by excision,
swabbing with cotton wool, sponge and gauze was 2.23, 2.22, 1.68 and 1.14
logocfu/100 cmz, respectively. The corresponding count of samples collected from

lean loins was 2.30, 2.29, 1.90 and 1.50 log10 cfu/100 cm?, respectively.

Hansson (2001) evaluated the microbiological quality of pork carcasses in
high and low capacity slaughter houses. The highest value of coliforms on pork
carcasses from high capacity abattoirs was 345 coliforms/cm® and that of the low

capacity abattoirs was 5500 coliforms /cm?.

et al. (2001) evaluated the efficiency of recovery of bacteria from jow!l
area of prechill and post chill swine carcasses by excision and sponge swabbing
methods. The pre chilled carcasses had a mean coliforms count of 1.35 log cfi/em?
in the former method and- 0.70 log cfuw/cm? by latter method. The samples taken

from post chill carcasses by excision and swabbing method had count at the level of

~0.05 and —1.00 log cfu/cm?, respectively.

Erdmann et al. (2002) compared the efficiency of m-coli blue 24 (mCB) and
violet red bile agar (VRBA) medium in recovering coliforms from pork samples

collected by sponge swabbing technique. The coliforms count in the former

medium was 7.4 cfu/15 cm? and that of latter medium was 6.1 cfu/15 cm?.
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2.1.3 Escherichia coli count

Scrivén and Singh (1986) evaluated the microbial quality of minced pork
and Tretail pork rump samples. The MPN Escherichia coli in minced pork samples

~ was 678 cells per g and on pork rump was 11 cells per gram.

Gupta et al. (1987) assessed the bacteriological quality of fresh pork
sampg collected from modern, se?ni-modem and rural abatto,irs and also from two
retail shops. The mean MPN Escherichia coli of samples from modern abattoir was
6.49 logio/g, whereas the count of samples from semi-modern and rural abattoirs
was 3.51 and 3.87 logyo/g, respectively. The count of the samples belonging to one

of the shops was 7.07 logo/g and that of samples from the other shop was 6.07
log1o/g.

: @ Bryant (1993) estimated the number of Escherichia coli on pig
carcasses each leaving dehairing and polishing machines on six days, at two plants
A and B. The level of Escherichia coli on carcasses leaving the dehairing
equipment at plant A ranged between 9.0 x 10" and 8.9 x 10? cfu/em® and the count
on the carcasses leaving the equipment at plant B varied from 4.3 x 10% to 4.3 x 10°
cfu/cm?®. The count on the carcasses leaving the polishing machines at plants A and

B ranged between 1 and 6 cfu/em® and 6 and 2.5 x 10' cfi/em?, respectively.

Vogster et al. (1994) reported the mean MPN of Escherichia coli on

shoulderham samples as 1.2 log;o/g.

Gill et al. (1995) evaluated the microbial quality of polished, uneviscerated

pig carcadses. The numbers of Escherichia coli recovered from unpasteurised

carcasses varied upto the level of 6.2 /om?.

ill and Jones (1997a) assessed the hygienic performance of selected
operations followed during the production of pasteurized pig carcasses. None of the
carcasses entering the processes revealed the presence of Escherichia coli whereas,

the carcasses leaving the process had a mean Escherichia coli count of 0.99
log;¢/100cm?.
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vyalr(ww) analysed the microbial quality of pig carcasses selected at
rando

{ from those entering or leaving pasteurisation treatment during commercial
operations. The total number of Escherichia coli recovered from the samples
grouped into two sets at sites other than anal area, before pasteurisation were 158
and 72. The samples collected from the anal area belonging to first set had a mean
count of 3.98 logm/100<:m2 and the count on the second set of carcasses was 3.53

log1¢/100 cm.

Gi l/in/d Jones (1998a) compared the efficiency of three swab sampling
methods in recovering Escherichia coli on pig carcasses leaving the cooling
process. The mean Escherichia coli count recovered by the methods A and B was—
0.24 and —0.17 log;o/24 cm? whereas, method C had a recovery rate of -0.27
log10/100 cm®,

61/1 and Jones (1998b) evaluated the bacterial quality of two sets of pig
carcasses The samples from each pig carcass was collected at the neck site after
polishing, cutting open throat and floor of mouth and pasteurisation. The
Escherichia coli count in one of the sets of carcasses after polishing and cutting
open throat and floor of mouth were 1.85 and 2.31 log/2500 cm?, respectively. The
corresponding count on the second set of carcasses was 2.03 and 2.44 1og/2500 cm?,

respectively. However, the pasteurized carcasses were found free of the organism in
both the sets.

Gill/et al. (1998) analysed the effect of hot water pasteurisation on bacterial
Ioadé pig carcasses. The total number of Escherichia coli recovered from unsplit
and split carcasses prior to pasteurisation was 2.28 and 3.33 log cfu/2500 cm?,

respectively. The organism could not be detected in unsplit and split pasteurised

carcasses.

L/aubach et al. (1998) analysed the microbiological characteristics of swine

head meat samples. Based on 144 samples, the level of Escherichia coli was 2.25 +
0.42 Iogm cfu/g
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Waskar_et al. (1998) reported that the mean Escherichia coli count of
debonfd pork samples was 3.276 log cfu/g and the count of minced meat was 3.859
log cfivg. )

Palumbo et al. (1999) compafed swabbing and excision techniques in the
recodf bacteria from swine carcass surfaces. The mean Escherichia coli count
obtained from carcasses by one site swab method was— 0.24 + 0.33 log cfu/em’.
The corresponding count yielded from carcasses by three site swabbing method was

0.37 + 1.03 log cfi/em’.

Gill-and Jones (2000) compared the efficiency of bacteria recovery by
excis(n;nd swabbing methods using cellulose acetate sponge, medical gauze and
cotton wool on two groups of pig carcasses leaving a spray cooling process. The
total number of Escherichia coli from carcasses belonging to group one by the four
methods at a plant were 1.28 log cfu/250 cm?, 2.73 log cfu/2500 cm?, 2.41 log
cfu/2500 cm? and 0.85 log cfu/125 cm?, respectively. The corresponding count on
carcasses belonging to the second group were 1.72 log cfu/250 cm?, 2.45 log
cfu/2500 cm?, 4.04 log cfi/2500 cm? and 1.81 log cfu/125 cm?.

C/i'llgal. (20002) assessed the hygienic attributes of cleaning, dressing and
cooling operations of pig carcasses at eight packing plants. The total number of
Escherichia coli recovered from polished carcasses at plants A, B, C, D, E, F, G
and H were 2.32, 2.19, 2.83, 2.45, 2.45, 1.28, 0.48 and 2.06 log cfu/2500 cm?,
respectively. The corresponding count of carcasses after final wash was 3.75, 2.78,
2.70, 2.43,2.01, 1.23, 1.79 and 1.76 log cfu/1500 cm’.

g

9}111 et al. (2000b) assessed the hygienic condition of carcasses of cattle,
pigs, deer, bison, ostriches and emus at the end of dressing process. During the
study, two sets of pig carcasses were tested and the mean Escherichia coli count of

one of the sets of carcasses was 2.64 log cfi/100 cm? and that of the other set was
2.86 log cfu/100 cm?,

R1}a{ et al. (2000) assessed the level of microbial contamination of pig

carcasses at different stages of processing. The mean Escherichia coli count on
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carcass surface after bleeding, scalding, dehairing, scraping, evisceration and at end
of line was 3.36 % 0.45,0.10 £0.16, 0.45 £ 0.42, 0.05 £ 0.12, 1.06 £ 0.98 and 1.16
+ 0.97 log cfu/cm?, respectively. The mean Escherichia coli count on unwashed
non GMP carcasses, unwashed GMP carcasses and washed GMP carcasses was

1.20 +0.72, 0.24 + 0.43 and 0.13 * 0.34 log cfu/cm’, respectively.

Castelo et al. (2001a) examined the microbial decontamination efficiency of
different sanitizing agents on lean and fat trims of pork loins. The Escherichia coli

levels on fat trims before treatment was 4.26 + 0.19 log;o cfu/cm?.

-

e

-

(élzll and Badoni (2001) evaluated the microbiological effect of pasteurising
treatment and subsequent trimming of the sticking wound on pig carcasses. The
study revealed that before pasteurisation the carcasses yielded Escherichia coli at
levels of 2.09 log cfu/2506 cm? and the number of organisms on the carcasses after

paste?onﬁd trimming were 0.85 and 1.56 log cf/2500 cm’, respectively.

Gill et al. (2001) assessed the bacterial recovery by excision and swabbing
methods on sets of fat and lean pork loins. The total number of Escherichia coli
recovered by excision, cotton wool, sponge and gauge swabbing from fat pork loins
were 2.46, 2.89, 2.03 and 1.43 logcfu/2500 crm?, respectively. The corresponding
count on lean pork loins was 3.03, 2.48, 2.25 and 1.60 log cf/2500 cm?,

Hansson (2001) analysed the microbiological quality of pork carcasses
obtained from high and low capacity slaughter houses. The highest presumptive
Escherichia coli count of carcasses from the high capacity slaughter houses was

315 cfivem? and the count on the carcasses from low capacity slaughter houses was
107 cfw/em?,

Tamplin et al. (2001) evaluated the changes in the incidence and level of
salmonella species and Escherichia coli biotypel on pork carcasses before and after
slaughter. The average daily concentration of Escherichia coli on chilled carcasses

ranged from 0.08 to 60 cfi/cm?, with an overall average of 1.1 + 7.1 cfu/cm?.
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Er rﬁgnl et al. (2002) compared the efficiency of recovery of Escherichia
coli on’ pig caracasses by m-coli blue and EC petrifilm methods. The mean
Escherichia coli count recovered by the former method was 4.0 log cfi/em?® and

that of the latter method was 3.5 log cfu/cm’.
2.1.4 Faecal streptococcal count

Qah et al. (1992) analysed the bacteriological quality of pork samples and

reported the recovery of enterococci from the samples.

(Iéudtson and Hartman (1993) determined the number and species of
enterococci present on pork carcasses during fabrication and subsequent processing.
Samples were collected after singeing, polishing and final washing of the carcasses
at the midpoint of loin and outside of ham. Of the 175 enterococci isolates

recovered, 79 per cent were Enterococcus faecalis.

/Wegener et al. (1996) examined the presence of vancomycin resistant
Enterococcus faecium in retail pork samples and reported the isolation of the

organism from 15 per cent of 26 pork samples.

/

Waskar et al. (1998) evaluated the microbiological profile of raw materials
used in the manufacture of processed pork products. The mean faecal streptococcal
count of deboned and minced pork samples was 4.386 log cfu/g and 5.313 log
cfu/g, respectively.

éwia et al. (2000) investigated the presence of vancomycin resistant
enterococci in 100 meat samples. The study revealed that 33.3 per cent of the pork

samples examined had Enterococcus faecalis.

/Soﬁano et al. (2001) reported the incidence of various micro flora in lettuce,
potato omelette and meat samples from restaurants. Enterococci were recovered

from 12.5 per cent of the raw pork samples tested.
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2.2 ISOLATION OF BACTERIA
2.2.1 Isolation of Eschierichia coli

Nair et al. (1984) assessed the bacteriological quality of five native pig
carcasses and reported the isolation of 60 Escherichia coli. Of these isolates, 56
belonged to Escherichia coli type I and four to type II. The serotypes isolated from
the samples included 069, 0146, 044, 0129, 038, 01, 017, 013, 062, 020, 046,
055, 018, 06, 027, O11, 023, 041 and five isolates were identified as rough

strains.

Scriven and Singh (1986) evaluated the microbial quality of retail pork
rump and minced pork samples. The incidence of Escherichia coli in the former

samples was 40 per cent and that in the latter samples was 90 per cent.

Doyle and Schoeni (1987) examined pork, beef, poultry and lamb samples
to detect the presence of verocytotoxic Escherichia coli O157:H7. The organism

was isolated from 1.5 per cent of pork samples.

Borah et al. (1988a) reported the isolation of 22 strains of Escherichia coli
from pork which included the serotype 020, 02, O11, O52 and O61.

Borah er al. (1988b) studied the serotypes and drug sensitivity pattern of
Escherichia coli isolated from pork samples. Of the 22 isolates, 12 belonged to
serotypes 02, O3, O11, 020, 052, 061, 0138 and 0143, eight were untypable and

two were rough strains.

Sulthienkul et al. (1990) examined pork, beef, chicken and vegetable
samples collected from local markets and reported the isolation of Escherichia coli.
Serotypes isolated from pork included 022, O101:H7, 076, O11;H2 and O146:H10

and one of the isolates produced Shiga like toxin.

Borah et al. (1992) evaluated the bacteriological quality of pork samples and
reported the isolation of bacterial organisms. Of the isolates, Escherichia coli alone

constituted 15.69 per cent.
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Verotoxigenic Escherichia coli was isolated from two out of 13 pork

samples examined (Condedara ef al., 1992).

Caprioli et al. (1993) assessed the role of farm animals as reservoir of
verotoxin-producing Eschericiia coli (VTEC). Of the five Escherichia coli isolated
from pigs processed at different abattoirs, four isolates were verotoxin-producing

Escherichia coli and belonged to serogroup 0101.

Samadpour ez al. (1994) examined ground beef, grouhd lamb, ground veal
and pork samples and reported that four per cent of pork samples produced Shiga
like toxin I (SLTI), six per cent produced Shiga like toxin II (SLTII) and one per

cent produced both the toxins.

Sharma et al. (1995) tested 350 samples of raw milk, meat and meat
products collected from local markets and retail shops and reported the isolation of
Escherichia coli from 7.69 per cent of pig muscle samples. The serotypes isolated
from the samples included 09, 091 and 0164.

Heuvelink et al. (1996) assessed the performance of 3M Petrifilm Test Kit-
HEC to detect the occurrence of Escherichia coli in retail raw meat samples. The

organism was isolated from only one of the minced pork samples.

Gill and Jones (1997b) evaluated the hygienic performance of a spray
cooling process on pig carcasses entering and leaving the process and reported that

none of the samples had Escherichia coli.

Gill and Jones fl998a) assessed the efficiency of sampling pig carcasses
with sponge, single gauze swab and three swab methods in the recovery of
Escherichia coli. Out. of the 252 s;amples swabbed by sponge, 61 had Eschericfzz’a
coli. However, out of 275 carcasses, the organism was isolated from 66 samples by

single swab and from 82 samples by three swab methods.

Gill and Jones (1998b) examined the mouth and surfaces of 40 pig carcasses

to detect the presence of Escherichia coli. The organism was isolated from the



20

mouth of all carcasses and 10 per cent of these isolates were verotoxigenic
Escherichia coli O157:H7 strains.

Korsak et al. (1998) evaluated the efficiency of a gauze swabbing technique
as a reliable and easy method for monitoring the microbial quality of pig carcass
surfaces. Of the half carcasses examined, Escherichia coli O157:H7 was isolated

from 14 per cent of the samples.

Waskar et al. (1998) reported that Escherichia coli was present in 75 per

cent of deboned pork samples.

Heuvelink e al. (1999a) reported the isolation and characterization of
verocytotoxin-producing Escherichia coli 0157 from slaughter pigs and poultry.

Escherichia coli O157 strains were isolated from 1.4 per.cent of pigs.

Heuvelink et al. (1999b) evaluated 262 raw pork samples in 1996 and 207
samples in 1997, to determine the presence of verocytotoxin-producing Escherichia
coli 0157. The samples examined in 1996 had the organism in 0.8 per cent and

none of the samples tested in 1997 yielded the organism.

Palumbo et al. (1999) compared the efficiency of excision and.swabbing
techniques in determining the microbiological quality of swine carcass surfaces. A
total of 30 carcasses were swabbed at ham, belly and jowl areas and Escherichia

coli was detected in 15 ham, four belly and three jow] samples.

Rheault and Quessey (1999) evaluated the microbial contamination of stick
wounds in swine carcasses. It was found that 27.7 per cent of the stick wounds had
Escherichia coli and after trimming, 26.2 per cent of the samples showed the

presence of the organism.

Gill et al. (2000a) evaluated the hygienic performance of cleaning, dressing
and cooling process’ of pig carcasses at eight packing plants. The fraction of
Escherichia coli in the coliforms recovered from polished pig carcasses at the eight
plants viz.,, A, B, C, D, E, F, G and H were 64, 40, 56, 12, 18, 5, 18 and 86 per cent,
respectively.
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ZhiJi@ (2000) reported the presence of Escherichia coli O157 in one

of the pork samples examined.

@rjee et al. (2001) examined several foods of animal origin including
five pork samples for the presence of verotoxin-producing Escherichia coli
(VTEC). The organism was isolated from 40 per cent of the samples. None of the

isolates were verotoxic.

ouvet et al. (2001) reported the occurrence of " verotoxin-producing
Escherichia coli and Escherichia coli 0157 in pig carcassés from three
slaughterhouses. Study revealed that 50 per cent of the carcass samples were VTEC
positive and none of the samples yielded Escherichia coli O157:H7. Skin samples
of belly, leg and shoulder allowed the detection of more than 80 per cent of VTEC

positive strains.

I@a toxin producing Escherichia coli was isolated from four per cent of

the retail pork samples tested (Brooks et al., 2001).

(Duffy et al. (2001) determined the extent of microbiological contamination
in retail pork samples. They reported that Escherichia coli was found in 1.3 per cent

of the samples examined.

/Iﬁhsson (2001) assessed the microbiological quality of pork carcasses at
high and low capacity. slaughterhouses. Presumptive Escherichia coli was observed
in 74 per cent of the pork samples taken from high capacity abattoirs whereas, 58

per cent of the samples from low capacity abattoirs had the organism.

/ Leung et al. (2001) determined the prevalence and characterisation of
verotoxin-producing Escherichia coli isolated from cattle and pigs from an abattoir.

