
J. Hyg., Camb. (1985), 95, 383-390 3 8 3
Printed in Great Britain

A comparison of swab and maceration methods for bacterial
sampling of pig carcasses

BY I. R. MORGAN, F. KRAUTIL AND J. A. CRAVEN
Attwood Veterinary Research Laboratory, Mickleham Road, Westmeadows,

Victoria, Australia 3047

{Received 28 May 1985; accepted 4 June 1985)

SUMMARY

A swabbing technique was compared with an excision and maceration technique
for bacteriological sampling of pig carcass skin surfaces. Total viable counts at
37 °C obtained by swabbing were 40% of those obtained by maceration. At 21 °C,
swabbing gave total viable counts which were 54% of the counts obtained from
excision samples. Escherichia coli counts showed wide variation with both
sampling methods. Neither method was more efficient than the other in recovering
E. coli, although excision sampling gave generally higher counts. Both methods
were equally effective at recovering salmonellac from carcass surfaces. There was
no significant difference between the methods in recovering particular Salmonella
serotypes.

INTRODUCTION

The methods used to collect microbial samples from carcasses should be simple,
non-destructive, reproducible and economical (Scholefield, Mcnon & Lam, 1981).
Excision of a section of the surface to be sampled gives the most reliable picture
of microbial contamination on meat surfaces (Ingram & Roberts, 1970), and is
used as a standard against which all other sampling techniques arc evaluated. This
technique is not, however, practical in a commercial environment when such
sampling may produce unsightly mutilation of carcasses. Other sampling methods
which involve scraping, swabbing, adhesion, as in the agar contact method, or
washing off arc only partially effective at recovering microbial populations from
carcass surfaces (Ingram & Roberts, 1970). For example, Ojala (1904) showed that
swabbing was only 10% effective, compared to excision, in recovering bacteria
from meat surfaces. In spite of this lack of sensitivity, swabbing is still the most
universally used method for the estimation of bacterial populations on meat and
other surfaces because it is simple and non-destructive. While there is an extensive
literature on the effectiveness of various sampling methods for recovery of bacteria
from red meat surfaces, there is only limited information available on their use
for microbial sampling of pig carcasses. The effectiveness of surface sampling
techniques depends on the surface to which they are applied (Nortje el al. 1982)
and it does not follow that results from red meat surfaces will be the same as results
from pig skin. The aim of this work was to determine whether swabbing could
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be used as a practical, non-destructive microbial sampling technique for examining
microbial contamination of pig carcasses during the slaughtering and dressing
process.

MATERIALS AND METHODS

Pieces of jowl skin, approximately 20 cm by 20 cm, were collected from pig
carcasses at two abattoirs. Abattoir A used tank scalding, while abbattoir B used
a steam chamber for scalding pig carcasses. Both abattoirs used beater-dohairers
of similar design, but abattoir B used two machines in tandem while the other
abattoir had a single machine. Both abattoirs carried out manual scraping and
singeing of carcasses to remove residual hair from carcasses. At each visit to the
abattoirs jowl skin pieces were collected from ten successive carcasses on the
slaughter line, prior to the final wash and trim section. Skin pieces were
transported on ice to the laboratory in individual sterilized containers.

Sampling of skin surface
On arrival at the laboratory the outer surface of each skin pieco was rubbed

on itself to give an even distribution of organisms over the whole surface, following
the method of Anderson el al. (1980). From each skin pieco a 20 cm2 sample was
cut out using a sterilized stainless steel punch. In addition, two 20 cm2 areas were
swabbed with sterile alginato swabs using the wet and dry swab technique of
Kitchell, Ingram & Hudson (1973). The areas swabbed were marked with a sterile
metal template. The swabs wcro collected into peptone water. The swabs used to
sample the 40 cm2 area and the skin sample were individually stomached in a
Colworth Stomacher (Seward, England) with 20 ml of 0*1 % peptone water as the
suspending medium.

Bacteriology
Total viable counts and Escherichia coli counts were performed on the samples.

The samples were also examined for the presence of salmonellae.

Total viable counts

Total viable counts (TVC) were determined by the agar droplet technique of
Sharpe & Kilsby (1971) using a Colworth droplette machine (Seward, England).
One decimal and one centimal dilution of the homogenate wcro prepared in 00 ml
and 9-9 ml volumes respectively, of Plate Count Agar (Oxoid) held at 45 °C. The
Colworth dilutcr/dispenser machine (Seward, England) was used to place five
0*1 ml droplets from each of the decimal and centimal dilutions on to a standard
Pctri dish. Two sets of plates were prepared from each sample, one sample was
incubated at 37 °C for one day and the other at 21 °C for two days. The plates
were incubated in a humid environment to prevent the droplets from drying out.
Colonies were enumerated using the projection viewer on the droplette machine.
Colonies were only counted when there were more than 20 per droplet and the
mean count for the five droplets was estimated.

