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su m m a r y

ln a first trial, several sites on commercial beef fore quarters were sampled. It was found that the restriction of sampling to 3 
defined carcass areas (outside of the neck, central position of shoulder, forerib) and a single sample (by bulking the sites) 

| Was acceptable for microbial evaluation of the whole quarter. In a second trial, the bacteriological quality of batches of 
C°mmercial carcasses was assessed by sampling around 50 quarters per batch. Precision of sampling plans versus the 
nurT>ber of sampled quarters was then established.

’P r o d u c t io n

’’ is n°w well established that the slaughtering of the animal is an important source of contamination during meat processing 
*NqRAM and ROBERTS, 1976 ; FOURNAUD et al, 1978 ; ROBERTS, 1980 ; EUSTACE, 1981 ; NORTJE and NAUDE, 1981). 

% s v'Sual control is obviously not sufficient to garantes good hygienic quality of carcasses (EUSTACE, 1981 ; ROBERTS and 
’ 1984 ; STOLLE, 1988), it is necessary to count number of bacteria on carcasses during their production and distribution. 
6 Problem of adequate sampling for bacteriological purposes have been discussed by INGRAM and ROBERTS, 1976 ; 

° BERTS et al, 1980 ; STOLLE, 1988). Number and distribution of bacteria on beef carcasses at the end of the slaughter- 
^  or 24  hours later have been reported in many studies (INGRAM and ROBERTS, 1976 ; EUSTACE, 1981 ; ROBERTS ans 

> 1984 ; STOLLE, 1988). However, only few bacteriological data have been published on commercial carcasses 
BERTS et al, 1980). Furthermore, in practice, time and effort required for microbiological testing do that it is necessary to 
pte a limited, but representative, number of carcasses. The aim of this study was to examine microbial quality of a 

^stantial number of commercial carcasses obtained from different abattoirs, and to propose a microbiological control 
SrTl of such carcasses, in order to the possible application of quality control rejection procedure of batches of carcasses.

As
,ern

)' need:

pr°Posed by others, we choose to seek Total Viable Counts (TVC), micro-organisms capable of growing at refrigeration 
r 'Perature (Pseudomonas, PS) and indicator of faecal pollution (Conforms, CF). As sampling method we choose excision 

6r than a swabbing method that is not sufficiently reproductible (ROBERTS et al, 1984). A satisfactory sampling scheme
s to answer to : 1) Which parts of a carcass to examine ? 2) On a particular batch, how many carcasses to sample ?

“ T rials A N D  M E T H O D S

E xp erim en ta l d es ig n
COr|secutive trials (I and II) were performed 

. ’ : In the purpose to choose which part o f .

Two

s ----- .w w.wwo» part of a carcass to examine, 24 fore quarters coming from 3 different abattoirs were
Pled as they were delivered (i.e. from 1 day to 5 days after slaughter). On each carcass, 20 defined sites were sampled 

l'"9ure

FIG U R E  1 : S am pling  s ites  on th e  fo re  q u arte r

'I'riai 

^n i
^  11 : A total of 869 commercial fore quarters were sampled at 3 different sites (see results trial I). Those quarters were :

in is  |orrjes including french and foreign deliveries, so that between 40 and 60 quarters were examinated in each lorry.
^ach, ...... - * ‘barter was identified according to its position in the lorry (front or back, middle or side).
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2 • B a c te rio lo g ic a l a s s e s s m e n t ai
Sampling : Excision samples (12.5 cm2) were shaved off as thin as possible with sterile intruments, wrapped in sterile bag( ^  
and frozen counting. The samples were blended (stomacher 80) for 1.5 mn in 50 ml of 0.1% peptone solution. Decifl1 ^ 
dilutions were prepared and 1 ml samples were plated on media and incubated. Total Viable Counts (TVC) were determin« 
on TVG 5 P (FOURNAUD and al, 1973) after incubation for 5 days at 22°C. For Pseudomonas (PS) counts, samples S| 
incubated for 2 days at 22°C, using Pseudomonas Agar Base (Oxoid) and Pseudomonas C.F.C. Supplement (Oxoi ^ 
Conforms (CF) were monitored on desoxycholate Agar (Difco) after incubation for 1 day at 44°C.
All counts were transformed to logarithms and expressed as log CFU (Colony Forming Unit) per cm^ of beef sample-

i 1

R E S U L T S  A N D  D IS C U S S IO N

v\

liltin'11
1 - F irs t tria l : P a tte rn  o f fo re  q u a rte r bacteria l co n tam in atio n .