VTEC was isolated from 0.2 per cent of porcine faecal and carcass samples.

Rho et al. (2001) investigated the microbial hazards at swine farms,
slaughterhouses and processing lines and reported that none of the pork samples
had Escherichia coli O157. ‘
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Soriano et al. (ZLQSsessed the incidence of Escherichia coli in 40 raw
pork samples and the organism was isolated from four samples. None of the

samples revealed the presence of Escherichia coli O157:H7.

7
Tamplin er al. (2001) examined the presence of Escherichia coli biotype 1
on swine carcasses processed under HACCP- based inspection model project.
Escherichia coli was found in all the 100 pre-eviscerated carcasses and an average

of 30.1 per cent of chilled carcasses.

Bouvet et al/{2002a) evaluated the effect of cutting process on pork meat
contamination by verotoxin-producing Escherichia coli (VTEC) and of Escherichia
coli 0157:H7. VTEC was isolated from 12 per cent of carcasses, 19 per cent of

primary cuts and five per cent of secondary cuts. However none of the samples
yielded Escherichia coli O157.

/ Bouvet et al. (2002b) assessed the effect of slaughtering process on pig
carcass contamination by Escherichia coli O157.VTEC faecal carriage was

observed in 31 per cent.

ABouvet ef al. (2002¢) detected the presence of verotoxin-producing
Escherichia coli (VTEC) and Escherichia coli O157:H7 among pig carcass and
pork samples. Verotoxin-producing Escherichia coli (VTEC) was recovered from

26 per cent of carcass samples and 12 per cent of pork samples from cutting plants.

2.2.2 Isolation of Staphylococcus aureus

Vanderzant and Nickelson (1969),e)f/amined the microbiological quality of
beef, pork and lamb carcasses and reported that coagulase positive staphylococci

were isolated from 59 per ?@the ham samples.

Dasgupta and Chandrachoudhury (1975) reported the isolation of coagulase

positive staphylococci from 30 per cent of pig meat samples.

Pandurangarao (194) reported the isolation of coagulase positive
staphylococci from 14 out of 55 pork samples.
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Prasad et al. (1979) eliw"zdiiuated pork and pork products collected from bacon
factory and retail shops and reported the isolation of pathogenic staphylococci from

10 out of 25 pork samples.

Nkanga and Uraih (19{81’)’ reported that 17.5 per cent of raw pork samples

had Staphylococcus aureus.

Nair ef al. (1984) ?/luated the bacteriological quahty of pig carcasses and
reported the presence of Staphylococcus aureus as about 240 to 800 organisms per

gram of pork.

Bachhil (1985) evaluated the presence of certain bacterial pathogens in
e
fresh, processed and ffozen meat and reported that 11.1 per cent of the pork samples

had Staphylococcus aureus.

Scriven and Singh (1986) evaluated the incidence of Staphylococcus aureus
in minced pork and beef and also pork and beef rump samples and reported that the
incidence of coagulase positive staphylococci in minced pork .and pork rump

samples was 50 per cent and 30 per cent, respectively.

Schraft e( al. (199 1) analysed swab specimens collected from pig
hindquarters used for cured raw ham products and reported that 22.7 per cent of the

samples was contaminated with Staphylococcus aureus.

Shimizu et al. (1991) reported the isolation of Staphylococcus aureus from
meat and raw fish samples. The organism was recovered from 26 per cent of pork

samples.

/

Staphylococcus aureus was isolated from 24.18 per cent of market pork
samples (Borah et al., 1992).

Isigidi et %992) studied the enterotoxin production in different
Staphylococcus aureus biotypes isolated from various food sources including
minced pork samples. Thirty of the 185 strains examined, revealed the presence of

one or more enterotoxins.
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Hua and Ling (1994) reported the presence of Staphylococcus aureus in 105

meat samples including 30 pork samples.

Vorster et al. (1994) estimated the bacteriological quality of shoulderham
samples and reported the frequency of occurrence of Staphylococcus aureus in 6.7

per cent of the samples.

Gill et al. (1995) determined the bacteriological quality of polished
uneviscerated carcasses subjected to hot water treatment (85°C for 2s). The study
revealed that staphylococci constituted two percent of the microflora isolated from

pig carcasses.

Saide-Albornoz et al (1995) evaluated the level of pork carcass
contamination during slaughter, fabrication anci subsequent storage. They reported
the isolation of Staphylococcus aureus as 4.4, 7.4 and 12.6 percent from ham and
loin surface samples after singeing and polishing, final rinse and 24h chill,

respectively.

Desai and Kamat (1998) reported the isolation of three coagulase positive

staphylococci in meat based foods, including pork.

Waskar et al. (1998) reported the isolation of Staphylococcus aureus from
50 per cent of deboned pork and 62.5 per cent of minced pork samples.

Coagulase positive staphylococci were.detected in 49 and 16 per cent of

pork carcasses from high and low capacity abattoirs respectively (Hansson, 2001).

Rho et al. (2001) studied the microbiological hazards at farms,
slaughterhouses and processing lines of swine for the application of HACCP system
in Korea. They reported that Staphylococcus aureus was the most frequently

detected pathogen in slaughterhouses and processing rooms.

Soriano et al. (2001) evaluated the microflora on a total of 370 samples
including lettuce, beef, pork, chicken and Spanish potato omelette from restaurants

and reported that 17.5 per cent raw pork samples had Staphylococcus aureus.
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Son (2002) reported the isolation, toxin production and virulence of
Staphylococcus aureus in pork samples collected from abattoirs and butcher shops.
Out of the isolates, 72 per cent were ST toxinogenic, 27.27 per cent were LT

toxinogenic and 38 per cent were both ST and LT toxino genic.'
2.2.3 Isolation of Salmonella

Bachhil /@gS) evaluated the sanitary indices and quantified certain
pathogenic organisms in pork, mutton, chevon, fresh and frozen sausages. They

reported that none of the pork samples yielded salmonellae.

Morgan et((l 985) reported the isolation of Salmonella species from 35
out of 80 jowl samples examined and the isolates belonged to the serotypes,

Salmonella anatum, and Salmonella give.

Gupta and /C’Zﬁ;uhan (1986) evaluated the bacteriological quality of fresh
pork and pork products and reported the isolation of Salmonella from fresh pork

samples.

Salmonella was not isolated from any of retail pork rump and minced pork

samples (Scriven and Singh, 1986), —

Gupta et al. ,(’1'987) analysed the bacteriological quality of pork samples
collected from three types of abattoirs and two retail shops. The study revealed that
12 per cent of fresh pork samples had Salmonella and the serotypes of the isolates

were Salmonella bareilly and Salmonella stanley.

rd '
Yadava et al. (1988) assessed the dynamics of contamination of pork with
Salmonella in a processing plant and reported that 2.43 per cent of pork samples

was contaminated with Salmonella london.

Mafu et al. (1 %ﬁported the incidence of Salmonella in swine carcasses
and slaughterhouse environment. They reported the isolation of Salmonella derby

from 1.5 per cent of diaphragm samples.
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Sinell et al./(1990) examined minced pork samples which had salmonellae
and stored the samples at -18°C for one to 14 weeks. Only 131 samples revealed the

presence of the organisms on retesting, after the storage period.

Bhattacharya et al. (1991) tested pigs slaughtered for hur_nan consumption

and reported the isolation of Salmonella paratyphi A from one of the samples.

( Borah et al. (1992) evaluated the bacteriological quality of pork samples and

reported that Salmonella was not isolated from any of the samples.

( Paturkar et al. (1992) tested meat samples that consisted of beef, mutton,
pork and chicken samples and reported the isolation of Salmonella arnatum and

Salmonella derby from pork samples.

61 and Bryant (1993) examined the presence of Escherichia coli,
Salmonella and Campylobacter species on pig carcasses passing through dehairing

equipment and reported that Salmonella was recovered from none of the samples.

écartin et al. (1995) reported the isolation of 34 Salmonella serovars from
raw pork samples and the most frequent serovars were Salmonella agona,
Salmonella  derby, Salmonella anatum, Salmonella meleagridis, Salmonella
enteriditis, Salmonella worthing, Salmonella give, Salmonella manhattan,

Salmonella typhimurium and Salmonella brandenburg.

(Séide-Albomo'z et al. (1995) evaluated the prevalence of five types of
pathogenic bacteria on pork carcasses dﬁn'ng slaughter, fabrication and refrigerated
storage. Salmonella was isolated from 4.4 per cent of carcasses after singeing and
polishing , 1.1 per cent of the samples after final rinse, 0.4 per cent of carcasses

after 24h chill and 0.7 per cent of boneless loins after packaging.

/Fehlha‘oer et al. (1996) reported the mean incidence of Salmonella as 1.7 per

cent on swine carcasses.

. Kuri et al. (1996) examined the hygienic quality of pork samples purchased
frcm{ randomly selected sites .A total of 51 salmonellaec were isolated from the
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samples which belonged to the serotypes Salmonella derby, Salmonella anatum,
Salmonella bredeney, Salmonella agona, Salmonella heidelberg, Salmonella
muenster, Salmonella worthington, Salmonella saint-paul, Salmonella muenchen,
Salmonella typhimurium, Salmonella brandenburg, Salmonella give, Salmonella
infantis, Salmonella senftenburg, Salmonella eko, Salmonella havana, Salmonella

lockleaze, Salmonella new-brunswick, Salmonella ovion and Salmonella roterberg.

etends et al. (1997) quantified the risk factors associated with Salmonella
contamination on pork carcasses and reported that five to 15 per cent of carcasses

revealed the presence of the organism during polishing after singeing.

(Eazaro et al. (1997) examined tonsils and lymph node samples collected
from swine carcasses. Of the 31 tonsil samples, 39 isolates of salmonellae were
recovered and the predominant serotype (93.5%) was Salmonella muenster. The
other serotypes included Salmonella infantis, Salmonella fyris and Salmonella
derby. The organism was also isolated from 32 lymph node samples. Of the 34

isolates, 31 (96.9%) were Salmonella muenster.’

/mller et al. (1997) assessed the effect of buying source, feed withdrawal
before slaughter and the incidence of punctured GI tracts during evisceration on the
number of pathogenic and spoilage bacteria on pork carcasses. The study revealed

that none of the samples yielded salmonellae.

Berends et al. (1998) reported the incidence of Sa/monella in contaminated
primal cuts and retail pork samples as 25-30 per cent whereas, in minced pork and

sausages the organism was present in about 50-55 per cent smaples.

Carr et al. (1998) analysed the effect of chilling and trimming on the
microbial populations of pork carcasses and reported that one of the samples had

Salmonella.

Korsak et al. (1998) evaluated the efficiency of a swabbing technique in the
recovery of foodborne pathogens from pork carcasses at four slaughterhouses. Of

the half carcasses assayed, 27 per cent yielded Salmonella.
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Laubach et al. (1998) evaluated the level of microflora on swine headmeat
samples. The incidence of salmonellae isolated from meat samples of cheek, back

of head and tongﬁe was 3.8, 4.3 and 5.8 per cent, respectively.

(Waskar et al. (1998) conducted a study to evaluate the microbial profile of
various raw, semiprocessed products and ingredients used in pork processing. They

reported that 12.5 per cent of raw minced pork samples had salmonellae.

Duffy et al. (1999) examined pork samples and repérted the isolation of
Salmonella from two samples which belonged to the serotypes, Salmonella

bredeney and Salmonelila typhimurium.

~ Kalimuddin and Choudhary (1999) tested the presence of Salmonella in raw
pork samples and reported the isolation of the organism from 12 per cent samples
and the isolates were Salmonella agona, Salmonella weltevreden, Salmonella berta

and Salmonella emek.

Szadados and Szadados (1999) conducted a study on the incidence of
Salmonella in pig carcasses during bacteriological meat inspection. They reported
that the organism was isolated from carcasses and the most commonly occurred pig
adapted serovar was Salmonella choleraesuis (22%) and Salmonella typhisuis
(20.3%).

/ ‘Giovannacci et al, (2001) investigated the sources of contamination of
Salmonella in pig carcasses and cuts in two different plants. They reported the
isolation of eight serotypes of Salmonella after killing, dehairing, polishing and
splitting which iﬁcluded_ Salmonella goldcoast, Salmonella concord, Salmonella
bredeney, Salmonella typhimurium, Salmonella derby, Salmonella brandenburg.

Salmongella infantis and Salmonella london.

Ludenig et al. (2001) examined the swine carcasses from four finishing pig
producers. They reported that Salmonella incidence ranged from two to eight per

cent and Salmonella typhimurium was the predominant serotype (58.8%).
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ﬂ{ho et al. (2001) studied the microbial hazards at swine farms,
slaughterhouses and processing lines and reported that salmonellae were not

detected in any of the samples collected at different occasions.

"Soriano et al. (2001) conducted a study to determine the various types of
microorganisms in different foods and reported that the raw pork samples examined

were free from salmonellae.

Swanenburg et al. (2001a) reported that the prevalence of Salmonella m
pork/samples of seronegative herds was lower than in samples of seropositive
herds.

/Swanenburg et al. (2001b) reported the prevalence of Salmonella on swine
carcasses as 1.4 per cent and the predominant serotype isolated was Salmonella

typhimurium.

Famplin et al. (2001) examined the prevalence of various bacterial species
on slaughtered pigs. Salmonella was detected on 73 per cent of post exsanguinated

pigs and on 0.7 per cent chilled carcasses.

(Thorberg and Engvall (2001) conducted a study on the incidence of
Salmonella on pork carcasses collected from five Swedish slaughterhouses and

reported that no Salmonella was detected from any of the samples.

Bolton e al. (2002) examined the impact of washing and chilling pork
carcasses in enhancing foodsafety control under HACCP system. The study
revealed that after bleeding 50 per cent of samples had Salmonella and after
powerhosing the organism was detected from seven per cent of the samples. The

isolates belonged to the serotypes Salmonella typhimurium and Salmonella agona.

Korsak et al. (2003) monitored the contamination points in a closed pig
production chain, to develop a Salmonella free production system. Salmonella was
detected in 11.2 per cent of 52 carcass swab samples and the predominant serotype

was Salmonella typhimurium.
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2.2.4 Isolation of Listeria monocytogenes

ﬂong et al. (1990) examined a variety of foods for the incidence of Listeria
monocytogenes and reported the isolation of the organism from 58.8 per cent of

pork samples.

(Bﬁncic (1991) reported that 45 per cent of all slaughtered pigs examined had
Listeria monocytogenes in their tonsils and three percent were faecal excretors. The

organism was also found in 69 per cent of minced pork and beef samples.

<Sin"10n et al. (1992) investigated the incidence of Listeria monocytogenes in
minced pork, beef and poultry samples and reported that 17.3 per cent of the

minced meat had the organism.

gNang et al. (1992) examined meat samples that consisted of pork, beef,
lamb and chicken, to determine the contamination of retail meat with Listeria

monocytogenes. The organism was isolated from seven of 22 pork samples.

/I:oncarevic et al. (1994) evaluated 496 samples that coﬁsisted of meat,
lymph nodes, process water and swabs from different parts of an abattoir and

reported that four pig meat and one lymph node of pigs had Listeria monocytogenes

«Nesbakken et al. (1994) evaluated the effect of sealing rectum on the
reduction of spread of Yersinia and Listeria species on pig carcasses and reported
that Listeria monocytogenes was not detected in any of the samples taken from pig
carcasses, each from Norway or Sweden. However the organism was recovered

from 33 per cent of carcasses eviscerated without rectal sealing

/ Adesiyun and Krishnan (1995) sampled pigs slaughtered at an abattoir in
Trinidad for the occurrence of Yersinia, Listeria and Campylobacter species at
different sites. The study revealed that only 1.9 per cent of carcass samples yielded

Listeria monocytogenes and the organism was also isolated from five per cent of

rectal samples.
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Gill and Jones (1995) examined the presence of pathogens on skinned pork
loins and processing equipment at two pig slaughtering plants. Listeria
monocytogenes was isolated from 23 of 24 loin samples at Plant A and from only

one of the loin samples at Plant B.

Saide-Albomoz et al. (1995) evaluated the bacterial contamination of pork
carcasses during slaughter, fabrication and chilled storage. Listeria monocytogenes
was detected in 1.5 per cent of the samples after singeing and polishing and in 1.9

per cent of the samples after final wash and 24h chilled storage.

Takeshige et al. (1995) studied the epidemiological pattern of Listeria
mo@/cytogenes occurrence on dressed pig carcasses and reported the isolation of

the organism from the intestinal contents (0.4%) and body surfaces (0.3%)

?.\-et al. (1995) estimated the presence of Listeria species in raw meats. Out
of the R0

ground pork samples, Listeria species was isolated from seven samples,
with Listeria monocytogenes occurring in five samples.

/Loncarevic et al. (1997) reported a case of human foodborne listeriosis and
tested 23 food items including pork samples, collected from the patient’s
refrigerator, for the presence of Listeria monocytogenes. Of the food items, opened

packages of sliced pork brawn and sliced cooked medwurst had the organism.

Miller et al. (1997) assessed samples including pork carcasses to determine
the incidence of various pathogens and reported that Listeria monocytogenes was

not detected from the samples tested.

/Korsak et al, (1998) evaluated the efficiency of swabbing beef and pork
carcasses with sterile gauze, to detect Salmonella, Campylobacter, Listeria
monocytogenes and verocytotoxin producing Escherichia coli. The study revealed

that five of the 49 pork carcasses examined had Listeria species, one of which was

Listeria monocytogenes.
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Listeria monocytogenes was. isolated from 20.5 per cent of mechanically
debone(p:rk, 16.4 per cent of pork trimmings and 6.9 per cent of pork loins and
hindleg samples (Samelis and Metaxopoulos, 1999).

‘%u’fio et al. (2000) evaluated the Listeria monocytogenes contamination
pattern in low capacity slaughterhouses. The organism was recovered from six of

50 carcass samples.