E. coli counts
E. coli were counted by the direct plating technique of Anderson & Baird-Parker

(1975). A 4 h resuscitation step was included (Holbrook, Anderson & Baird-Parkcr,
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1980) to recover sublethally damaged E. coll. Cellulose acetate membranes, 85 mm
diameter, 450 nm pore size (Oxoid Ltd) were placed on pre-dried surfaces of
Minerals Modified Glutamate Agar (MMGA) (Oxoid). The membranes were gently
flattened on to the surface with a sterile glass spreader, and 0*5 ml of homogenate
was evenly spread on to the membrane and allowed to adsorb for 30 min. Plates
were incubated at 37 °C for 4 h. Membranes were then transferred aseptically from
the MMGA to pre-dried Tryptone Bile Agar plates (TBA) (Oxoid) and incubated
for 20 h at 44 °C. To detect indole-positive colonies the membrane was removed
from the TBA and immersed into 2 ml of indole reagent (Vracko & Sherris, 1963)
in a Petri dish lid for 5 min. After removal from the reagent the membranes were
then dried under a low-pressure ultraviolet lamp. The pink indole-positive colonies
were enumerated as E. coli.

Salmonella isolation
The remainder of the homogenate was added to an equal volume of double-

strength buffered peptone water with 2 % Tcrgitol (BDH) and incubated at 37 °C
for 18 h. One ml of the pro-enrichment sample was transferred into Mannitol
Sclenitc Broth (MS) (Oxoid) with 0-01 % L-cystine, and a further 1 ml was
transferred to Tetrathionate Broth (Tct) (Oxoid) with 1:100000 brilliant green.
In addition, 100/fl of the pro-enrichment sample was inoculated into 10 ml of
Rappaport-Vassiliadis broth (RV) (Vassiliadis et at. 1981). The MS broth was
incubated at 42 °C, the Tet broth at 37 °C and the RV broth at 43 °C. After 18-24 h
incubation each of the selective enrichment broths was plated on to Brilliant Green
Sulpha Agar (BGS) (Gibco), Xylose Lysine Deoxycholatc Agar (XLD) (Gibco) and
Bismuth Sulphite Agar (BS) (Gibco) plates. The BGS and XLD plates were
incubated for 24 h at 37 °C and BS plates for 48 h at 37 °C. After incubation plates
were examined and up to two suspect salmonella colonies were picked from each
plate and submitted to biochemical and serological identification procedures. The
identity of all salmonella isolates were confirmed at the Microbiology Diagnostic
Unit, University of Melbourne.

Data analysis
TVC and E. coli counts wero converted to logarithmic (to the base 10)

values/cm2 for statistical analysis including linear regression (Sokhal & Rohlf,
1909).

RESULTS
Thirty jowl skin pieces were collected from pigs at abattoir A on 3 visits and

50 jowl skin pieces from abattoir B over 5 visits. The results of the TVC and E.
coli counts arc presented in Table 1.

Total viable counts at 37 °C
There was no significant difference (P < 0*05) in the average bacterial levels on

jowls collected from the two abattoirs when measured by the swab or excision
method. There wero, however, significant differences between the counts measured
by the swab method compared with the excision method, with the latter being
significantly (P < 0*05) higher. Aggregated values from the two abattoirs showed
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a similar pattern. The geometric mean of the counts on the 80 jowls determined
by the swab method was 5333/cm2, whilst for the excision method the geometric
mean was 11480/cm2. The average count obtained by the swab method was 46 %
of the average count obtained by the excision method.

There was a significant correlation between the counts obtained by the swab
method and the excision method (r2 = 0*32; P < 001). The correlation between
the two methods is shown in Fig. 1 a together with the regression equation.

Total viable count at 21 °C
There was no significant difference in the average counts obtained from jowls

from the two abattoirs when measured by either the swab or excision method.
At abattoir B, but not at abattoir A, the counts obtained by the excision method
were significantly higher than those obtained by the swab method. Aggregation
of the counts from both abattoirs showed that overall the excision method gave
a significantly higher count than the swab method. The geometric mean count
was 9977/cm2 for the excision method, compared to 5572/cm2 for the swab
method. The swab method gave 50 % of the average count obtained by the excision
method.

