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A Research Note
Use of Petrifilm™ 3M
to Assess Coliform Numbers on Lamb Carcasses
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ABSTRACT

Petrifilm™ (6410) was used directly on lamb carcasses 10

enumerate coliforms. Ten sampling locations (sites) on 30 car-

casses were sampled at each of four separate meat processing
establishments (works). The coliform counts obtained by this
technique were statistically analyzed using analysis of variance

(ANOVA) to select the optimum samipling sites on the carcass and-

to assess the contamination of the carcass by gut flora at a
particular establishment. There was a large variation between sites
and between works. In general, works 3 and 4 produced cleaner
carcasses than works 2, which in turn was cleaner than works 1.
Since works 1, 2 and 4 used conventional dressing techniques and
works 3 used the inverted dressing method, the coliform counts
found at works 3 and 4 are achievable regardless of dressing
technigue. The coliform bacteria were most concentrated around
the posterior pelvic rim and least prevalent at the carcass extremi-
ties. The posterior pelvic rim (sites 3 and 4) had higher (P<0.05)
coliform counts than the exterior ventral flank area (sites 3, 6, 7
and 8), which in turn had higher (P<0.05} counts than the
proximal hind and proximal fore limbs (sites 1, 2,9 and 10) across
all works. With in-line routine testing it is recommended that the
majority of carcasses sampled should give coliform counts of less
than 50 coleny forming units (CFL)/20 cm? for sites 4 and 8.
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Bacteria in meat and meat products can constitute a
health hazard and affect keeping quality. The internal tissue
of healthy animals is virtually sterile and bacterial contami-
nation only occurs during slaughter, dressing, handling and
storage (6). A variety of selective procedures are available
for determination of the presence of pathogenic bacteria;
however, pathogenic bacteria are usually only present in
low numbers and are difficult to detect (7). Thus, indicator
organisms, such as coliforms, generally present in larger
concentrations, are enumerated. Therefore, counts of indi-
cator organisms such as coliforms, are used to assess the
leyel of contamination of a carcass.

Currently the most common methods for the enumera-
tion of bacteria on carcass surfaces are the swab/plate
method and excision/plate method. Both of these methods
require considerable expertise, equipment and time in both

preparation and execution. Therefore, the direct application
of 3M Petrifilm™ (6410) to the surface of the carcass was
proposed as a means of enumerating the coliform group of
bacteria. This method is simple, rapid, non-destructive and
suitable for in-line quality assurance testing.

The present system of assessing hygiene in meat pro-
cessing establishments uses macro (visual) inspection by
government inspectors. The proposed replacement of in-.
spection by microbiological analyses is an attempt to intro-
duce an objective rather than a subjective test for apprais-
ing hygiene. Such a test could be an integral part of product
specifications of a quality assurance program. Therefore,
the project’s aim was to determine the optimum site or sites
for coliform enumeration and the mean count per carcass
achievable with good manufacturing practices in meat pro-
cessing establishments. :

Initial experimentation and literature (1,2,3,4,5,8,9)
suggested that 3M Petrifilm™ (6410) offered advantages
over both the swab/plate method and the excision/plate
method. Some advantages noted were: rapidity, simplicity,
non-interference with line operations, non-destructive sam-
pling, accuracy, good selectivity and ease of storage and
preparation of materials. Therefore, 3M Petrifilm™ {6410)
— violet ted bile, a selective medium for the enumeration
of the coliform group, was chosen for this trial.

Coliform counts cannot be directly correlated with
keeping quality or public health risk. However, the pres-
ence of coliforms is regarded as a good indicator of poor
hygienic practices in food industries.

MATERIALS AND METHODS

In-line sampling.

Sampling involved four meat processing establishments
(works), 30 ovine carcasses per establishment and 10 sampling
locations (sites) per carcass. The ovine carcasses were sampled
after the final wash, just prior to chilled storage. The location of

“the 10 sites on the external surfaces of the carcass (Fig. 1) were

chosen for their significance in the dressing procedure after
consultation with government meat inspectors. Works I, 2 and 4
used the conventional hind-leg dressing procedure and works 3
used the inverted fore-leg dressing procedure.
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Figure 1. External sampling sites on ovine carcass.

The sampling of the ovine carcasses was carried out over the
duration of 1 day's production run. All samples were collected
during the winter month of July.

_ Preparation of 3M Petrifilm™ (6410).

The 3M Petrifilm™ (6410) was pre-hydrated approximately
12 h prior to use with | mi of sterile 0.1% peptone water per plate.
The hydrated plates were subsequently refrigerated at 4°C until
required.

Sampling procedure.