K}aék et al. (2000) reported the incidence and characterisation of Listeria
monécytogenes from different domestic and imported foods. The organism was

detected from 19.1 per cent of pork samples.

Chasseignaux et al. (2001) monitored the origin of Listeria monocytogenes
in pork and poultry meat collected from two processing plants and reported that

eight out of 24 pork samples revealed the presence of the organism.

Rho et al. (2001) investigated on the various microbial hazards at swine
farms, slaughterhouses and processing lines and reported that Listeria

monocytogenes was not detected in any of the eviscerated pork carcasses.

Kanauganti ef al. (2002) surveyed 300 hogs and pork products like ground
pork and raw chitterlings for Listeria monocytogenes. The study revealed that 45 '
per cent of 340 ground pork samples had the organism and 1.5 per cent had other

Listeria species.

/P€ccio et al. (2003) reported the occurrence and characterisation of seven
strains of Listeria monocytogenes on pork samples obtained from a swine meat

processing plant.

24 BACTERIAL COUNT ON ENVIRONMENT AND PROCESSING
EQUIPMENTS

afu et al. (1989) made an investigation to determine the incidence of
contamination of cooler-ready hog carcasses by Salmonella spp. Campylobacter

spp. and Yersinia enterocolitica. They reported that Salmonella species were
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isolated from 10 per cent of the samples. The distribution of salmoneliae isolated
from slaughter floor was 8.9 per -cent and cold room floor, 4.4 per cent.
Camphylobacter species was isolated from 61.7 per cent of 400 specimens. Yersinia

enterocolitica was isolated from 9.3 per cent of 448 specimens.

mo and Ramesh (1992) énalysed water, knives, floor, wall, processi'ng
equipments and hands of workers before and after slaughtering operations to
identify the critical points of microbial contarnination in the slaughter line. The
study indicated that the total viable count of samples before slaughtering operation
was at the level of 10? cfivem® or per ml in the floor washings, wall and
equipments. The mean count in water and knives samples was at the level 10!
cfu/em?® or per ml. They observed a four fold increase of the count in the samples

collected after slaughter.

ﬁill and Bx;.yant (1993) tested the presence of certain microorganisms, in pig
carcass dehairing equipment at two plants, A and B. The detritus from the machines
at both plants yielded bacteria at total numbers between 8.5 x 107 and 9.3 x 10°
cfu/g, Escherichia coli at numbers between 1.9 x 10* and 1.1 ' 10° cfi/g and
Campylobacter at numbers between 5.2 x 10% and 1.1 x 10° cfu/g. Salmonella was
recovered from about 50 per cent of the samples at numbers between 3 x 10° and
3.7 x 10° cfi'g at plant A and 1 % 107 cfi/g at plant B. The total numbers and
numbers of Escherichia coli and Campylobacter in the waters in the two machines
that operated in series at plant A at temperature less than 509C, were respectively,
between 1.7 x 10° and 1.3 x 10°% 5.5 x 10% and 1.1 x 10° and 4.5 x 10 and 8 x 10?
cfu/ml. The corresponding count in the water from plant B were respectively,
between 3.5 x 10* and 1.3 x 10°, 1.4 x 10* and 5.3 x 10’ and 2 x 10 and 5 x 10
cfu/ml. Salmonella was recovered from about 50 per cent of the water samples at

both plants at numbers between 7 X 10 and 5.5 x 10% cfw/ml at plant A and 1 x 10

cfu/ml ?a/ntB.
arwate et al. (1993) evaluated the potential source of microbiological
hazards associated with the slaughter line operations and the surrounding

circumstances. They examined knife, axe, saw-blade, hooks, floor, wall platform,
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hand swab and water and reported that the total viable count in the samples varied
from 2.9 logio cfu/em? to 6.7 logio cfu/cm?®. The coliformg count ranged between
4.2 logo cfu/cm? and 6.9 logio cfu/em?, Water samples revealed the lowest total
viable count and the mean count of the samples was 2.07 logo cfu/ml. During the
study, they isolated 651 bacterial organisms which included potential pathogens
like Staphylococcus aureus, Bacillus cereus, Clostridium spp., Escherichia coli and

Shigella spp. and also spoilage organisms.

Karr et al. (1996) estimated the bacterial count of twenty cutting table and
conveyor belt surface swab samples and reported that APCs on the conveyor
surfaces were lower with all samples under 10° cfi/em? and 53.7 per cent under 50
cfu/cm?®. The total coliforms count of cutting tables and conveyor belts was <10*
cfi/em or lower and 44 per cent had count of less than one cfu/cm?. For count of
Escherichia coli biotype I; 51 per cent of conveyor surface samples had count of

less than 10 cfu/cm? and 46 per cent had count of less than one cfu/em?,

Eisel et al. (1997) evaluated the microbial load of air, floor and processing
equipments in a red meat processing plant. Sanitised processing equipments had a
mean total viable count of lcfu/cm® and the count on processing floors was 5
cfu/cm?. Coliforms and Escherichia coli were rarely recovered from the source. The
total viable count of the air samples was generally low (0.6 cfu/m?) and the count in

the carcass receiving area was 2.4 cf/m’,

[ azaro et al. (1997) analysed scalding tank water and environmental swab
samples of two abattoirs for. the presence of Salmonella species. The organism was
recovered from one out of ten (10 per cent) scalding tank water samples, 45.5 per
cent of evisceration table swabs.;, 20 per cent of butchering saw swab samples, 30
per cent of samples from killing room and 20 per cent of samples from holding pen,

~ at abattoir B. None of the environmental samples from abattoir A was positive for

Salmonella. '

Ahkio and Korkeala (1997) studied the microbiological contamination of

air in four slaughter houses by using impacter samples taken from back splitting
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and weighing area. The mean aerobic count of the air in the former area was 2.25
logjo ¢fu/100 litres of air and the count in the latter area was 2.03 log;o cfu/100
litres of air.

Gill et al. (1999) analysed the samples collected from cleaned processing
equipment and steel mesh gloves of workers in a sheep carcass breaking process.
They reported that the samples from conveyer belt support bars had a mean total
aerobic count of two to five logjo cfu/cm’ and the count on steel mesh gloves was
seven to nine log,o cf/em?. No bacteria was recovered from samples of counter
weighed saw and cutting boards. Coliforms and Escherichia coli count on steel

mesh gloves was greater than 3.0 logio cfu/em?.’

Autio et%(ZOOO) assessed the Listeria monocytogenes contamination
pattern in 10 pig slaughter houses. The organism was recovered from 10 per cent of
swab samples on tables and 20 per cent of saw swab samples. None of knife swab

samples yielded the organism.

Rivas gf al. (2000) studied the microbial contamination of equipments in an
industrial slaughterhouse. The mean APC and Enterobacteriaceae count of knife
and knife sharpener was 3.22 £ 1.22, 0.88 + i.12 and 3.81 £ 0.41 and 2,15 £ 0.85 °
log cfu/em? respectively. The mean APC and Enterobacteriaceae count for dirty
equipment (after 3h work) namely dehairing table, dehairing machine blades and
scraping machine whips was 5.80 £ 0.87, 4.39 £ (.87 and 6.16 + 0.99 log cfu/cm?,
respectively. The correspdnding count on the equipments after cleaning was 3.77 =
1.30, 4.10 = 0.97 and 6.51 £ 0.78 log cfw/cm®.

orberg and Engvall (2001) evaluated the incidence of Salmonella in five
Swedish slaughter houses and reported that none of environmental samples
examined which consisted of water from scalding tank, polisher machine and

carcass splitter swabs had the organism.
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2.5 STANDARDS FOR BACTERIAL COUNT

The level and type of bacterial contamination on the carcass have a
significant role on the shelf life of meat and its products. A very few organizations
or scientists have developed microbiological standards or limits or criteria for meat

and meat products.
2.5.1 Total viable count/

Carl (1975)/suggested the aerobic count limit of fresh meat as five million
per gram. The microbiological standard prescribed by Government of India (1991)
states that the total viable count in three out of five raw meat samples should not
exceed 10° per gram and the remaining two samples can have the count upto 10’
per gram. (Rao et al., 1998) ICMSF (1986) recommended that the total viable count

for fresh meats at 35°C should be less than 107 per gram (Gracey et al., 1999).
-

2.5.2 Escherichia coli count

Carl (1975) suggested the Escherichid coli limit for freshmeat as 50 per
gram. The Government of India (1991) has prescribed the microbiological
standards for fresh and frozen meat which states that the Escherichia coli count in
three out of five samples shall not exceed 10 per gram and in the remaining two /
samples the count can be upto 100 per gram. (Rao ef al, 1998) USDA (1996)
stipulates the microbiological criteria for Escherichia coli on pig carcasses as that a
process fails to meet the criterion if in the 13 samples most recently collected, four
or more samples yield. Escherichia coli at numbers greater than 10 cfu/cm? but less

than or equal to 10,000 cfu/cm’ or one or more sayiples yield Escherichia coli at
numbers greater than 10,000 cfu/cm? (Gill, 2000). 7'

2.5.3 Salinonella

/ According to the microbiological standards prescribed by Government of
India (1991), Salmonella should be absent in all the five samples of raw meats
tested. (Rao ef al., 1998) ICMSF (1986) suggested that Salmonella should not be

detected in more than one of five 25 g of meat samples (Gracey, 1999). USDA
. -/~
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(1996) suggested the microbiological criteria for salmonella on pig carcasses which
indicated that a process fails to meet the criterion, if more than six out of 55 pig
carcasses are positive for the organism (Gill, 2000). According to the Food act,
Government of Maurtius (19/98ﬁlmonella should be absent in 25 g of raw meat.

2.5.4 Listeria monocytogenes

The Zero tolerance policy of FDA on Listeria advocated the absence of
Listeria monocytogenes in 50 g of food. The policy also pfescribed that if food
contains more than 104 Listeria monocytogenes per gram, a recall is automatic
(Farber, 1993).
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3. MATERIALS AND METHODS

The present study was undertaken to evaluate the bacterial quality of pork
carcaéses after evisceration and final washing in the slaughterline of a meat
processing plant located at Kochi in Kerala. The slaughtef and dressing of carcasses
in-the factory consist of antemortem inspection, stunning, shackling, sticking,
hoisting, scalding, dehairing, washing, sinéeing, washing, evisceration, splitting,

final washing and chilling (Flow chart 1). In the present investigation, 25 pork
1

carcasses were randomly selected. In order to obtain a representative sample of
each carcass, a total of 500cm? area was sampled from one of the sides of the
carcass, immediately after evisceration, and an equivalent area from the other side

after final washing.
3.1 COLLECTION OF SAMPLES

On each visit, two carcasses were selected and sampled. The samples were
collected from the eviscerated carcasses by swabbing an area of 100 cm’ each from
jowl, shoulder, bacon, loin and ham (Plate. 1). Each area was marked with a sterile
aluminium template of 10cmx10cm (inside area) and swabbed with a sterile cotton
swab (Hansson, 2001) of about 2.5 cm breadth, hydrated with 0.1% peptone water
(diluent) and the excess diluent in the swab was removed by gentle pressing of
swab against the sides of sterile diluent containing conical flask. The marked areas
were swabbed lengthwise with one side of the swab, breadth wise with the other
side and corner to corner by the tip of the swab. After swabbing, an area, the swab
was transferred into a flask containing 100ml sterile diluent and brought to the
laboratory in a thermocool container. Samples from other half of the carcasses were

collected after final washing and transported to the laboratory as described above
(Flow chart 2).

3.2 PROCESSING OF SAMPLES

Each swab was cut at length with a pair of sterile scissors and dropped into
the diluent. The swab with the diluent was thoroughly agitated using a cyclomixer.

The agitated five swab samples collected from each carcass after evisceration and
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Plate 1:Sampling sites on pork carcass:
(A) Jowl (B) Shoulder (C) Bacon (D) Loin (E) Ham
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after final washing were transferred to another conical flask so as to form the stock

sample.
3.3 PREPARATION OF SAMPLES

In order to estimate the bacterial load of the samples collected from each
carcass, either after evisceration or after final washing, 25 ml of the stock sample
was transferred to 225 ml of diluent so as to form 1 in 10 dilution. From this further
ten fold serial dilutions were made by transferring one millilitfe of inoculum to nine
millilitre of diluent. From each sample dilutions were made upto 107, Selected
dilutions of each sample were used for the enumeration of total viable count (TVC),
coliforms count (CC), Escherichia coli count (ECC) and faecal streptococcal count
(FSC) as shown in table 1. The stock samples prepared from each carcass, after
evisceration and final washing were used for the isolation of Escherichia coli,

Staphylococcus aureus, Salmonella and Listeria monocytogenes

3.4 BACTERJIAL COUNT

3.4.1 Total viable count

Pour plate technique described by Swanson et al. (2001) was used to
estimate the total viable count of each sample. From the selected 10 fold dilutions
of each sample, one ml was transferred on to duplicate petri-dishes of uniform size.
To each of the inoculated plates, about 15-20 ml sterile molten standard plé.te count
agar (SPCA) (Hi-media) maintained at 45°C was poured. The inoculum was mixed
with the medium by gentle rotatory movement of the petri-dishes in clockwise,
anticlockwise, forward and backward manner. The inoculated plates were allowed
to solidity at room temperature and were then incubated at 37°C for 24 h. At the
end of incubation period, petri-dishes with a bacterial count between 30 and 300
colonies were selected and count of each petri-dish was taken with the help of a
colony counter. The number of colony forming units (cfu) per cm® of the carcass
was calculated by multiplying the mean colony count of duplicate plates with

dilution factor and the count was expressed as lqglocfu/cmz.



Table 1. The techniques employed for the enumeration of various bacteria

Incubation
Type of Bacterial . Quantity of .
counts Media inocufum (mi) Temperature Period Colony characteristics
‘0 ®
Total viable count Standard Plate 1 37 4 All colonies
Count Agar
Purplish red colonies with
) Violent Red Bile diameter at least 0.5 mm,
Coliiorms count Agar 0.1 37 24 surrounded by a reddish zone of
precipitate
Colonies with a dark centre giving
Escherichia coli Eosine Methylene 0.1 37 24 a distinct indedible ink, greenish
count Blue Agar ) black metallic sheen on deflected
light
Pink to dark red colonies with a
Faecal streptococcal | KF Streptococcal ; diametre varying between 0.5 to 3
0.1 37 48 .
count Agar mm and surrounded with a narrow
whitish zone

oy
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3.4.2 Coliforms count

Coliforms count (CC) was estimated as per the procedure described by
Nordic Committee on food analysis (1973). From the selected dilutiog, 0.1 ml of
the inoculum was transferred on to duplicate plates of violet red bile agar (VRBA)
(Hi-media) and the inoculum was uniformly distributed on the medium with a
sterile “L"” shaped glass rod and the plates were incubated at 37°C for 24 h. At the
end of incubation, purplish red colonies with a diameter of at least 0.5 mm,
surrounded by a reddish zone of precipitate were counted as coliforms. The number
of organisms per cm” of the carcass surface was estimated by applying the dilution
factor on the mean count of duplicate plates and the count was expressed as

log, ocfu/cm?.
3.4.3 Escherichia coli count

The Escherichia coli count (ECC) per cm’ o t‘heﬁass surface was
estimated as prescribed by Indian Standards (1980)#" The count was estimated by
inoculating 0.1 ml of the ihoculum from selected dilution on to duplicate plates of
Eosin Methylene Blue (EMB) agar (Hi-mediaj and was uniformly distributed, over
the medium as described in coliforms count. The inoculated plates were incubated
at 37°C for 24 h. After the incubation period, colonies with a dark center and a
distinct indelible ink, greenish black metallic sheen on deflected light was counted
as Escherichia coli. The number of organisms per cm? of carcass was estimated as

described for CC and the count was expressed on loglocfu/cmz.

3.4.4 Faecal streptococcal count

Faecal streptococcal count (FSC) of the sample was estimated by the
method described by Nordic committee on food analysis (1968b). To estimate the
number of organisms per cm” on carcass surface, 0.1 ml of the inoculum from the
selected dilution was transferred on to duplicate plates of Karl Friedrich (KF)
streptococcal agar (Hi-media) and the inoculum was uniformly distributed on to the
media as described in CC. The inoculated plates were incubated at 37°C for 48 h.