There was a significant correlation between the counts obtained by the swab
method and those obtained by the excision method (r2 = 0'28, P<00l). The
correlation between the counts obtained by the two methods is shown in Fig. ib
together with the regression equation.

E. coli counts
There was no significant differences in the average counts obtained from jowls

collected from the two abattoirs by cither the swab or excision method. The
geometric mean count was 50/cm2 for the excision technique and 33/cm2 for the
swab technique.

There was a significant correlation between the counts obtained by the Hwab
method and those obtained by the excision method (r2 = 050, P<00i). The
correlation between the two methods is shown in Fig. lc, together with the
regression equation.

Salmonella isolations
Salmonella were isolated from 35 of the 80 jowls, an isolation rate of 43*75 %.

The swab technique failed to detect salmoncllas on four occasions when salmonellas
were isolated from a jowl. The excision technique failed to detect salmonellas on
nine occasions. McNcmar 'H test for correlated proportions shows that the difference
in the proportion of salmoncllas isolated by the two methods is not significant
ft1 =1-02).

Forty-six strains of salmoncllas representing six serotypes were isolated from
the 35 jowls. The frequency of serotypc isolation was S. give (17/40, 37%), S.
analum (13/40,28%), S. derby (0/40, 13%), S. lyphimurium phage type 120 (0/04,
13%), S. ohio (3/40, 7%) and S. hjphimurium phagc type 4 (1/40, 2%).
There was no significant difference in the isolation rate of particular serotypes by
the two methods.
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Fig. 1. Correlation between excision and swab techniques for estimating total viable
counts and E. coli numbers on pig skin, (a) 37 °C TVC; (6) 21 °C TVC; (c) E. coli counts.
•if, Salmonella; # , non-salmonella.

Bacterial counts from salmonella-contaminated jowls were compared with
counts from jowls from which salmoncllas were not isolated. Mean counts are
shown in Table 2 and the salmonella positives are shown on Fig. 1 a, b and c. The
swab technique showed significantly higher total viable counts from salmonella-
contaminated jowls at both 37 and 21 °C. The excision technique showed a
significantly higher total viable count on salmonella-contaminated jowls at 21 but
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not at 37 °C. Irrespective of the sampling method used, the E. coli counts obtained
from salmonella-contaminated and uncontaminated jowls were not significantly
different.

DISCUSSION

An excision technique using 20 cm2 of skin was compared with a swab sample
from 40 cm2. The smaller area for the excision technique, representing a 5 cm
diameter patch, was thought to be the maximum practical size for sampling.
However, even a sample of this size could disfigure a carcass, and most workers
have used only a few square centimetres for excision sampling (Ingram & Roberts,
1970). As bacteria are randomly distributed on a meat surface, the likely variation
in sampling reduces as the sampling area increases (Ingram & Roberts, 1970). The
area to be swabbed was selected to ensure the largest surface possible was sampled
consistent with practical template sizes. On carcasses the difference in sampling
area might have influenced the results obtained due to variation in distribution
of bacteria over the surface. In this investigation an attempt was made to
distribute bacteria evenly over the surface sampled in order to reduce the sampling
variance following the method of Anderson cl al. (1980). For this reason it is
believed that the differences in the areas sampled by the two methods have not
influenced the results.

In this investigation the TVC at 37 °C obtained by swabbing was on average
40% of that obtained by excision and maceration. At 21 °C swabbing gave TVCs
which were, on average, 54% of the counts obtained by excision and maceration.
This is similar to the result reported by Ingram & Roberts (1970), who obtained
swab TVCs at 37 °C from pig carcasses which were 44% of those obtained by
excision. Scholefield, Mcnon & Lam (1981) showed that only 22 % of the 30 °C TVC
bacteria obtained by excision were recovered by swabbing. However, in this case
the area sampled was 2-5 cm2, compared with the 20 cm2 and 40 cm2 sampled in
this experiment and 50 cm2 sampled by Ingram & Roberts (1970). The latter have
noted that the size of the area sampled affects the efficiency of recovery of
microorganisms from a surface.

These results from sampling of pig carcasses compare favourably with those
obtained in red meat sampling, where swab sampling often yields a TVC of 10%
or less of that obtained by excision (Ojala, 1904; Ingram & Roberts, 1970). The
result may be due to the nature of the surface being sampled. The scalded skin
of the pig carcass could provide a surface which allows swabbing to remove more
bacteria than from a red meat surface. This difference may be related to tho fat
composition of tho surface being sampled (Ingram & Roberts, 1970).