The top film was lifted and the gel surface carefully pressed
against the external ovine carcass surface at the designated site.
The external gel surface was rubbed gently to ensure good contact
between the carcass surface and the gel. The top film was then
replaced ensuring the exclusion of air bubbles.

Incubation and enumeration procedures.

The 3M Petrifilm™ plates were incubated at 37°C for 2 b
Coliform counts were recorded as the number of CFUs per 3M
Petrifilm™ plate. The circular growth area is approximately 20
cm’, Estimates were made on plates containing greater than 150
colonies by counting a representative number of squares and
multiplying by the appropriate number to obtain an estimated
count for the total 20 cm? growth area.

Statistical analyszs

Coliform counts were analyzed by ANOVA after a log
transformation. Initially a split plot model was used in which the
site on a carcass was the sub-plot factor. In view of the significant
interaction between works and site and the non-homogenous error
variation across sites, it was decided to also analyze each site
separately; however, geometric means were underestimated for
some works using ANOVA techniques as counts larger than 300
were recorded as 301 for analysis. To overcome this difficulty,
graphs were prepared in which the number of carcasses were
grouped into the following categories: counts £10, >10, <50, >50,
<100 and >100 (Fig. 3). Chi-square statistics were calculated on
the number of carcasses with counts >50 to test whether the
differences between works were statistically significant for each
site. No apparent trends in counts, due to operator variability,
were reflected in the microbial results.

RESULTS

Coliform counts were higher (P<0.05) at sites 3 and 4,
with site 4 recording the highest mean count (Fig. 2). The
sites on the carcass trunk (sites 5, 6, 7 and 8) recorded
lower (P<(.05) coliform counts than sites 3 and 4, which in
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Geometric Mean Coliform Count

Sites
Works | Works 2 Works 3 Works 4

PP .

'Fur each site, works given the same letter are not different {£>0.05) -
*Where the symbols are closely greuped, the letler refors to all symbols withir (he group.

Figure 2. Comparison of coliform counts (geometric means)

across works for each site. Works 1, @; Works 2, O Works 3, O;

and Works 4 B,

! For each site, works given the same letter are not different
(P>0.05).

+ Where the symbols are closely grouped, the letter refers to all
symbols within the group.
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turn were higher (P<0.05) than the sites on the carcass
extremities (sites 1, 2, 9 and 10),

A significant site by works interaction occurred. It can
be substantiaily explained by grouping sites showing simi-
lar patterns across works. Sites 2, 3 and 4 recorded no
statistical difference (P>0.05) between works 1 and 2 nor
between works 3 and 4. However, works 1 and 2 recorded
higher (P<0.05) mean counts than works 3 and 4 (Fig. 2).

For sites 5 to 10, works 2 recorded lower (P<0.05)
mean counts than works 1 and similar mean counts to
works 4 except for site 5. Works 3 recorded lower (P<0.05)
mean counts than all other works at sites 7 and 8.

The mean counts for each works were similar at sites
1 and 2. However, works | recorded lower (P<0.05) counts
than works 2 at site 1.

A similar pattern of results was observed when the
number of carcasses with a count larger than 50 was
graphed for each works at each site (Fig. 3). Each works
recorded its highest number of carcasses with a count
greater than 50 at site 4.

The majority of carcasses that recorded sites with
counts greater than 300 occurred at works 1. At this works,

- 93 of the 300 counts recorded were greater than 300 CFU/

20 em? compared to 29 sites at works 2, 7 sites at works
3 and O sites at works 4. This converts to 31, 10, 2 and 0%
of the total number of sites at works 1, 2, 3 and 4,
respectively.

In terms of sites rather than works, the highest inci-
dence of counts greater than 300 occurred at site 4 (27% of
counts). More generally, the majority of counts greater than
300 occurred at sites 3, 4, 5, 6, 7 and 8 which correspond
to the trunk of the ‘animal (Fig, 1).

Samples were collected at equal time intervals during
the day’s production and there was no correlation between
time of day and level of contamination.

DISCUSSION

Ten sites per carcass were examined to determine the
distribution of coliform bacteria over the external surface of
the: carcass. The positions of the 10 sites (Fig. 1) were
chosen because of their significance to procedures, such as
evisceration. The number was restricted to 10, because of

Number of carcasses

Sites

Works | Works 2 Works 3 Works 4
= -

1Fnr cach site, works given the same letter are not different {P>0.05)
Where the symbols are closely prouped, the lotier refers o all symbols within the group.

Figure 3. Number of carcasses with counts greater than 50 CFU/

20 om® at each site. Works I, ©; Works 2, O; Works 3, O; and

Works 4 M

! For each site, works given the same letter are not different
(P>0.05).