After the incubation period, pink to dark red colonies with a diameter between 0.5
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and 3 mm and surrounded by a narrow whitish zone were counted as faecal
streptococei.  The number of organisms per cm’® of the carcass surface was

estimated and expressed as described in CC.
3.5 ISOLATION AND IDENTIFICATION OF BACTERIA

The stock solution prepared from each carcass, after evisceration and after
final washing, was subjected to the isolation and identification of Escherichia coli,

Staphylococcus aureus, Salmonella and Listeria monocytogenés.
3.5.1 Escherichia coli

To isolate Escherichia coli, a loopful of the stock solution was inoculated on
to duplicate plates of Eosin Methylene Blue (EMB) agar and incubated at 37°C for
24 h. After the incubation period, three or four colonies with the characteristic of
Escherichia coli were transferred on to nutrient agar slants and incubated at 37°C
for over night. At the end of the incubation period, the inoculated tubes were stored
at refrigeration temperature for further characterization and identification of the
isolates by cultural, morphological and biochemical reactions described by Barrow
and Feltham (1993) and are shown in flow chart 3. The isolates identified as
Escherichia coli were serotyped at National Salmonella and Escherichia Center,

Central Research Institute, Kasauli.
3.5.2 Staphylococcus aureus

For the isolation of Staphylococcus aureus, a loopful of the stock solution
was inoculated on to Baird-Parker (BP) agar medium and were incubated at 37°C
for 48 h (AOAC, 1990). At the end of incubation, colonies showing characteristic
appearance (circular, smooth, convex, moist, 2-3 mm in diameter on uncrowded
plates, grey-black to jet-black, frequently with light—coloured (off-white) margin,
surrounded by opaque zone (precipitate) and frequently with outer clear zone and
with buttery to gummy consistency on BP agar medium were selected and
transferred to nutrient agar slants and incubated at 37°C for overnight. The isolates

were stored at refrigeration temperature for further characterization and
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identification of the isolates following the procedure described by Barrow and
Feltham (1993) and are shown in the flow chart 4. The isolates were identified

based on the cultural, morphological and biochemical characteristics.
3.5.3 Salmonella

In order to isolate salmonellae from each carcass, 10 ml each of the stock
solution was transferred into sterile conical flask containing 100 ml of tetrathionate
broth (Hi-media) and an equal quantity of inoculum into 10.0 ml selenite cystine
broti{l(Hi-media) (Konwar and Joshi, 2000). The contents of the flasks were mixed
thoroughly and the former flask was incubated at 37°C for 48 h and the latter was
incubated in a water bath at 43°C for 48 h. ‘At the end of 24 and 48 h of incubation,
a loopful of the culture from each of tetrathionate brpth and selenite cystine broth
was inoculated on to duplicate plates of Brilliant Green Agar (BGA) (Hi-media)
and MacConkey Agar (MCA) (Hi-media) and incubated at 37°C for 24 h. At the
end of incubation, 'colourless pink-white opaque to translucent colonies with a
diametre of about 1-2 mm, surrounded by a pink or red hue on BGA and transparent
colourless colonies with opaque center on MCA were selected. The selected
colonies were transferred to nutrient agar slants and incubated at 37°C for overnight
and stored at refrigeration temperature for further characterization of the isolates.
The cultural, morphological and biochemical characteristics of the isolates were
identified according to the procedure described by Edwards and Ewing (1972) and

Barrow and Feltham (1993) and are shown in flow chart 5.

3.5.4 Listeria monocytogenes

From the stock solution, 10 ml was transferred into a sterile conical flask
containing 90 ml of Listeria enrichment bioth (Autio et al., 2000), mixed
thoroughly and incubated at 30°C for 7 days. A loopful of the inoculum was
streaked on to duplicate plates of Oxford agar and Polymyxin B Acriflavin Lithium
Chloride Ceftazidime Aeseulin Mannitol (PALCAM) agar on the second and
seventh’ day of incubation _and incubated at 30°C for 24-48 h. At the end of

incubation, the colonies with a black zones on Oxford agar and those with cherry

Seypen
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red background on PALCAM agar were inoculated onto Lithium Chloride
Phenylethanol Moxalactam (I.PM) agar. The plates were incubated at 30°C for 24
h and examined under Henry’s oblique lighting technique. Typical grayish blue
colonies were picked and inoculated onto Trypticase Soy Agar (TSA) slants and
incubated at 30°C for 24 h and stored at 4°C for further characterization of the
isolates. The isolates were subjected to various tests prescribed by Wang et al.
(1992) as shown in the flow chart 6. The isolates showing characteristics similar to

that in flow chart were considered as Listeria monocytogenes.

3.6 CHARACTERISATION AND IDENTIFICATION OF ISOLATES
The isolates were identified by tile following tests.

3.6.1 Primary identification tests

1. Catalase test

Slide test

A small quantity of the colony was transferred on to a clean, grease free,
glass slide and mixed Well with a drop of three per cent hydrogen peroxide.
Evolution of effervescence within a few seconds indicates a positive reaction
(Barrow and Feltham, 1993).

Tube test

One ml of three per cent hydrogen peroxide solution was poured over the
slope of a nutrient agar slant on which the isolate was grown. A positive reaction is

indicated by the development of effervescence immediately (Barrow and Feltham,
1993).

2. Gram staining

The procedure for gram staining is as follows:
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a. A thin smear of each isolate was made on a clean, grease free glass slide.

Air dried the smear and then heat fixed by passing over a flame.

b. The smear was then flooded with 0.5 per cent crystal violet in water and

allowed to act for 30 seconds.
c. Poured off the stain and washed with water.

d. Flooded the smear with Gram’s iodine solution (one per cent iodine and two

per cent potassium iodide in water) for 30 seconds.

e. Poured off the solution and the smear was decolourised with a few drops of

acetone and allowed to act for two to three seconds.

f. Washed the smear and counterstained with dilute carbol fuchsin for 30

seconds.

g. Poured off the stain from the slide, washed, dried and examined under oil

immersion objective of the microscope (Barrow and Feltham, 1993)
3. Motility test

Motility of the organism was assessed by stabbing the isolate into the Hugh
and Leifson’s medium with a straight wire upto a depth of 5 mm. Motility was
indicated by a spreading growth into the medium from the line of inoculation and
growth of non motile organisms is confined to the stab (Barrow and Feltham,
1993). '

4, Oxidase test

A filter paper strip is moistened with a few drops of an aqueous solution of
one per cent tetramethyl-para-phenylenediamine dihydrochloride. Each isolate was
then smeared across the paper strip with a platinum loop. The appearance of a dark
purple colour on the paper strip within 30 se;conds indicates a positive reaction

(Barrow and Feltham, 1993).
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5. Oxidation — Fermentation test.

Each isolate was inoculated into duplicate tubes of Hugh and Leifson’s
media by stabbing with a straight wire. One of the tubes was sealed with a layer of
melted soft paraffin to a depth of about three centimetres above the medium. The
tubes were incubated at 37°C for upto 14 days. A change in colour of the medium
from green to yellow in the open tube alone is taken as oxidation whereas a change
in colour from green to yellow in both the tubes is regarded as fermentation.
Absence of colour change in both tubes indicate no action on carbohydrates
(Barrow and Feltham, 1993).

3.6.2 Secondary tests

1. Aesculin hydrolysis

, The organfsm was inoculated into aesculin broth and was incubated at 37°C
and examined daily for five days. Blackening of the broth due to hydrolysis of

aesculin indicates a positive reaction (Barrow and Feltham, 1993).
2. Arginine hydrolysis

The organism was inoculated into five ml of arginine broth and was
incubated at 37°C for 24 h. At the end of incubation period, 0.25 ml of Nessler’s
reagent was added. Arginine hydrolysis indicated by the development of a brown

colour. (Barrow and Feltham, 1993).
3. Carbohydrate utilization test

Each isolate was inoculated into two test tubes containing peptone water
with Andrade’s indicator and one per cent appropriate sugar. One of the tubes
contained an inverted Durham’s tube. The inoculated tubes were incubated at 37°C
and examined daily for seven days to detect the production of acid and/or gas. A
change in colour of the medium to pink indicates acid production and the
production of gas is indicated by the appearance of air bubbles in the inverted

Durham’s tube. Anaerobic condition of the medium was provided by adding a
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layer of sterile molten soft paraffin to a depth of about one centimeter above the
media (Barrow and Feltham, 1993).

4, Citrate utilization test

A light suspension of the organism was made in normal saline and was
inoculated with a straight wire on to the slope of Simmon’s citrate agar. The
inoculated medium was incubated at 37°C and examined daily up to seven days.
The ability of the organism to utilize citrate as the sole source of carbon is indicated
by a change in colour of the medium from green to blue and growth of the organism
along the streak line (Barrow and Feltham, 1993).

5. Coagulase test
Slide test

A small quantity of the culture was emulsified in a drop of saline on a
microscope slide to produce a thick suspension: The suspension was stirred with a
straight wire dipped in rabbit plasma. A positive result is indicated by macroscopic
clumping within five seconds and delayed clumping is considered as negative

reaction (Barrow and Feltham, 1993).
Tube test

Mixed 0.5 ml undiluted rabbit plasma with an equal volume of an 18 to 24
h broth culture of the test organism and incubated at 37°C and examined after one
and four hours for coagulation. Negative tubes were left at room temperature

overnight and re-examined (Barrow and Feltham, 1993).
6. Decarboxylase reactions

Each isolate was heavily inoculated with a straight wire into three test tubes
containing decarboxylase media. One of the tubes contained lysine and other
contained ornithine. The third tube is taken as the control. The organism was

inoculated through the paraffin layer and incubated at 37°C for five days. In a
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positive reaction, the medium first turns yellow and then becomes purple and the

control tubes remain yellow (Barrow and Feltham, 1993).
7. Eijkman test

Each test organism was inoculated into tubes containing MacConkey broth
with inverted Durham’s tube, warmed to 37°C and incubated at 44 + 0,1°C in a
water bath for 48 h. Production of both acid and gas indicates a positive reaction
(Barrow and Feltham, 1993).

8. Gelatin hydrolysis/liquefaction

Each isolate was inoculated into nutrient gelatin and incubated at 37°C for
upto 14 days. An uninoculated control tube was also set. The tubes were cooled
every two to three days in a refrigerator for two hours and then examined for
liquefaction. A positive result is indicated by liquefaction of gelatin (Barrow and
Feltham, 1993).

9. Hippurate hydrolysis

The slope of hippurate agar was lightly inoculated with the test organism
and examined daily for seven days. Hydrolysis of hippurate is indicated by growth
and the. development of a pink colour due to alkali production (Barrow and
" Feltham, 1993).

10. Indole production

The isolate was inoculated into peptone water and incubated at 37°C for 48
h. At the end of incubation added 0.5 ml of Kovac’s reagent, mixed well and
examined. A red colour in the reagent layer indicates a positive reaction (Barrow
and Feltham, 1993).

11. Methyl red (MR) reaction

The MR-VP medium was inoculated with the isolate and incubated at 37°C
for two days. Added two drops of methyl red solution at the end of incubation
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period and examined. Development of 2 red colour indicates positive reaction
(Barrow and Feltham, 1993).

12. ONPG (O-nitrophenyl--D-galactopyranoside) test

Each isolate was inoculated into ONPG broth and incubated at 37°C for 48
h. The B galactosidase activity of the organism is indicated by the development of

an yellow colour due to the production of O-nitrophenol (Barrow and Feltham,
1993).

13. Phenyl alanine deamination

The phenyl alanine agar slope was heavily inoculated with the test organism
and incubated at 37°C for overnight. At the end of incubation, 0.2 ml of 10 per cent
aqueous solution of ferric chloride was poured over the slope. A positive result is
indicated by the development of a green colour on the slope and in the free liquid at
the base (Barrow and Feltham, 1993).

14. Phosphatase test

The phenolphthalein phosphate agar was lightly inoculated with the test
organism to obtain discrete colonies and incubated at 37°C for 18 h. At the end of
incubation, 0.1 ml of ammonia solution (specific gravity — 0.880) was placed in the
lid of the petri-dish and the medium was inverted over it. Free phenolphthalein
liberated by phosphatase reacts with the ammonia and phosphatase positive

colonies become bright pink (Barrow and Feltham, 1993).
15. Triple sugar iron test

Each isolate was stab inoculated into the butt of triple sugar iron agar with
straight wire and the slope of the agar was streaked with the wire. The inoculated
tubes were incubated at 37°C for 24 h. The tubes were examined at thé end of
incubation for the development of an alkaline slant and an acid butt with or without

the production of hydrogen sulphide (Edwards and Ewing, 1972).
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16. Urease activity

Slopes of Christensen’s urea agar was heavily inoculated with the test
organism and incubated at 37°C. The tubes were examined after four hours of
incubation and daily for five days. Development of a red colour in the medium

indicates a positive reaction. (Barrow and Feltham, 1993).
17. Voges-Proskéuer reaction

The MR-VP medium inoculated with the isolate was subjected to methyl red
test. After completion of the test, added 0.6 ml of 5% o naphthol solution and 0.2_
ml of 40% aqueous potassium hydroxide into the tube. After thorough mixing of
the contents, the tube was kept in a slanting position and examined after 15 minutes
and one hour. A positive reaction is indicated by the development of a strong red

colour (Barrow and Feltham, 1993).

3.7 ENUMERATION OF BACTERIA FROM SAMPLES OF ENVIRONMENT,
PROCESSING EQUIPMENTS AND HAND WASHINGS OF PERSONNEL

3.7.1 Air

Direct exposure method described by Evancho et al. (2001) was emplbyed
for the enumeration of air borne microorganisms in different areas of pig slaughter
line. To estimate the bacterial counts in the air, duplicate petri-dishes containing
sterile nutrient agar medium was exposed for 15 minutes. The plates were brought
to the laboratory in thermocool container and incubated at 37°C for 48 hours. The
number of colonies developed in the duplicate plates was counted and the mean

count was expressed as colony forming units (cfu) / min.

3.7.2 Water
3.7.2.1 Collection of samples
a. Pond water

A pond, about 500 m away from the abattoir formed the source of water

supply for the various operations in the abattoir. A clean sterile bottle of 250 ml
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capacity was held by its bottom and plunged its neck downwards below the surface
of water. The bottle was then turned until the neck pointed slightly upwards. When
filled with water, the bottle was raised rapidly above the surface of water and then

stoppered. The samples were brought to the laboratory in a thermocool container.
b. Tap water

Samples were collected from a tap in regular use at the slaughter hall of the
abattoir. Allowed the water from tap run to waste for about two minutes to flush the
interior of the nozzle and discharge the stagnant water. In order to, collect the
sample a sterile bottle of 250 ml capacity, was held near the base with one hand and

filled from a gentle stream of water from the tap, avoiding splashing.
c. Scalding water

The temperature of the scalding tank water was measured during the
processing of pig carcasses. About 200 ml of scalding tank water was collected
using a sterile bottle with stopper and allowed to cool at room temperature and

brought to the laboratory in thermocool container.

d. Hand wash of personnel

On each visit, the hands of an individual were washed in 100 ml of 0.1 per
cent sterile peptone water and the washing was collected into a sterile conical flask

and stoppered. The samples were brought to the laboratory in a thermocool

container.
3.7.2.2 Processing of samples

Prepared 1 in 10 dilution of the sample by adding 10 m! of sample to 90 ml
sterile quarter strength Ringer’s solution and mixed vigorously. One milliliter of the
inoculum was transferred to 9 ml diluent so as to form serial 10 fold dilutions upto

10?. Selected serial dilution of each water sample was used to estimate TVC, CC
and ECC.
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All the water samples were subjected to bacteriological ¢xamination by the
method described by ISI (1978).

3.7.3 Processing equipments
a. Cutting table and cutting board

For sampling meat cutting table and meat cutting board, a sterile cotton
swab was moistened in 0.1 per cent sterile peptone water and the excess solution
was pressed out against the interior wall of the vial with a rotating motion. The
swab head was rubbed slowly and thoroughly over 100 cm® surface, which was
marked with a sterile template (10 x 10 cm? internal area). The swab was rubbed
three times, reversing direction between strokes. The swab head was cut with sterile
scissors, transferred into a sterile vial and brought to the laboratory in a thermocool

container.
b. Knife and steel

In order to collect samples of knife and steel the swab was moistened with
0.1 per cent sterile peptone water and it was slowly moved firmly three times over
the surface, reversirig the direction at each time. After swabbing, the processing
élmd transportation of the swab was carried out as described in sampling of cutting
table and board.

c. Bell scraper and carcass splitter

To collect samples from the bell scraper and carcass splitter, the moistened
swab was moved over the surface of the equipments several times by reversing the
direction of the swab. After swabbing, the processing and transportation of the swab

was carried out as described in sampling of cutting table and board.

d. HDPE pouches

Twenty milllitre of 0.1 per cent sterile peptone water was poured into each

of 500g capacity pouches and agitated ten times by holding vertically and
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horizontally. The samples were than collected into a sterile conical flask by keeping

the pouches upright.

All samples of environment, processing equipments and hand washings of

personnel were collected six times.
3.7.4 Evaluation of bacterial load

The preparation, processing and estimation of bacterial load on the swab
samples collected from the processing equipments and HDPE pouches was carried

out as in the case of carcass swab stock solution.
3.8 STATISTICAL ANALYSIS

The data obtained in the study were subjected to statistical analysis as per

the procedure described by Rangaswamy (1995).
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4. RESULTS

During the investigation, samples collected from carcasses after evisceration
and after final washing. Samples from these carcasses were subjected to estimate
the level of various bacteria per cm” of the carcass surface and also for the isolation
and identification of certain bacteria of public health significance. Processing
equipments, environmental samples and hand washing of personnel engaged in the
dressing lirie of the plant were also tested to detect the level of different bacterial

population.
4.1 BACTERIAL COUNT

All samples collected form both eviscerated and finally washed carcasses
were tested to determine the bacterial quality of the carcasses by estimating the total

viable count, coliforms count, Escherichia coli and faecal streptococcal count.
4.1.1 Total viable count

The mean total viable count (TVC) of the samples collected from the

carcasses after evisceration and after final washing is given in table 2. The data of

Table 2. Mean total viéble count of the eviscerated and finally washed pork

carcasses
Samples Mean & SE
| 2
No. Stage of dressing (logio cfu/cm®)
2 AE 5.14°+0.16
2 AFW~ ' 5.31°+0.16

P<0.05, AE - After evisceration, AFW - After final washing
Figures bearing the same superscript in the same column differ significantly

the samples were subjected to analysis of variarnce test, which showed a significant

(P<0.05) difference between the mean count of the samples from eviscerated and
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finally washed carcassess. The higher mean count was found in the finally washed

carcasses.
4.1.1.1. Distribution of carcasses based on the level of total viable count

The distribution of eviscerated and finally washed carcasses based on the
level of total viable count per cm® is shown in table 3 & fig. 1. Samples collected
from carcasses after final washing had count at the level of 10° to 10° cfu/em® while
the samples collected from the carcasses after evisceration had count only upto 10°
cfi/em?. In 64 per cent of eviscerated carcasses, the count was at the level of 10°
cfu/cm? whereas, only‘ 56 per cent of finally washed carcasses showed the count at
the above level. Only four per cent of the samples of the latter group had count at
the level of 10° cfu/cm® while the count at the level was seen in 16 per cent of the

carcasses after evisceration.