The results obtained suggest that pig carcasses appear to have a relatively
uniform level of microbial contamination, as evidenced by tho standard errors of
the mean counts. Total viable counts obtained by swabbing correlated well with
those obtained by tho excision technique (Fig. la,6). The regression equations
could be used to predict tho excision count from a swab count. Swabbing detected
E. coli counts that wcro 58% of those obtained by excision. However, because of
tho wide variation of the counts obtained by both sampling methods the mean
E. coli counts wcro not significantly different. Both methods were equally variable,
suggesting that one method was not superior to the other in reducing the
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variability of the counts. The correlation between the E. coli counts obtained by
swabbing and those by excision was good (Fig. 1 c), suggesting that the regression
equation could be used to predict the excision count from a swab count.

Both sampling methods were equally efficient at detecting salmonellas although,
in spite of efforts to distribute organisms evenly over the whole of the jowl
sampled, both methods failed to recover salmonellas on several occasions. This
suggests that these organisms may be attached to the skin surface and less easily
dislodged by maceration or swabbing. Alternatively, the organisms may have been
present in small numbers and been irregularly distributed when the surfaces were
rubbed together.

Total viable count and E. coli count values could not be used to predict the
presence of salmonellas (Fig. 1). However, TVC and E. coli counts detected by
the swab method were significantly higher when salmonollas were recovered from
the jowls sampled.

The conclusion which can be drawn from this investigation is that swabbing
can bo used as an effective, simple, non-destructive method for estimating
bacterial contamination of, and recovery of salmonellas from, pig carcasses.

This investigation was conducted as part of a project to investigate contamination
of pig carcasses, funded by the Australian Pig Industry Research Committee. The
authors gratefully acknowledge the technical assistance of Alan Harbinson and
Jan Elliott.

UEFBRKNCKS
ANDKKSON, J. M. & HAIKD-PAKKKK, A. C. (1075). A rapid and direct plate method for

enumerating Escherichia coli biotype 1 in food. Journal of Applied Bacteriology 39, 111-117.
ANDKKSON, M. K., SKIIAUOII, J. L., MARSHALL, H. T. & STKINOKR, VV. C. (11)80). A method for

decreasing sampling variance in bacteriological analyses of meat surfaces. Journal of Food
Protection 43, 21-22.

HoLimooK, R., ANDERSON, J. M. & BAIKD-PARKKK, A. C. (1080). Modified direct plate method
for counting Escherichia coli in foods. Food Technology in Australia 32, 78-83.

INOKAM, M. & ROIIRKTH, T. A. (1070). The microbiology of the red meat carcass and the
slaughterhouse. Royal Society of Health Journal 96, 270-27(5.

KITCHKLL, A. G., INOKAM, G. C. & HUDSON, W. It. (1073). Microhial sampling in abattoirs. In
Sampling: Microbiological Monitoring of Environments, p. 43. Society for Applied Bacteriology,
Technical Series No. 7. London: Academic Press.

XOKTJK, G. L., SWANKI'OKL, E., NAUDK, It. T., HOLZAPPKL, W. II. & STKYN, P. L. (1082).
Evaluation of three carcass surface microhial sampling techniques. Journal of Food Protection
45, 101(5-1017.

O.JALA, O. (1004), A comparison of sampling methods used for the estimation of surface
contamination of meat. Nordish Veterinarmedicin 16, 231-240.

SCHOLKFIKLD, J., MKNON, T. G. & LAM, C. W. (1081). Psychrotroph contamination of pig
carcasses. Report of 27th European Congress of Meat Research Workers, Vienna, vol. 2, pp.
021-024.

SHAKPK, A. N. & KILSHY, I). C. (1071). A rapid, inexpensive bacterial count technique using
agar droplets. Journal of Applied Bacteriology 34, 435-440.

SOKIIAI,, It. It. & ROHLF, V. J. (10G0). Biometry. San Francisco: Freeman.
VASSILIADIS, P., KALOPATHAKI, V\, TKICIIOPOULOS, D., MAKKOMMATI, C. H. & SKKIK, CII. (1081).

Improved isolation of salmoncllae from naturally contaminated meat products by using
Rappaport-Vassiliadis enrichment broth. Applied and Environmental Microbiology 42,
015-018.

VHACKO, R. & SiiKimis, J. C. (1003). Indole-spot test in bacteriology. American Journal of
Clinical Pathology 39. 420-132.

https://doi.org/10.1017/S002217240006280X Published online by Cambridge University Press

https://doi.org/10.1017/S002217240006280X