* Where the symbols are closely grouped, the letter refers to all
symbols within the group,

time and cost factors. However, this number would be
excessive in an in-line production- situation at a meat
processing establishment. Therefore, to minimize disrup-
tion to the production line, the number of sites per carcass
should be kept to four or less. Preferably, sites chosen
would be indicative of evisceration procedures and have
counts below 300 colonies per plate.

The difference between works was more pronounced at
sites with higher counts (Fig. 2). In general, at sites with
higher counts, works 3 and 4 had lower counts than works
2 which in turn were lower than works ) (Fig. 2). The
coliform counts at wotks 3 were similar to those found at
works 4. Since works 1, 2 and 4 used conventional dressing
techniques and works 3 used the inverted dressing method,
the coliform counts found at works 3 and 4 are achievable
independent of dressing technique.

The sampling of the ovine carcasses was carried out
over the complete day’s production run at each meat pro-
cessing establishment. The coliform counts showed no
significant trend with time. Therefore, under a quality
assurance system, sampling could be undertaken at any
time during a day’s production.

Coliform counts were highest at sites 3 and 4 and
lowest at the carcass extremities, that is, sites 1, 2, 9 and 10
(Fig. 1 and 2). Sites 3 and 4 had higher coliform counts
than sites 5, 6, 7 and 8, which in turn had higher counts
than sites 1, 2, 9 and 10. It is proposed that sites 4 and & be
used for in-line routine testing in a production situation.
Site 4 was chosen because it gave countable results at
works 3 and 4 (Fig. 2), that is, the works with lower counts.
Also, its position on the carcass indicates procedural prob-
lems during the “ringing” (excision of the anus) operation.
With site 8, countable coliform results were achieved at
works 1 and 2 (Fig. 2), that is, the works with higher
counts. This site indicates procedural problems during the
evisceration step of processing.

These results suggest that with in-line routine testing,
such as that required for a quality assurance audit, the
majority of carcasses sampled at clean works should give
coliform counts of less than 50 for sites 4 and 8. This was
demonstrated for sites 4 and 8 ‘at the works having lower
coliform counts, that is, works 3 and 4 (Fig. 2). The number
of carcasses sampled would follow & sampling plan based
on throughput of the works. :

ACKENOWLEDGMENTS

The authors gratefully acknowledge the assistance of Gary Blight
and Ross Shepherd in the design of the experiment and the statistical
analysis of the resultant data.

REFERENCES

1. Branger, A. 1987. Study of Petrifilm™ VRB for enumerating colif-
orms in dairy products. Tech. Lait. Ne. 1025, 27-29;

2. Ginn,R.E., W. 8. Packard and T. L. Fox. [986. Enumeration of total
bacteria and coliforms in milk by dry rehydratable film methods:
Collaborative study. Association of Official Analytical Chemists.
69:527-531.

3. McAllister, J. S., M. P. Stadtheir and T. L. Fox. 1988. Evaluation of
the 3M Petrifilm™ culture plate method for enumerating aerobic
flora and coliforms in poultry processing facilities. J. Food Prot,
32:658-639, 662,

JOURNAL OF FOOD PROTECTION, VOL. 57, OCTOBER 1994




—

COLIFORM COUNT ON CARCASSES USING 3M PETRIFILM™ 977

4 McGoldrick, K. F ., T. L. Fox and J. § . McAllister. 1986. Evaluation

of a dry medium for detecting contamination on surfaces. Food
Technol. 40{4):77-80.

Nelson, C. L., T. $. Fox and F. F. Busta. 1984, Evaluation of dry
medium film (Petrifilm™ VRB) for celiferm enumeration. J. Food
Prot. 47:520-525, 529.

Nortje, G. L., L. Nel, E. Jordaan, K. Badenherst, G. Goedhart, W. H.
Holzapfel and R. J. Grimbeek. 1930. A quantitative survey of a meat
production chain to determine the microbial profile of the final
praduct. J. Food Prot. 53:411-417.

7.

Restaino, L. and R. H. Lyon. 1987, Efficacy of Petrifilm™ VRB for
enumerating coliforms and Escherichia coli from frozen raw beef, J.
Food Prot. 50:1017-1022.

Senyk, G. F., 8. M. Kozlowski, P. 8. Noar, W, F. Shipe and D. K.
Bandler. 1987. Comparison of dry culture medium and conventional
plating techniques for enumeration of bacteria in pasteurized milk. J.
Dairy Sci. 70:1152-1158.

Semith, L. B., E. A. Zottola, T. L. Fox and K. Chausse. 1989. Use of
Petrifilm™ to evaluate the microflora of frozen dessert mixes. J.
Food Prot. 52:549-551.

JOURNAL OF FOOD PROTECTION, VOL. 57, OCTOBER 1994