Table 3. Distribution of carcasses based on the level of total viable count

Sampies Level of TVC on carcasses
(cfu/cm®)
No Stage of dressing 10° 10* 10° 106
25 AE 4 (16) 5 (20) 16 (64) -
25 AFW 1(4) _ 8 (32) 14 (56) 2(8)

AE - After evisceration, AFW - After final washing
Figures in parenthesis indicate per cent

4.1.2 Coliforms count

All samples collected from the carcasses after evisceration and after final
washing were subjected to estimation of coliforms count (CC) and the mean count
of both the group of carcasses is shown in table 4. Out of the 25 carcasses tested,

only 15 (60%) samples collected after evisceration and 12 (48%) samples obtained



Per cent of postive samples

Fig. 1. Distribution of pork carcasses based on TVC
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after final washing revealed the presence of the organism. However a high mean

count was observed in the latter group of carcass.

Table 4. Mean coliforms count of eviscerated and finally washed pork carcasses

Samples Mean & SEB
No. Stage of dressing (logio cfw/cm®)
% AE © 1.89+0.17
2 AFW 1.99 + 0.23

AE - After evisceration, AFW - After final washing

4.1,2.1. Distribution of carcasses based on the level of coliforms count

The distribution of both groups of carcasses based on coliforms count is
shown in table 5 and Fig. 2. Out of the 25 carcass samples collected after
evisceration, 40 per cent did not yield the organism. The organism was not detected
in 52 per cent of samples obtained from finally washed carcass groups. However
the carcasses from both the groups had count between 10" and 10? cfw/em?. Fifty
two percent of the samples collected from the carcasses after evisceration had the
organism at the level of 10" cfu/cm?. Twent); four per cent each of the finally

washed carcasses revealed count at the level of 10! and 10* cfw/em’.

Table 5. Distribution of carcasses based on the level of coliforms count

Samples Level of CC on carcasses
(cfu/cm2)
No Stage of dressing 10! 10
25 AE 13 (52) 2 (8)
25 AFW 6 (24) 6 (24)

AE - After evisceration, AFW - After final washing
Figures in parenthesis indicate per cent



Per cent of positive samples

m After evisceration
O After final washing

Level of coliforms count per cm2

Fig. 2. Distribution of pork carcasses based on CC
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4.1.3 Escherichia coli count

The mean Escherichia coli count of the samples collected from the
carcasses after evisceration and after final washing is given in table 6. Escherichia
coli count of the samples collected after final washing had a higher mean count

when compared to the samples obtained after evisceration.

Table 6. Mean Esclierichia coli count of eviscerated and finally washed pork

carcasses
Sl Mean = SE
= f 2
Mo Stage of dressing (logio cfu/cm®)
» AE 1.19 4 0.08
2 AFW 129 +0.12

AE - After evisceration, AFW — After final washing

4.1.3.1 Distribution of carcasses based on the level of Escherichia coli count

The distribution of carcasses based on Escherichia coli count is shown in
table 7 and Fig. 3. Escherichia coli was not observed in 80 and 84 percent of
carcasses after evisceration and after final washing, respectively. Both groups of
carcasses had count at the level of 10" and 10* cfu/cm®. The count in 16 percent of
samples collected after evisceration of carcasses had the count at the level of 10
cfu/cm? whereas, eight percent of the samples each from finally washed carcasses

had count at the level of 10' and 10? cfi/cm?.

Table 7. Distribution of carcasses based on the level of Esclierichia coli count

Samples Level of ECC on2 carcasses
(cfu/cm®)
No. Stage of dressing 10" 10
2 AB 1(4) 4(16)
> AFW 2(8) 2 (8)

AE - After evisceration, AFW - After final washing
Figures in parenthesis indicate per cent




Per cent of positive samples

m After evisceration
m After final washing

Fig. 3. Distribution of pork carcasses based on ECC
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4,1.4 Faecal streptococcal count

The mean faecal streptococcal count (FSC) of samples collected after
evisceration and after final washing are depicted in table 8 The count of the
samples taken after final wash of carcasses had a higher mean count as compared

with those after evisceration,

Table 8. Mean faecal streptococcal count of the eviscerated and finally washed
pork carcasses :

Samples Mean + SE
No. Stage of dressing (logo cfo/em’)
25 AE 3.19+0.20
25 AFW 3.28% 0.20

AE - After evisceration, AFW - After final washing

4.1.4.1 The distribution of carcasses based on the level of faecal streptococcal

count

The distribution of pig carcasses after evisceration and after final washing
based on faecal streptococcal count are given in table 9 and Fig. 4. Faecal
streptococcal count was observed at the level of 10° c:_fu/cm2 in both sets of
carcasses and had the count in 20 per cent of samples. However the organism was
not detected in 12 per cent of the samples in both groups. The highest percentage of

carcasses in both the groups had count at the level of 10% cfu/cm?,

Table 9. Distribution of carcasses based on faecal streptococcal count

 Samples Level of FSC onzcarcasses
(cfu/cm®)
No. Stage of dressing 10! 10 10°
25 AE 4 (16) 13 (52) 5(20)
25 AFW 2(8) 15 (60) 5(20)

AE - After evisceration;,  AFW - After final washing
Figures in parenthesis indicate per cent




H After evisceration
O After final washing

Fig. 4. Distribution of pork carcasses based on FSC
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4.2 RELATIONSHIP BETWEEN THE BACTERIAL COUNT

4.2.1 Association between the mean bacterial count of carcass samples taken

after evisceration

The correlation coefficient between mean bacterial count of samples from
eviscerated carcasses is shown in table 10. Analysis of data revealed a positive and
significant (P<0.05) association between CC and ECC. However, a non-significant
but positive relationship was observed between mean TVC and ECC and also
between ECC and FSC of eviscerated carcass samples. Negative and non-
significant correlation was seen between TVC and CC, TVC and FSC and CC and
FSC.

Table 10. Correlation coefficient between mean bacterial count of eviscerated

carcasses
Correlation coefficient between mean bacterial count
Bacterial Count
TVC CC ECC FSC
TVC 0.070 0130 | 0192
CC . 0.514 * 0.032
ECC ) 0.143

*P<0.05

TVC - total viable count, CC - coliforms count
ECC - Escherichia coli count, FSC - faecal streptococcal count

4.2.2 Association between the mean bacterial count of carcass samples taken

after final washing

The relationship between the mean bacterial count of carcass samples taken
after final washing is shown in table 11. The association between TVC and CC,
TVC and ECC and CC and ECC was significant (P<0.05) but the former two

associations showed a negative relationship. The relationship of FSC with all other
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count was not significant. A negative correlation was observed between CC and
FSC and FSC and ECC.

Table 11. Correlation coefficient between mean bacterial count of finally
washed carcasses

Correlation coefficient between mean bacterial count
Bacterial Count
TVC CC ECC FSC
TVC -0.560% -0.554* 0.231
cC ' 0.712* -0.070
ECC -0.052

*P<0.05

TVC - total viable count, CC - coliforms count
ECC - Escherichia coli count, FSC - faecal streptococcal count

4.3 ISOLATION AND IDENTIFICATION OF BACTERIA

All samples collected from eviscerated and finally washed carcasses were
tested to isolate and identify Escherichia coli, Staphylococcus aureus, Salmonella

and Listeria monocytogenes. The results are as follows:

4.3.1 Escherichia coli

Escherichia coli was isolated from five (20%) eviscerated and four (16%)
[ e,

finally washed carcasses. All isolates, two each from every positive carcasses, were
identified by cultural, morphological and biochemical tests. The 18 Escherichia coli
were serotyped at the National Escherichia and Salmonella Centre, Central
Research Institute, Kasauli, Himachal Pradesh. The serotypes isolated from each
group of carcasses are shown in table 12. Of th_eJ_S__isplates, 15 fell into 12
serogroups and the remaining three were untypable. The serotypes 08, O11, 064,
088 and 0101 were isolated solely from eviscerated carcasses while, serotypes

078, O119, 0123 and 0140 were isolated exclusively from finally washed

g
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carcasses. However, the serotypes OS5, 025 and O60 were isolated from samples
belonging to both groups of carcasses. Two isolates from eviscerated carcasses and

one from finally washed carcasses were untypable.

Table 12. Distribution of Escherichia coli serotypes isolated from
' eviscerated and finally washed carcasses

Stage of dressing and number of | .
Serotypes isolates Total
AE AFW
05 1 1 2 ?
08 1 - 1
ol1 1 - 1
025. 1 1 2
060 1 1. 2
064 1 - 1
078 - 1 1
088 1 - 1
0101 1 - 1
0119 - 1 1
. 0123 - 1 1
0140 - ' 1 1
UT 2 1 3

AE - After evisceration, AFW — After final washing

4.3.2 Staphylococcus aureus

All samples collected from both eviscerated and finally washed carcasses
revealed the presence of Staphylococci. However, Staphylococcus aureus was

isolated from two (8%) of 25 eviscerated carcasses and from six (24%) of 25 finally

washed carcasses.



4.3.3 Salmonella

All samples collected from both eviscerated and finally washed carcasses

did not reveal the presence of salmonellae.
4.3.4 Listeria monocytogenes

None of the samples obtained from eviscerated and finally washed carcasses

revealed the presence of the organism.

44 BACTERIAL COUNT OF ENVIRONMENTAL SAMPLES AND
PROCESSING EQUIPMENTS

4.4.1 Air

The mean bacterial count of air sami)les obtained from slaughter hall,
stunning and evisceration areas and chilling rooms of the pig slaughter line is given
in table 13. Among the air samples from the four sites, the air at evisceration area
had the highest count, while the lowest count was observed in the samples obtained

from chilling room.

Table 13. Mean bacterial count of air samples in the

pig slaughter line
. Mean + SE
Sampling area .
(cf/min)
Slaughter hall ©1.62+0.83
Stunning area 2.01+0.52
Evisceration area 2.08+£0.75
Chilling room 0.94+0.19
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4.4.2 Water

The mean total viable count (TVC), coliforms count (CC), and Escherichia
coli count (ECC) of water used in the pig slaughter line are shown in table 14. Pond
water samples had the highest mean total viable count. However, Escherichia coli
count was highest in hand washings of personnel. Coliforms count was seen highest
in scalding tank water and the count was found at the lowest level in tap water.

None of the pond water and tap water samples revealed Escherichia coli.

Table 14. Mean bacterial count of water used in the pig slaughter line

Bacterial count
Source (logie cfu/mi)
TVC CC ECC
Pond water 5.10+0.79 1.39+0.77 -
Tap water ' 2.89+0.12 0.45+0.15 _ -
Scalding tank water 428 +0.78 1.59+0.76 1.12+0.75
Hand wash of personnel 4.96 £0.82 1.26 £ 0.78 1.18 £0.77

TVC = Total viable count, CC = Coliforms count, ECC = Escherichia coli count
4.4.3 Processing equipments

The mean bacterial count on the bell scraper, knife, steel, cutting board,
cutting table, carcass splitter and HDPE pouches are shown in table 15. Samples
collected from bell scraper had the highest mean total viable count and the count
was least in HDPE pouches. None of the samples revealed the presence of
Escherichia coli. Samples obtained from knives, cutting board and cutting table had
faecal streptococci, with the highest level of organism observed in cutting board
samples. Coliforms were not detected in the samples obtained from bell scraper and
HDPE pouches. The organism was observed in all other samples and the highest

count was seen in samples collected from carcass splitter.



Table 15. Mean bacterial count of processing equipments used in the pig
‘ slaughter line '

Bacterial count
Equipments (logio cfu/em? or per ml)
TVvVC cC ECC FSC

Bell scraper 5.93 +0.80 - - -
Knife 2.36 £0.76 1.11+£0.73 - 1.13+0.70
Steel 3.08£0.75 1.57+£0.74 - -
Cutting board 4.94 + 0.87 1.24 +0.94. - 1.38+0.86
Cutting table 428 +0.87 1.26 £ 0.83 - 1.29+0.79
Carcass

_ 4,96 +£0.16 2.24+0.13 - -
splitter
HDPE

1.18 £0.76 - - -

pouches

TVC = Total viable count, CC = Coliforms count

ECC = Escherichia coli count, FSC = Faecal streptococcal count
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5. DISCUSSION

During the present investigation, pork carcass samples were collected after
evisceration and after final washing in the processing line of a meat processing
plant, in order to evaluate the hygienic status of carcasses produced in the plant. All
samples were tested to detect the level of bacterial load i)er cm” on the carcass
surface and also to detect the presence' of certain bacteria of public health
significance. Studies were also made to assess the role of environment, personnel

and equipments on the bacterial contamination of carcasses.
5.1 BACTERIAL COUNT

In the study, an area of 100 cm? each, was swabbed from five different sites
on the carcasses viz., jowl, shoulder, bacon, loin and hain, after evisceration and
after final washing. The samples collected from each of the evisceration or finally
washed carcass were pooled so as to form a uniform representative sample. The
bacterial load on the carcasses was determined 'by estimating the total viable count,

coliforms count, faecal streptococcal count and Escherichia coli count.

5.1.1 Total viable count

Analysis of variance test revealed that the mean total viable count of
carcasses éfter final washing was significantly (P<0.05) higher than that of
eviscerated carcasses. The mean total viable count of eviscerated carcasses was two
log greater than that reported by Rahkio and Korkeala (1992) and Rivas ef al.
(2000). The mean count of finally washea carcass samples was four logs higher than
that reported by Yu et al. (1999) and about two log greater than that recorded by
Bolton et al. (2002). In the eviscerated carcassés, 64 per cent had count at the level
of 10° cfu/em? and 56 per cent of finally washed carcass had the count at the above
level. The difference between the high count of eviscerated and finally washed
carcasses was one log. The increased count in finally washed carcasses could be
attributed to close contact bet\;veen carcasses, contamination from splitter, splashing

of water during power hosing and extensive handling of carcasses by personnel.
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Total viable count is used as an index of sanitary quality and handling
history of foods (Jay, 1978). The high count in freshly dressed carcasses is an
indication of the poor hygienic practices followed during dressing and the count may

shorten the keeping quality of such carcasses.
5.1.2 Coliforms count

The finally washed carcasses had a high mean coliforms count, 1.99 + 0.23
logo cfu/cm?, as compared to the count of the eviscerated carcasses, 1.89 % 0.17
logyo cfw/cm?. The latter count was 0.89 iog,o cf/em® higher than that reported by
Rivas et al. (2000). However, the count on finally washed carcasses was one log
greater than that recorded by Yu ét al. (1999). Coliforms count was observed at the
level of 10% cfu/cm? in both groups of carcasses. The count at the above level was
observed in eight percent of the former group of carcass and 24 per cent of the latter
group of carcasses. Coliforms' count is used to assess the over all quality and
hygienic condition prevailing during processing of food (Komacki and Johnson,
2001). The high level of the count indicates carcass 'contamination might be of

faecal origin or from water contaminated with the organisms.
5.1.3 Escherichia coli count

The mean Escherichia coli count of the eviscerated carcasses was 1.19 +
0.08 logo cfuw/cm?, which is almost similar to that recorded by Rivas ef al. (2000).
The count in finally washed carcasses was 1.29 £ 0.12 logjp cfu/em?, which is
similar to that reported by Gill et al. (2000a). The organism was not observed in 80
per cent of eviscerated and in 84 per cent of the finally washed carcasses. The
organism was observed in 16 per cent of eviscerated and eight per cent of finally
washed carcasses at the level of 10? cfu/cm®. Only five (20%) out of 25 eviscerated
carcasses and four (16%) out of the 25 finally washed carcasses had the organism
and the count in these samples were much higher than that recommended by USDA
(Gil1,2000). Though the organism is of intestinal origin, at times, it is absent in the
intestinal tract of hogs (Jay, 1996). The contamination of carcasses might have
occurred from intestinal contents, contaminated water and also from the personnel

engaged in various dressing processes.
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5.1.4 Faecal streptococcal count

The mean faecal streptococcal count of the eviscerated and finally washed
carcasses was 3.19 £ 0.20 logjo cfu/em?® and 3.28 + 0.20 logyo ‘cfu/cmz, respectively.
In both groups, the count was observed at the level of 10° cfu/em?. The organism is
normally present in mammalian faeces and act as indicators of poor factory
sanitation (Brown and Baird-Parker, 1982). The organism is widely distributed in
slaughterhouses and are occasionally associated with bone taint or sliminess in
carcasses (Jay, 1978). The presence of the organism in 88 per cent of the samples

indicate poor hygienic practices at different levels of dreésing of carcasses.
5.2 RELATIONSHIP BETWEEN BACTERIAL COUNT
5.2.1 After evisceration

Analysis of data revealed a positive and significant (P<0.05) relation
between CC and ECC, which is in accordance with the reports of Rivas ez al. (2000).
It was observed that a negative and non-significant association existed between TVC

“and CC and TVC and FSC. A similar association was found between CC and FSC.
However the relationship between TVC and ECC and ECC and FSC were non-
significant, but positive. From the observation of the study, it may be inferred that
the contamination of carcasses with coliforms might be of intestinal origin since the

only positive and significant association was observed between CC and ECC.

©5.2.2 After final washing

-

A positive and significant (P<0.05) relationship was observed between CC‘
and ECC. This indicates that carcass contamination was mainly of intestinal origin.
However, TVC and CC and also TVC and ECC had a negative but significant
(P<0.05) association. Such a relationship indicates that as TVC increases, both CC
and ECC decreases. This may be attributed to the reduction of bacteria during
washing. The iﬁcrease in ECC with CC might be due to the redistribution of
organisms during washing the internal body cavities, splashing of water between
carcasses during power hosing and the subseq'uent surface contact and due to the

extensive handling by personnel.

\
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5.3 ISOLATION OF BACTERIA

‘Samples collected from the eviscerated and finally washed carcasses were
examiried to detect the presence of Escherichia coli, Staphylococcus aureus,

Salmonella and Listeria monocytogenes.
5.3.1 Escherichia coli

Escherichia coli was isolated from 20 per cent of eviscerated and 16
per cent of finally washed carcasses. A total of 18 Escherichia coli were recovered
from the carcasses. On serotyping, 15 isolates fell into 12 serogroups viz., 05, O8,
011, 025, 060, 064, 078, 088, 0101, 0119, 0123 and 0140 and three isolates,

were untypable.

The serotypes 08, O11, 025 and O101 belonged to the enterotoxigenic
Escherichia coli (ETEC) group. These serotype resemble Vibrio cholerae with their
enterotoxins namely heat labile (LT) and heat stable (ST) toxins. These are
responsible for fatal infantile and trarveller’s diarrhoea in man. Food handlers and
contaminated water supply have been implicated as the cause. 'The isolation of
serotyi)e O11 from pork samples has been reported by Nair et a/. (1984), Borah
et al. (1988b) and Sulthienkul er al. (1990). The strain causes parenteral septic

infection in man.

Enterohaemorrhagic Escherichia coli (EHEC) produces one or two Shiga-
like toxins. The serotypes OS5 and O88 belong to this group. These produce
haemolytic uremic syndrome (HUS) and haemorrhagic colitis (HC) in man. Foods
contaminated with these serotypes have been associated with several outbreaks.

Samadpour et al. (1994) reported the isolation of serotype O88 from pork samples.

Serotype O78 belongs to enteroaggregative Escherichia coli (EAEC) and is

responsible for persistent diarrhoea in children.

The serotype O119 belongs to enteropathogenic (EPEC) group of

Escherichia coli. Though the serotype does not produce enterotoxins, it causes

diarrhoea in man.
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The serotype O5 belongs to the verocell cytotoxin producing group of
Escherichia coli. Isolation of VTEC organism has been reported by Bouvet et al.
(2002b). Pigs may be a vehicle for pathogenic.VTEC strains associated with post-
weaning diarrhoea and oedema disease in weaned pigs (Smith and Cheasty, 1998). It
is one of the most important, recently emerged group of pathogen, in food chain,
transmitted to human through direct or indirect contamination of foods including

pork, by faecal material.

The presence of pathogenic strains of Escherichia coli in the pork carcasses
during the study, indicate the potential risk of infection to man. Presence of the
organism in finally washed carcasses indicates that the organism has survived the
pathogen reduction steps in the dressing process, which indicates the cross

contamination and unhygienic practices during dressing.
53.2 Staphylococéus aureus

Staphylococci were present in all samples of eviscerated and finally washed
carcasses. Howe;ver Staphylococcus aureus was detected from two (8%) out of 25
eviscerated and six (24%) out of 25 finally washed carcasses. Isolation of the
organism has also been reported by Nair et al. (1984), Saide-Albornoz et al. (1995)
and Rho ez al. (2001).

Staphylococci are ubiquitous in nature and considered as opportunistic
pathogens. Staphylococcus aureus constitutes a normal part of the microflora of
animal and hurnén body, being found on skin and hair, nose, mouth and throat
(Martin and Myers, 1994). Any food that provides a good medium for the growth of
the organism may be involved in food poisoning. Foods commonly associated with
staphylococcal food poisoning are meat (beef, pork, poultry), salads and dairy
products. Contamination of dressed pig carcasses by the organism is common and
often unavoidable. Foods subjected to post process contamination with
Staphylococcus aureus pose a significant hazard due to elimination of competitive
organisms that normally restrict the growth of Staphylococcus aureus and the
production of enterotoxins. Contamination of food occur mainly by process line

workers with hand or arm lesions caused by the organism, coming in contact with
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the food. So also, contaminated processing surfaces is an important source of the
organism (Bergdoll, 1990; Lancette and Bennett, 2001). In the present study, the
presence of the organism in both groups of carcasses indicates poor hygienic
practices followed during production. .Tl'le' presence of increased load of
Staphylococcus aureus in finally washed carcasses than the eviscerated group
indicates contamination by extensive handling of the carcasses by meat handlers in

the processing line.
5.3.3 Salmonella

None of the samples from both eviscerated and finally washed carcasses
revealed the presence of Salmonella. Similar reports have been recorded by Gill and
Bryant(1993), Miller et al. (1997), Carr et al. (1998), Rho et al. (2001) and Thorberg
and Engvall (2001). However, isolation of the organism from pork carcasses were
reported by Mafu ez al. (1989), Saide-Albornoz et al. (1995), Berends et al. (1997),
Korsak et al. (1998), Giovannacci et ‘al. (2001), Swanenburg et al. (2001) and
Bolton et al. (2002).

5.3.4 Listeria monocytogenes

All samples from eviscerated and finally washed carcasses did not yield
Listeria monocytogenes. The results corroborates with thé findings of Nesbakken
et al. (1994), Miller et al. (1997), and Rho et al. (2001). However, Adesiyun and
Krishnan (1995), Saide-Albormoz et al. (1995), Takeshige et al. (1995), Korsak et al.
(1998) and Autio et al. (2000) have reported the isolation of the organism from pork

Carcasscs.

5.4 ENVIRONMENT AND PROCESSING EQUIPMENTS

The mean bacterial count of air samples at the area of slaughter hall,
stunning, evisceration a and chilling room in the pork processing line were 1.62 +
0.83, 2.01 = 0.52, 2.08 £ 0.75 and 0.94 £ 0.19 cfu/min, respectively. The result is
higher than that reported by Eisel et al. (1997) from a red meat processing plant and
almost similar to that obtained by Rahkio and Korkeala (1997) in slaughterhouses.
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The study revealed the contribution of airborne bacteria in the contamination of pork

v

carcasses during the various stages of dressing.

The mean TVC of water samples from pond, tap, scalding tank and hand
washings of personnel were 5.10 % 0.79, 2.89 = 0.12, 4.28 + 0.78 and 4.96 = 0.82
logio cfu/ml, respectively. The corresponding coliforms count were 1.39 £0.77, 0.45
+ 0.15, 1.59 £ 0.76 and 1.26 £ 0.78 logyo cfu/ml. Escherichia coli count in scalding
tank water and hand washings of personnel were 1.12 &+ 0.75 and 1.18 + 0.77 logio
cfu/ml. The total viable count of the water samples is similar to that obtained by
Tarwate et al. (1993), whereas, the coliforms count was four to six log higher than
the results of the present study. Water used in abattoir should be potable (Gracey
et al. 1999). The findings show that the water used in-the abattoir was far from
international drinking water quality standards prescribed by W.H.O. (Rajvaidya and
Markandey, 1992). The higher count in the water samples indicate its
unwholesomeness and its role in contamination of carcasses especially during

washing.

The TVC of various processing equipments ranged between 2.36 % 0.76 and
5.93 + 0.80 log cfisem?® or per ml. The CC varied between 1.11 £ 0.73 and 2.24 +
0.13 log cfivem? or per ml and the FSC ranged between 1.13 + 0.70 and 1.38 + 0.86
log cfu/cm? or per ml. Knife and steel samples revealed TVC at the level of 2.36 +
0.76 and 3.08 £ 0.75 cfu per ml, respectively. The result is lower than that reported
by Rivas et al. (2000). Similarly coliforms count of the samples were varied between
1.11 £ 0.73 and 1.57 £ 0.74 cfu/ml which is one log higher than that of the above
report. Samples from cutting table revealed a mean CC of 1.26 + 0.83 cfu/cm® which
is lower than that reported by Karr et al. (1996).

The findings of the bacterial qualitﬂz of environment and processing
equipment samples indicate their significance in the contamination of pork carcasses

during its production.
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6. SUMMARY

In the present investigation, 25 pork carcasses were randomly selected from
the dressing line of a meat processing plant located at Kochi, in Kerala. From each
carcass, 500 cm? area was swabbed from one half of the carcass, immediately after
evisceration, which consisted of 100 cm? each from jowl, shoulder, bacon, loin and
ham. These swab samples were pooled into 500 ml diluent, so as to form, the
initial test sample, which was used for assessing the bacteriological quality of
carcasses by estimating total viable éOunt, coliforms count, Escherichia coli count
and faecal streptococcal count. The sample was also used to isolate and identify
Escherichia coli, Staphylococcus aureus, Salmonella and Listeria monocytogenes.
After final washing of same carcasses, swab samples were collected as described
above, processed and bacteriological evaluations were made as described for the
other half of the carcass. The bacteriological quality of samples from environment,
processing equipments, hand washings of personnel, packaging material and
scalding tank water were also evaluated to determine the level of various bacterial

load. All bacterial count of carcass samples were subjected to statistical analysis.

Analysis of variance test of the data revealed that the mean TVC on finally
washed carcasses was significantly (P<0.05) higher than the eviscerated carcasses.
The former group of carcasses had a high mean count (5.31 & 0.16 logio cfu/em?).
The count of the finally washed carcasses varied between 10° and 10° cfu/cm?. The
count in 56 per cent samples was at the level of 10° cfu/cm’ and 32 per cent had
the count at the level of 10% cf/em®. In eight per cent of the carcasses, the count
was at the level of 10°, four per cent had the count at the level of 10° cfu/em?. In
the eviscerated carcasses, 64 per cent had count at the level of 10° cfu/cm®. The
count in 20 and 16 per cent of the carcasses was at the level of 10* and 10° cfu/em?,

respectively.

The mean coliforms count of the eviscerated and finally washed carcasses
was 1.89 £ 0.17 and 1.99 + 0.23 logyo cfu/cm?, respectively. The count in both
groups of carcasses varied from 10' to 10? cfu/cm?®. However, 40 per cent carcasses

of the former group and 52 per cent carcasses in the latter group did not reveal the
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presence of the organism. In eight per cent of eviscerated carcasses the count was
at the level of 10% cfu/em? and 52 per cent of the carcasses had count at the level of
10" cfivem®. The count in 24 per cent of finally washed carcass was at the level of

10" cfu/em® and same per cent had count at the level of 10 cfu/em?,

The mean Escherichia coli count in the eviscerated and finally washed
carcasses was 1.19 % 0.08 and 1.29 £ 0.12 logo cfu/em?, respectively. The
organism was not detected in 80 per cent of former group and 84 per cent of latter
group of carcasses. In eviscerated carcasses, 16 per cent had count at the level of
10% cfu/em?® and in four per cent, the count was at the level of 10" cf/em?, In the
finally washed carcasses, eight per cent each had count at the level of 10! and 10?

cfu/em?, respectively.

The mean faecal streptococcal count iﬁ eviscerated carcasses samples was
3.19 % 0.20 logyo cfu/em® and in finally washed carcass samples was 3.28 + 0.20
log; cfu/cm?. The organism was not detected in 12 per cent of carcasses from both
the groups. The count in 20 per cent carcasses of both the groups was at the level
of 10* cfu/ecm? In the eviscerated carcasses, 52 per cent and 16 pér cent had count
at the level of 10? and 10' cfi/em?, respectively. However, the count in 60 per cent
and eight per cent of the finally washed carcasses was at the level of 10% and 10'
cfu/em?, respectively.

. 2
-The data were subjected to correlation coefficient test. A positive and

significant (P<0.05) correlation was observed between the mean CC and ECC of
eviscerated carcasses. However, a non-significant but positive correlation was
observed between TVC and ECC and ECC and FSC. A negative and non-
significant correlation was seen between TVC and CC, TVC and FSC and CC and
FSC. Finally washed carcasses showed a positive and significant (P<0.05)
correlation between CC and ECC. However, the correlation between TVC and CC
and TVC and ECC was negative but significant (P<0.05).

. Escherichia coli was isolated from five (20 per cent) eviscerated and four
(16 per cent) finally washed carcasses. The 18 isolates recovered from both groups

of carcasses were serotyped at the Central Research Institute, Kasauli, Himachal
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Pradesh. Of the isolates, 12 were serotyped as 05, 08, O11, 025, 060, 064, 078,
088, 0101, 0119, 0123 and O140 and three were untypable. The isolates from
eviscerated carcasses included OS5, O8, O11, 025, 060, 064, 088 and 0101 and
those from finally washed carcasses included O3, 025, 060, 078, 0119, 0123 and
0140. The isolates from both groups of carcasses belonged to enterotoxigenic
Escherichia coli (08, O11, O25 and O101), enterohaemorrhagic Eschrichia coli
(O5 and O88), enteroaggregative Escherichia coli. (O87), enteropathogenic
Escherichia coli and vero cell cytotoxic Escherichia coli (05). All carcass
samples, after evisceration and final washing, revealed the presence of
staphylococci. However, Staphylococcus aureus was isolated from two (eight per

cent) of the eviscerated carcasses and six (24 per cent) of finally washed carcasses.

All carcass samples belonging to both the groups did not reveal the

presence of Salmonella.

None of the samples from both the groups of carcasses revealed the

presence of Listeria monocytogenes.

Air samples at the evisceration site had the highest mean bacterial count
(2.08 £ 0.75 cfu/min), while the lowest mean count was observed in samples from
chilling room (0.94 £ 0.19 cfu/min.). Pond water samples had the highest mean
total viable count (5.10 + 0.79 log;o cfu/ml). The highest-level of coliforms count
was seen in scalding tank water samples (4.28 + 0.78 log)o cf/ml). The highest
Escherichia coli count was observed in hand washings of personnel. None of the
pond and tap water samples revealed the presence of the organism. Among the
samples collected from processing , bell scrapér samples had the highest mean total
viable count (5.93 + 0.80 logo cfu/ml) and the least count was noticed in HDPE
pouches (1.18 £ 0.76 logyo cfu/ml). Samples from carcass splitter had the highest
coliforms count (2.24 = 0.13 logjo cfwml) and the highest mean faecal
streptococcal count was seen in meat cutting board samples (1.38 + 0.86 log;o

cfivem®). None of the samples from processing equipments revealed the presence

of Escherichia coli.



m 20l
e zuced



75

REFERENCES

Adesiyun,~A.A. and Krishnan, C. 1995. Occurrence of Yersinia enterocolitica
0:3, Listeria monocytogenes 0:4 and thermophilic Campylobacter spp. in

slaughter pigs and carcasses in Trinidad. Fd. Microbiol. 12: 99 — 107

AOQA f/l9/9b Official Methods of Analysis. Fifteenth edition. Association of
official Analytical Chemists, Washington, D.C., p. 587

Autio, T.~Sateri, T., Fredriksson-Ahomaa, M.Rahkio, M., Lunden, J. and
/Korkea‘la, H. 2000. Listeria monocytogenes contamination pattern in pig
slaughter houses. J. Fd. Prot. 63: 1438 — 1442

Bachm{V.N. 1985. Studies on hygienic standards of fresh and frozen meats.

Indian J. Publ. Hith. 29:3 -7

Baeky” S., Lim, S., Lee, D., Min, K. and. Kim, _C. 2000. Incidence and
characterisation of Listeria monocytogenes from domestic and imported
foods in Korea. J. Fd. Prot. 63: 186 — 189

Baueée, R., Kapoor, K.N., Agarwal, RK. and Ghatak, S. 2001. Verotoxin—
producing Escherichia coli (VTEC) in foods of animal origin. J. Fd. Sci.
Technol. 38: 82 — 84,

?Kw, C.L and Feltham, R.K.A. 1993. Cowan and Steel’s Mannual for the

Identification of Medical Bacteria. Third edition. Cambridge University
Press, London, p. 331

*Berends, B.R., Knapen, F.V., Mossel, D.A.A., Burt, S.A. and Snijders, J.M.A.
1998. Salmonella spp. on pork cutting plants and at the retail level and the
/ influence of particular risk factors. Int. J: Fd. Microbiol. 44: 207 — 217

*Berends, B.R., Knapen, F.V., Snijders, JM.A. and Mossel, D.A.A. 1997.
Identification and quantification of risk factors regarding Salmonella spp. on

pork carcasses. Int. J. Fd. Microbiol. 36: 199 — 206



76

Bergdoll, M.S. -1990. Staphylococcal food poisoning. Food borne diseases. (ed.
Cliver, D.O.). Academic Press, Inc., London, pp.85-106

Bhattacharya, D.K., Sarma, D.K., Borah, P. and Boro, B.R. 1991. Salmonella in
/ slaughtered pigs : Isolation and drug sensitivity. Judian J. Anim. Sci. 61:
708 — 709 '

Bolton, D.J., Pearce, R.A., Sheridan, J.J., Blair, 1..S. McDowell, D.A. and
Harrington, D, 2002. Washing and chilling as critical control points in pork
slaughter hazard analysis and critical control points (HACCP) systems J.
appl. Microbiol. 92: 893 — 902.

Borah, P., Patgiri, G.P. and Boro, B.R. 1988a. Enterotoxic activity of Escherichia
¢ coli isolated from pork. Indian J. Anim. Sci. 58: 581 - 583

Borah,\,P(,'Patgiri, G.P. and Boro, ’B.R. 1988b. Serotypes and drug sensitivity of
Escherichia coli isolated from pork. Indian J. comp. Microbiol. Immunol.

Infect. Dis. 9:39 — 42

Borélh:'P., Patgiri, G.P. and Boro, B.R. 1992. Bacteriological quality of market pork
in Guwabhati city. Indian Vet. J. 69: 773 - 775

*B()uvet, J., Bavai, C., Rossel, R., Roux, A.L.E., Montet, M.P., Ray - Gueniot, S.,
Mazuy, C., Arquilliere, C. and Vernozy-Rozand, C. 2001. Prevalence of
verotoxin producing Escherichia coli and Escherichia coli O157:H7 in pig
carcasses from three French slaughter houses. Int. J. Fd. Microbiol. 71:
249 - 255

*Bouyr t, J., Bavai, C., Rossel, R., Roux, A.L.E., Montet, M.P., Ray — Gueniot, S.,
Mazuy, C., Arquilliere, C. and Vernozy-Rozand, C. 2002a.Effect of cutting
process on pork meat contamination by verotoxiﬁ-producing Escherichia
coli (VTEC) and E. coli O157:H7. 77: 91-97



77

*Bouvet, J., Montet, M.P., Rossel, R., Roux, A.L.E., Bavai, C,, Ray—Gueniot, S.,
Mazuy, C., Atrache, V. and Vernozy — Rozand, C. 2002b. Effects of
slaughter processes on pig carcass contamination by verotoxin -~ producing
Escherichia coli and Escherichia coli 0157 : H7. Int. J. Fd. Microbiol. 77
99 - 108

Bouvet, J., Montet, M.P., Rossel, R., Roux, A.Le., Bavai, C., Ray—Gueniot, S,
Mazuy, C., Atrache, V. and Vernozy-Rozand, C. 2002c. Prevalence of

/ verotoxin-producing Escherichia coli (VIEC) and E. coli O157:H7 in
French pork. J. appl. Microbiol. 93: 7 14

Brooks, H.J.L., Mollison, B.D., Bettelheim, K.A., Matejka, K., Paterson, K. A, and

’ Ward, V.K. 2001. Occurrence and- virulence factors of non-O157

Shigatoxin-producing Escherichia coli in retail meat in Dunedin, New
Zealand. Lett. appl. Microbiol. 32: 118 — 122

Brown, M.H. and Baird-Parker, A.C. 1982. The microbiological examination of
/" meat. Meat Microbiology (ed. Brown, M.H.). Applied Science Publishers,
England, pp.423-520

Buncic; S. 1991. The incidence of Listeria monocytogenes in slaughtered animals,
in meat and in meat products in Yugoslavia. Int. J. Fd. Microbiol. 12:
173 - 180

CaprioliyA., Nigrelli, A., Gatti, R. and Zavanella, M. 1993. Isolation of verotoxin -

producing Escherichia coli from slanghtered pigs. Eur. J. Clin. Microbiol.
12:227 - 228

Carl, K.E. 1975. Oregon’s experience with microbiological standards for meat. J.
Milk and Fd. Technol. 38: 483-486

Caér, M.A., Thompson, L.D., Miller, M.F., Ramsey, C.B. and Kaster, C.S. 1998.
Chilling and trimming effects on the microbial populations of pork
carcasses. J. Fd. Prot. 61: 487 — 489



78

Castelo, M.M., Kang, D., Siragusa, G.R., Koohmaraie, M. and Berry, E.D. 2001a.
Evaluation of combination treatment processes for the microbial

decontamination of pork trim. J. Fd. Prot. 64: 335 — 342

Castelo, M.M., Koohmaraie and Berry, E.D. 2001b. Microbial and quality attributes
- -~
/ of ground pork prepared from commercial pork trim treated with

combination intervention processes. J. Fd. Prot. 64: 1981 — 1987

Chasseignaux, E., Toquin, M.T., Ragimbeau, C., Salvat, G., Collin, P. and Ermel,
G. 2001. Molecular epidemiology of Listeria monocytogenes isolates
collected from the environment, raw meat and raw products in two poultry

and pork — processing plants. J. appl. Microbiology. 91: 888 — 899

*Condedara, G., Caprioli, A., Zuin, A., Biasi, G. De., and Cancellotti, F.M. 1992.
_Escherichia coli producers of verocytotoxins : Studies on meat products.
[ Arhiv. Vet. Ital. 43: 245 — 252

Das(_“;gptf,‘P. and Chandrachoudhury, S.P. 1975. Coagulase positive Staphylococci
from slaughterhouse meat at Calcutta. Indian J. Microbiol. 15: 62 — 63

Desai, B. and Kamat, M.Y. 1998. Recovery and characterization of enterotoxigenic

strains of Staphylococci and microbiological quality of processed Indian
foods. J. Fd. Sci. Technol. 35: 461 ~ 464

-

D?- le, ML.P. and Schoeni, J.L.. 1987. Isolation of Escherichia coli 0157 : H 7 from
retail fresh meats and poultry. Appl. environ. Microbiol. 53: 2394 — 2396

*Duffy, E.A., Belk, K.E., Safos, J.N., Bellinger, G.R., Pape, A. and Smith, G.C.
2001. Extent of microbial contamination in United States pork retail
products. J. Fd. Prot. 64: 172 - 178

s

Dufty, G., Cloak, O.M., O’Sullivan, M.G., Guillet, A., Sheridan, J.J., Blair, L.S. and
McDowell, D.A. 1999. The incidence and antibiotic resistance profiles of

Salmonella spp. on Irish retail meat products. Fd. Microbiol. 16; 623 — 631



79

Edwards, P.R. and Ewing, W.H. 1972. Identification of Enterobacteriaceae. Third
edition. Burgess Publishing Company, Georgia, p. 362.

Eisel, W.G,, Linton, R.H. and Muriana, P.M. 1997. A survey of microbial levels for
/ incoming raw beef, environmental sources and ground beef in a red meat
processing plant. Fd. Microbiol. 14: 273 - 282

Erdmz}nnfl J., Dickson, J. and Grant, M.A. 2002. A new technique for Escherichia
coli testing of beef and pork carcasses. J. Fd. Prot. 65: 192 — 195.

Escarti;l, E.F. Lozano, J.S., Rodriguez, O., Gonzales, N.M. and Torres, J.A. 1995.
Incidence and level of Salmonella serovars in raw pork obtained from
Mexican butcher shops. Fd. Microbiol. 12: 435 — 439

Evanicl{:), G.M., Sveum, W.H. Moberg, L.J. and Frank, J.F. 2001. Microbiological
{ monitoring of the food processing environment. Compendium of Methods
/ Jor the Microbiological Examination of Foods. (eds. Downes, F.P. and Ito,
K.). Fourth edition. American Public Health Association, Washington,

pp-25-35

Far}er,/J.M. 1993. Current research on Listeria monocytogenes in foods:An
overview. J. Fd. Prot. 56: 640-643

*Fehll}ab’é, K., Krueger, A., Schnabel, M. and Krutsch, HW. 1996. Studies into
the occurrence of Salmonella found in slaughter pigs declared fit for human

consumption. Fleischwirtschaft. 76: 1167 — 1169

s

; C.0. 2000. HACCP in primary processing: red meat. HACCP in the Meat
Industry. (ed. Brown, M.H.). Woodhead Publishing, Cambridge, pp. 81-122

Gill,C.O. ’and Badoni, M. 2001. The microbiological effects of trimming sticking
wéunds in pasteurised pig carcasses. Can. Vet. J. 42: 297 — 299

Gill/ C.O. and Bryant, J. 1993. The presence of Escherichia coli, Salmonella and

Campylobacter in pig carcass dehairing equipment. Fd. Microbiol. 10:
337 - 344



80

Gill, C.Oénd Jones, T. 1995. The presence of Aeromonas, Listeria and Yersinia in
carcass processing equipment at two pig slaughtering plants. Fd. Microbiol.
12: 135-141

Gill, C.O: and Jones, T. 1997a. Assessment of the hygienic characteristics of a

process for dressing pasteurised pig carcasses. Fd. Microbiol. 14: 81 - 91

Gill, C.O. and Jones, T. 1997b. Assessment of hygienic performances of an air —
/ cooling process for lamb carcasses and a spray codling process for pig
carcasses. Int. J. Fd. Microbiol. 38: 85 — 93

Gill, (;.,O. and Jones, T. 1998a. Comparison of methods for sampling and
e eenumerating Escherichia coli on pig carcasses. Fd. Microbiol. 15: 617 — 623

Gill, C.O..and Jones, T. 1998b. Control of the contamination of pig carcasses by
A‘scherichz‘a coli from their months. Int. J. Fd. Microbiol. 44: 43 — 48

Gill, C.O. and Jones, T. 2000. Microbiological sampling of carcasses by excision or
swabbing. J. Fd. Prot. 63: 167 — 173 |

Gill, C.0., Badoni, M. and McGinnis, J.C. 2001. Microbiological sampling of meat
clits and manufacturing beef by excision or swabbing. J. Fd. Prot. 64:
325-334

Gill, C.0O,, Baker, L.P. and Jones, T. 1999. Identification of inadequately cleaned

equipment used in a sheep carcass-breaking process. J. Fd. Prot. 62:
637-643

Gill, C.O;-,.-Bedard, D. and Jones, T. 1997. The decontamination performance of a

@mmercial apparatus for pasteurising polished pig carcasses. Fd.
Microbiol. 14: 71 - 79 '

Gill, cC.0, Dussault, F., Holley, R.A., Houde, A., Jones, T., Rheault, N., Rosales,

/ 1/\ and Quessy, S. 2000a. Evaluation of hygienic performances of the

processes for cleaning, dressing and cooling pig carcasses at eight packing
plants. Int. J. Fd. Microbiol. 58: 65— 72



&1

Gill, C.0O., Jones, T. Badoni, M. 1998. The effects of hot water pasteurizing
Aafments on the microbiological conditions and appearanf:es of pig and
sheep carcasses. Fd. Res. Int. 31: 273 — 278

Gill, C:©., Jones, T., Bryant, J. and Brereton, D.A. 2000b. The microbiological
conditions of the carcasses of six species after dressing at a small abattoir.
Fd. Microbiol. 17: 233 —239

Gill, €.0., McGinnis, D.S., Bryant, J. and Chabot, B. 1995. Decontamination of
commercial, polished pig carcasses with hot water. Fd Microbiol. 12:
143 — 149

Giovanngcci, I., Queguner, S., Ragimbeau, C., Salvat, G., Vendeuvre, J.L., Carlier,
V. and Ermel, G. 2001. Tracing of Salmonella spp. in two pork slaughter
and cutting plants using serotyping and macrorestriction genotyping. J. appl.
Microbiol. 90: 131 — 147

Gra?y,/l./, Collins, D.S. and Huey, R. Meat Hygiene 1999. Tenth edition. W.B.
Saunders Company, London, p. 758

Gupta, PK. and Chauhan, G.S. 1986. Bacteﬁological quality of fresh pork and
processed pork products. National symposium on production and processing
of meat and poultry products, 17 ~ 18 January 1986. CFTRIL. Mysore pp.
95-96

Gupta, P(Ki, Chauhan, G.S. and Bains, G.S. 1987. Bacteriological quality of fresh
/pork collected from different abattoirs and retail shops. J. Fd. Sci. Technol.
24:270-272

Hansson,/ IB. 2001. Microbiological quality in high and low capacity
/" slayghterhouses in Sweden. J. Fd. Prot. 64: 820 — 825

Heuvelink, A.E., Wernars, K. and Boer, E.de. 1996. Occurrence of Escherichia coli
0157 and other verocytotoxin-producing Escherichia coli in retail raw

meats in the Nether lands. J, Fd. Prot. 59: 1267 - 1272



82

‘He-uvelink, AE., Zwartkruis — Nahuis, J.T.M., Beumer, R.R. and Boer, E.de.
1999a. Occurrence and survival of verocytotoxin-producing Escherichia
coli 0157 in meats obtained from retail outlets in the Netherlands, J. Fd.
Prot. 62: 1115 - 1122 '

Heuvelink, A.E., Zwartkruis — Nahuis, J.T.M., Biggelaar, F L. AM.V., Leeuwen,
¢ 1.V. and Boer, E.de. 1999b. Isolation and characterization of verocytotoxin

— producing Escherichia coli 0157 from slaughter pigs and poultry. Int. J.
Fd Microbiol. 52: 67 - 75

v : '
*Hua,/W.G. and Ling, Q.X. 1994. The incidence of Clostridium perfringes,
Staphylococcus aureus, Salmonella and Listeria monocytogenes in retail

meat and meat products in Beijing. Fleischwirtschaft. 74: 326 — 328

Indian” Standards 1978. 1S:1622-1964. Methods of sampling and test for
microbiological examination of water used in industry. Indian Standards

Institution. Manak Bhavan, 9, Bhadur Shah Zafar Marg, New Delhi -1

Indian Séndards. 1980. SP:18. Handbook of Food Analysis. Part 1. General

(/ Methods. Indian Standards Institution. Manak Bhavan, 9, Bhadur Shah
Zafar Marg, New Delhi — 1

*Isydi,/ B.K., Mathieu, A.M., Devriese, L.A.,, Godard, C. and Hoof. J.V.

1992.Enterotoxin production in different Staphylococcus aureus biotypes

isolated from food and meat plants. J. appl. Microbiol. 72: 16 —20

Jay, /Jﬁ 1996. Modern Food Microbiology. Fifth edition. International Thomson
Publishing, New York, p. 661

Jay, }M./ 1978. Modern Food Microbiology. Second edition. D. Van Nostrand
Company, New York, p. 479

Kalimuddin, M. and Choudhary, S.P. 1999. Sources of contamination of pork and
pork products with Sa/monella in a pork processing plant. Indian J. comp.

Microbiol. Immunol. infect. Dis. 20: 47 - 49



LR

Kanugay .L-i,/é.R., Wesley, LV., Reddy, P.G., Mckean, J. and Hurd, H.S. 2002.
Actcction of Listeria monocytogenes in pigs and pork. J. Fd. Prot. 65:
1470 — 1474

Karr, K.J., Boﬂc. E AL, Kastner, C.L., Marsden, J.L., Phebus, R.K., Prasai, R.K,,
ﬁcll. W.P. Jr, and GarciaZepeda, C.M. 1996. Standardiscd microbiological

sumpling and (esting procedure for the beef industry. J. Fd. Prot. §9:
778-780

KnudisonyL.M. and Hartman, P.A. 1993, Enterococci in pork processing. J. Fd.
rot. 56: 6 ~9,17

Ktmyu‘,/G.C. and Joshi, D.V. 2000. Comparitive effectiveness of enrichment
broths for the recovery of Salmonella from naturally contaminated raw

_ meats. Indian J. comp. Microbiol. Immunol. infect. Dis. 21: 31 - 34

Kornacki,~ J.L.. and Johnson, J.L. 2001. Enterobacteriaceae, coliforms, and
(Elscherichia coli as quality and safety indicators. Compendium of Methods
Jor the Microbiological Examination of Foods. (eds. Downes, F.P. and
Ito, K.). Fourth edition. American Public Health Association, Washington,

' pp. 69-82

e
Ko>ak,/N., Daube, G., Ghafir, Y., Chahed, A., Jolly, S. and Vindevogel, H. 1998. -
An cfTicient sampling technique used to detect four food borne pathogens on

pork and beef carcasses in nine Belgian abattoirs. J. Fd. Prot. 61: 535 — 541

"‘Ko(r/sak,/ N., Jacob, B., Groven, B., Eticnne, G., China, B., Ghafir, Y. and Daube,
G. 2003. Salmonella contaminalion of pigs and pork in an integrated pig
production system. J. Fd. Prot. 66: 1126 — 1133

Kuri, V., Madden, R.H. and Collins, M.A. 1996. Hygienic qu.ality of raw pork and

Chorizo (raw pork sausage) on retail sale in Mexico city, J. Fd. Prot, 59:
141 - 145



Lancetie, G.A. and Bennett, R.W. 2001. Staphylococcus aureus and Staphylococcal
enterotoxins. Compandium of Methods for the Microbiological Examination
;;f Foods. (eds. Downes, F.P. and Ito, K.). Fourth edition. Amencan Public
Health Association, Washington, pp. 387-403 »

Laubach, C., Rathgeber, J., Oser, A. and Palumbo, S. 1998. Microbiology of swine

head meat deboning process. J. Fd. Prot. 61: 249 — 252

Lazaro, N.S., Tibana, A. and Hofer, E. 1997. Salmonella spp. in healthy swine and
in abattoir environments in Brazil. J. Fd. Prot. 60: 1029 — 1033

*Leung,~P.HM., Yam, W.C. and NG. W.WS. 2001. Prevalence and
/ characterization of verotoxin producing Escherichia coli isolated from cattie

and pigs in an abattoir in Hongkong. Epidemiol. Infect. 126: 173 ~ 179

Loncareyic, S., Danielsson—~Tham, M.L., Martensson, L., Ringner, A., Runchagen,
A. and Tham, W. 1997. A case of foodborne listeriosis in Sweden. Lerr.

appl. Microbiol. 24: 65 - 68

//

*Loncdrevic, S., Milanovic, A., Caklovica, F., Tham, W. and Daniellsson — Tham,
M.L. 1994. Occurrence of Listeria species 1h an abattoir for cattle and pigs

in Bosnia and Hercegovinia. 4cra. Ver. Scand. 35: 11 - 15

*Ludewig, M., Proehl, J. .and Fehlhaber, K. 2001. Prevalence of Salmonella in pork
_production chain in Saxony - investigation in the primary production.

Fleischwirctschaft. 81; 95 - 98

Mafiy;"A.A., Higgins, R., Nadeau, M. and Cousinean, G. 1989. The incidence of
Salmonella, Campylobacter and Yersinia enterocolitica in swine carcasses

and the slaughterhouse environment. J. Fd. Prot. 52: 642 — 645

e

Martirf, S.E. and Myers, ER. 1994. Staphylococcus aureus. Foodborne Disease
Handbook. Diseases Caused by Bacteria. (eds. Hui, Y.H., Gorham, J.R,,
Murrell, K.D. and Cliver, D.0.). Marcel Dekker, -Inc., New York, pp.

345-394



85

Miller, M.F:, Carr, M.A., Bawcom, D.B., Ramsey, C.B. and Thompson, L.D. 1997,
Microbiology of pork carcasses from pigs with differing origins and feed
withdrawal times. J. Fd. Prot. 60: 242 — 245

Morgah, LR., Krautil, F. and Craven, J.A. 1985. A comparison of swab and

aceration methods for bacterial sampling of pig carcasses. J. Hyg. Camb.
/;us: 383 - 390

Nair, K./K.S., Madhwaraj, M.S., Kadkol, S.B. and Baliga,‘ B.R. 1984,
( Bacteriological quality of pig carcasses. Indian J. Anim. Sci. 54: 547 — 548

*Nesbo?lekén, T., Nerbrink, E., Rotterud, O. and Borch, E. 1994, Reduction of
Yersinia enterocolitia and Listeria spp. on pig carcasses by enclosure of
rectum during slaughter. Int.J. Id. Microbiol, 23: 197 - 208

Nkanga, E.J. and Uraih, N. 1981. Prevalence of Staphylococcus aureus in meat
samples from traditional markets in Benin city, Nigeria and possible control
by use of condiments. J. Fid. Prot. 44: 4 — 8

Nordic,Committee on Food Analysis. 1968b, Determination of faecal streptococci
in foods (68). UDC. 576.851.21

Nordic/éonmliltce on Food Analysis. 1973. Determination of number of coliform
bacteria in foods (44) UDC.576.851.48

Paluqrrlmé.A., Klein, P., Capra, J., Eblen, S. and Miller, A.J. 1999. Comparison of
cxcision and swabbing sampling methods to determine the microbiological

quality of swine carcass surfaces. Fd. Microbiol, 16: 459 — 464

Pandtirangarao, C.C. 1977. Enterotoxigenic Staphylococci in raw meats. J. Fd. Sci.
Technol. 14: 224 - 225 "

Paturlwr/»&d., Sherikar, A.A. and Jayarao, B.M. 1992, Prevalence of Salmonellu
in meats and sca foods of Bombay city. J. Fd. Sci. Technol. 29; 242 — 243

P



86

Pavia, M., Nobile, C.G.A., Salpietro, L. and Angelitto, I.F. 2000. Vancomycin

fesistance and antibiotic susceptibility of Enterococci in raw meat. J. Id,
Prot. 63: 912 -915

e . .
“‘Pccciy/mnio, T., Korkeala, [1., Rosmini, R. and Trevisani, M, 2003. Listeria

nonocytogenes occurrence and characterization in meat producing plants.
Lew. appl. Microbiol, 37: 234 . .

Prasad, M«~ Choudhary, S.P., Prasad, C.B. and Prasad, NN 1979. Pathogenic
staphylococei in pork and pork -- producis. J. Vei. Sl Anim. Husb. 11
25-27

contamination level of pork carcasses during the slaughtering process. Meat
Sci. 32: 173 -183

Ruhkio%/ and Korkeala, H. 1992, Effect of pre-scalding brushing on

Rahkio, M. and Korkeala, H. 1997. Airborne bacteria and carcass contamination in

slaughterhouses. J. Fd. Prot. 60: 38 - 42

Rajvaidya,-N. and Markandey, D. 1992. Advances in Environmental Science and

Technology, Water Characteristics and Properties. APH Publishing
Corporation, New Delhi, p. 372

Rangaswamy, R. 1995. A Textbook of Agricultural Statistics. New Age
/Intemational Publishers, New Delhi, p. 495 '

Rao,P.N./ and Ramesh, B.S. 1992, The microbiology of sheep carcasses processed
in a modern Indian abattoir. Meat Sci. 32: 425 - 436

Rao, D ., Nair, K.K.S. and Sakhare, P.Z. 1998. Meat microbiology and spoilage in
tropical countries. The Microbiology of Meat and Poultry. (eds. Davies, A.
and Board, R.) Blackic Academic and Professional, London, pp. 220-265

Rheau t,/ N. and Quesscy, S. 1999. Monitoring of microbial contamination of stick

wounds in swine carcasses. Can. Vet J. 40: 261 —3264d



87

it

Rho, M., Chung, M,, Lee, J. and Park, J. 2001. Monitoring of microbial hazards at

/ farms, slaughterhousces and processing lines of swine in Korea. J. Fd. Prot.
1388 - 1391

Rivas, T., Vizeaino, J.A. and Herrera, IF.J. 2000. Microbial contamination of

carcasscs and equipment [rom an Iberian pig slaughterhouse. J. Fd. Prot.
/ 63: 1670 — 1675

Saide-Albornorz, J.J., Knipe, C.L., Murano, E.A. and Beran, G.A, 1995,
—
Contamination of pork carcasses during slaughter, fabrication and chilled
storage. .J. Itd, Prot. 58: 993 - 997

Salm, C.P,, Ray, F.K., Aberie, E.D., Okos, M.R. and Judge, M.D. 1978. Yield
characteristics, microbial load and chilling rates of skinned pork carcasses.
J. Fd. Sci. 43: 1144 — 1146

Samadpour,-M., Ongerth, J.E., Jiston, J., Tran, N., Nguyen, D., Whittam, T.S.,
Wilson, R.A. and Tarr, P.I. 1994, Occurrence of Shiga — like toxin —
producing Escherichia coli in retail fresh seafood, beef, lamb, pork and

poultry from grocery stores in sealftle, Washingion. Appl.  environ.
Microbiol. 60: 1038 - 1040

Samelis, J.-and Metaxopoulos, S. 1999. Incidence and principal sources of Listeria
spp. and Listeria monocytogenes contamination in processed meats and a
meat processing plant. /7d. Microbiol. 16: 465 — 477

“‘Sch;a'ft, H., Kleinlein, N. and Untermann, F, 1992, Contamination of pig hind
quarters with Staphylococcus aureus. Int, J. Fd. Microbiol. 15:.191 = 194

Scriven and Singh 1986. Comparison of microbial populatjons, of retail beef and
/p’brlc. Meat Sci. 18: 173 — 180

Sharma, D.K., Singh, N. and Joshi, D.V. 1995. Escherichia coli in milk, meat and
meat products:Isolation, characterization, antibiogram and zoonotic
significance. J. Fd. Sci. Technol, 32: 409 — 412



88

Sharpe,~AN., Kingombe, C., Watney, P., Parrington, L.J., Dudas, 1. and Diotte,
M.P. 1996. Efficient nondestructive sampler for carcasses and other
surfaces. J. Fd. Prot. 59: 757 - 763

) e w et

*Shimigzr; A Ozaki, 1., Kawano, J. and Kimura, S. 1991. Isolation and
characterization of Stapliviococcus aureus from rvaw fish and meat,
Japancse. J. Fd. Microbiol, 8: 135 - 141

"‘Slnon/M./. Tarrago, C. and Ferrer, M.D. 1992. Incidence of Listeria
/monocytogenes in fresh foods in Barcelona (Spain). Int. J. Fd. M:crobzol
16: 153 - 156

T

*Sinell, H7J., Pietzscho, O., Klingbeil, H. and Benner, M, 1990. Estimation of most
probable number of Salmonella in retail samples of minced pork. /nt. J. Fd.
Microbiol, 11: 135 - 141

Smith, H{R./and Cheasty, T. 1998. Diarrhoeal diseases due to Escherichia coli and
Aeromonas. Topley and Wilson's Microbiology and Microbial Infections. 2.
Systemafic Bacteriology. - (eds. Balows, A. and Duerden, B.l.). Oxford
University Pres, New York, pp. 513-529

*§6n, L.M. 2002, Staphylococeus aureus 'in pork in Red river right bank region :

Isolation, toxin identifcation and virulence. Vet. Sci. Tech. 9: 24 — 28

Soridno, J.M,, Rico, H., Molto, J.C. and Manes, J. 2001. Incidence of microbial

flora in /lcllucc,' meat and Spanish potato omelette from restaurants, Fd.
Migrébiol. 18: 159 - 163

Suthienkul, O., Brown, J.E., Seriwatana, J., Thenthongdee, S., Sastravaha, S. apd
Echeverria, P. 1990. Shiga-like-toxin-producing Escherichia coli in retail

meats and cattle in Thailand. Appl. environ. Microbiol, 56: 1135 - 1139



89

*Swanenburg, M., Urlings, H.A.P., Snijders, J.M.A,, Kcuzcnkzimp; K.A. and
_Kn‘zﬁ)/en, F. 2001a. Salmonella in slaughter pigs : prevalence, setoypes and

critical control points during slaughter in two slaughter houses, /nt. J. Fd.,
Microbiol. 70: 243 — 254 '

*Swanenburg, M., Woll, PJ., Urlings, H.A.P,, Snijders, J.M.A, and Knapen, F.
2,00'1/6./ Salmonella in slaughter pigs : the ecffect of logistic slaughter
procedures of pigs on the prevalence ol Salmonella in pork. Int. J. Id.
Microbiol. 70: 231 — 242

Swanson, K.M.J,, Pectran, R.L. and Hanlin, J.H., 2001, Cutlure methods for
eriumeration ol microorganisms.  Compendium  of Methods for the
Microbiological examination of Foods. (eds. Downcs, F.P. and Ito, K.).
Fourth cdition. Amecrican Public Health Association, Washington, pp.
53-67

*Szazadds, 1. and Szazados, M. 1999. Occurrence and changes of significance of

Salmonella spp. in Hungarian slaughter pigs. Fleischwirtschaft. 79:
118 - 123

e

e
""I‘akcshi&,},/l(., lida, T,, Takagi, H., Kurihara, S., Ogawa, J. and Tensho, T, 1995,
~Epidemiological studies of Listeria monocytogenes from dressed carcasses

at a slaughterhouse. J. Jap. Vet. med. Ass. 48: 131 - 135

Tamp’@.h, Feder, [., Palumbo, S.A., Oser, A., Yoder, L. and Luchansky, J.B.
2001. Salmonella spp. and Escherichia coli biotype ‘on"swine carcasses
processed under the hazard analysis and critical control point based

inspection models project. J. Fd. Prot. 64: 1305 — 1308

Tarwaté, B.F., Sherikar, A.T. and Murugkar, H.V. 1993. Microbiological analysis

of environmental sources of contamination in Deonar abattoir, J. Fd. Sci.
‘Technol. 30: 127-129

The_Tood Act Government of Mauritius. 1998, Microbiological standards for
specified food. Eighth schedule. Regulation 62(2)(b)



90

Thorberg; B.M. and Engvall, A. 2001, Incidence of Salmonella in five Swedish
slaughterhouses. J. Fd. Prot. 64: 542 — 545

Vanderzant, C. and Nickelson, R. 1969. A microbiological examination of muscle

tissuc of beef, pork and lamb carcasses. J. Milk. Fd. Technol. 32: 357 - 361

Vorster, SM7, Grecbe, R.P. and Nortje, G.L. 1994. Incidence of Staphylococcus
aureus and Escherichia coli in ground beet, broilers and processed meats in
Pretorin, South Africa, J, #d. Prot. 87: 305 - 310

Wang, G..,/Yﬁ, K., Feng, X., Chen, S., Lui, A. and Kokubo, Y. 1992, Isolation and
identification of Listeria monocytogenes from retail meats in Beijing. J. Fd.
Prot. 55: 56 - 58

Wa}kur%., Sherikar, A.T., Murugkar, H.V. and Paturkar, AM., 1998.
Microbiological profile of raw, semi-processed pork products and
ingredients used in manufacture of processed pork products. Indian J. comp.
Microbiol. Immunol. infect. Dis. 19: 118 — 120

*W%}AC., Madsen,M., Niclsen, N. and Aarestrup, F.M. 1997, Isolation of

vancomycin resistant  Enterococcus  faecium  from food. Imt, J. Fd.
Microbiol. 35. 57 — 66

Wopd, ., Chao, W. and Lecc, S. 1990, Incidence and characterization of Listeria

monocytogenes in foods available in Taiwan. Appl. environ. Microbiol. 56:
3101 3104 '

Yadava, R., Prasad, M. and Narayan, K.G. 1988. Dynamics ol contamination of

pork with Salmonclla in a pork processing plant. Indian J. Anim. Sci. 58:
663,~ 665

Yu,/S{L., Bolton, D., Laubach, C., Kline, P.,, Oser, A. and Palumbo, S.A. 1999,
Effect of dchairing operations on microbiological quality of Swine
carcasses. J. IFd. Prot. 62: 1478 - 1481



91

Yu, S.L.€80ke, P.H. and Tu, S.I. 2001. Effects of chilling on sampling of bacteria
allached to swinc carcasscs. Lett. appl. Microbiol, 32: 205 -210

Yu, S.L., Prasai, R.K. and Fung, D.Y.C. 1995.-Most probable numbers of Listeria
pecics in raw mceats detected by sclective motility enrichment. J. Fd. Prot.
58: 943 - 945

*Zhiliang, Z,Yuan, H.S., Guang, Z.M., Hao, Z., Weibin, S., Tang, Z.R., Liya, W.,
i, W. and Yun, L. 2000. Isolation of verotoxin—producing Escherichiua coli
O157:H 7 from beel and pork in Changchun. Chinese J. Vet. Sci. 20:
152 - 155

* QOriginals not consulted

122852



EVALUATION OF BACTERIOLOGICAL
QUALITY OF PORK CARCASSES IN
A PROCESSING PLANT

SHINY JOHN

‘Abstract of the thesis submitted in partial fulfilment of the
requirement for the degree of

Master of Veterinary Science

Faculty of Veterinary and Animal Sciences
Kerala Agricultural University, Thrissur

2003

Department of Veterinary Public Health
COLLEGE OF VETERINARY AND ANIMAL SCIENCES

MANNUTHY, THRISSUR -~ 680 651
KERALA, INDIA



' ABSTRACT

During the present study, 25 pork carcasscs werc rando'mly.selected from the
dressing linc of a pork processing plant, in order to cvaluate the hygicnic status of the
carcasses produced in the' plant, From cach carcass, afler evisccration and also after
final washing, 500 cm? arca was swabbed, which consisted of 100 cm? cach from jowl,
shoulder, bacon, loin and ham arcas. Samplcs collected, afler evisceration were pooled
into 500 ml diluent, ;,vhich formed the initial test samples. Similarly, the initial test
sample was also preparcd with the samples collected from the finally washed carcasses.
This sample was tested to evaluate the bacterial quality of carcasses by cstimating total
viable count, coliforms count, LEscherichia coli count and faecal streptococcal count.
The sample was also used for the isolation and identification Escherichia coli,
Staphylococcus  aureus, Salmonella and  Listeria monoéﬂogenes. Samples from
cnvironment, processing cquipment, hand wash of personnel, scalding tank water and
HDPE pouches were also tested to estimate the bacterial load. Analysis of variance test
revealed significant (P<0.05) difference between the mean total .viable count of the
cviscerated and finally washed carcasscs. The mecan count m the former and latter
groups ol carcasses was 5.14 :: 0.16 and 5.31 & ().l()..,logm.,cf_'u/cmz, respectively. In
64,20 and 16 per cent of the eviscerated carcasses the count'was at levels 105, 10% and
107 cfu/em?, respectively, In the latter group of carcasses, cight, 56, 32 and four per

cent had the count at the level of "l“()", 10°, 10 and 10® cfu/cm?, respectively.

The mean coliforms count of cviscerated carcasses was 1.89 + 0.17 logg
cfu/em? and the count in the finally washed carcasscs was 1.99 =+ 0.23 fogio cfu/cm?.
Fight and 24 per cent of samples belonging (o both groups had the count at the level of
10? clu/em?. The count in 52 and 24 per cent of eviscerated and finally washed carcass

samples was at the level of 10 clu/em?,

Eviscerated carcasses had a mean FEscherichia coli count of 1.19 & 0.08 'Iogw
clu/em? and the count in (inally washed carcasses was 1.29 4 0.12 log,y clu/cm?. The
organism was not deteeted in 80 and 84 per cent of eviscerated and finally washed
carcasses, respectively, ‘The count in 16 and four per cent ol the former group of
carcasses was at levels 107 and 10" cfu/em?, respectively. In cight per cent cach of

ftnally washed carcasses, the count was at the level of 10? and 10" clu/cm?.



The cviscerated and [inally washed carcasses had a mean faecal streptococcal
count of 3.19 % 0.20 and 3.28 + 0.20 log,o cfu/cm?, respectively. The count on 12 per
cent of carcasses in cach of the above groups, did not reveal the organism. However, in
~both the groups of carcasses, 20 per cent of samples cach had the count at 10° cfu/ecm?,
The count in 52 per cent of the eviscerated and 60 per cent of the f{inally washed
carcasses was al the level of 107 cfu/em?®. The count at the level of 10" clu/em? was
observed in 16 per cent of the eviscerated and cight per cent of the [inally washed

Carcasscs.

Analysis of the data revealed positive and significant (P<0.05) association
‘belween CC and ECC in eviscerated and finally washed carcasscs. However, a negative
but signilicant (P<0.05) correlation was observed belween TVC and CC and TVC and

LECC in the finally washed carcasses.

Escherichia coli was isolated from 20 per cent of eviscerated carcasses and 16
~ per cent of finally washed carcasses. Out of 18 isolates recovered from both the groups,
15 fell into 12 serotypes and three were untypable. The serotypes include OS5, O8, Ol1,
025, 060, 064, 078, 088, 0101, 0119, 0123 and O140.

Staphylococcus aureus was isolated from eight and 24 per cent of samples

belonging to eviscerated and [inally washed carcasscs, respectively.

None of the carcass samples in both the groups revealed the presence of

Salmonella and Listeria monocytogenes.

Air samples at the cvisceration arca had the highest bacterial count and the
lowest was observed at the chilling room. Pond water samples had the highest mean
total viable count and coliforms population was seen highest in’scalding tank water.
Escherichia coli count was highest in hand washing of personnel. None of the pond and
tank water samples revealed presence of the organism. Samples collected from the bell
scraper had the highest mean total viable count and least in packaging material.
Samples obtained from carcass splitter had the highest coliforms count. None of the
processing cquipments revealed the presence of Escherichia coli. Cutting board

samples showed the highest faccal streptococcal count.