For each quarter, mean values for TVC (calculated from number of bacteria on the 20 sites), the maximum and mining 
values and the sites at which they were obtained are shown in table 1. As previously observed by others (INGRAM ^  
ROBERTS, 1976 ; ROBERTS et al, 1980, 1984 ; JOHANSON et al, 1983 ; STOLLE, 1988), we found high variation^ 
microbial load from one quarter to another. Average contamination ranged from 3.3 log to 5.3 log. Distribution of bacteria0 ^
surface quarter also shown high variation. Indeed, it is common for the maximum and minimum counts on a quarter to 
by as much as 4 logarithmic units. Furthermore, as found by others (INGRAM and ROBERTS, 1976 ; ROBERTS et al, 
1984 ; STOLLE, 1988), the most contaminated sites, that are particularly interesting for quality control, were not the same 
different quarters, and the same was true for the least contaminated sites (table 1). Maximum counts were found on sites

difi0r
1980.

fo' 
2,3. 

idia1)'
Sit«’

18 (brisket), site 6 (short ribs), sites 11,12,19 (shoulder and fore shank), sites 14,15, 16 (neck) and site 20 (fore rib, me0‘ 
Those data suggest that the distribution of bacteria is not sufficiently systematic to warrant sampling only one s' 
Consequently, several sites must be sampled, although as proposed by ROBERTS et al (1980), the samples from °n < * 
carcass may be bulked before bacteriological analysis.

TABLE 1 : Differences in bacterial contamination (Total Viable Counts, log 10 / cm2)
at different sites on 24 fore quarters

Minimum value Maxlmurn value
— K'r öT-------

q u a rte rs
Num ber oi 

b a c te r ia
Site (1) Numner of 

b a c te r ia
bite (1) M ean

v a lu e

1 2,81 15 6,75 12 5,62
2 2,66 17 6,26 11 5,32
3 1,20 7 6,41 20 5,15
4 2,53 17 6,12 16 5,21
5 0,48 17 5.12 6 4,47
6 1,08 7 4,62 19 3,78
7 0,60 6 4,20 16 3,48
8 1,78 7 4,83 20 3,77
9 2,30 7 4,98 18 4,13

1 0 1,38 6 4,51 3 3,74
1 1 0,60 17 4,08 3 3,47

1 2 0,48 9 4,51 3 3,79
1 3 1,51 17 4,26 16 3,54

1 4 1,08 7 4,56 14 3,77

1 S 1,60 10 4,51 16 3,45

1 6 0,60 6 4,78 16 3,81

1 7 0,48 7 5,20 16 4,09

1 8 1,30 6 4,30 15 3,52

1 9 1,08 7 4,30 2 3,32

2 0 2.56 17 5,34 20 4,44

2 1 2,20 8 5,00 16 4,24

2 2 2,38 7 4,56 15 3,92
2 3 2,72 7 6,16 20 5,26

2 4 1,30 7 4,86 3 3,88

Mean of all sites (n *  20) E
P
b

.»5

( I

F IG U R E  2 : C o rre la tio n  b etw een  c o n tam in a tio n  
o f s ites  11 , 16, 20 , and  co n tam in a tio n  o f all 
s ites  (1 -20 ) w ith  TV C  as  b a c te rio lo g ic a l Index

(1) For names of sites, see fig 1

In order to select the subset of sites that most characterized the bacteriological quality of a quarter, correlation bet* 
subsets of "dirty sites" and mean of all sites (used as the bacteriological index of the whole quarter) was studied. ^ 
subsets included only 2 sites, the highest correlation was observed with sites 11 and 20 (r = 0.85, results not shown), 
when subset included 3 sites : sites 11, 16, 20, coefficient correlation was up to 0.90 (r = 0.93, figure 2). With additional 
it was not possible to obtain a coefficient of correlation significantly higher than observed with 3 sites (results not sh°  ̂
Those results showed that the restriction of sampling to 3 defined carcass areas (outside of the neck, central Positl°nttl(|  
shoulder and forerib), and a single sample (by bulking the 3 sites before bacteriological analysis) was acceptable f°r
bacteriological evaluation of the whole quarter when TVC was used as bacteriological index.
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With Pseudomonas (PS) or Coliforms (CF) as criterion adopted to judge hygienic quality, high carcass to carcass variations 
i9 to site variation were also observed (results not shown). Correlation of PS and CF to TVC was not very high (PS .
a|( M).51 ; Qp . r=o.8o ; n=480), suggesting that number and distribution of those specific organisms did not reflect the 
id behaviour of Total Viable Counts. However, the restriction of sampling to sites 11, 16, 20 seems also acceptable for the 
■g bacteriological evaluations of the whole carcass (figures 3 and 4). Finally, it can be concluded that those 3 dirty sites are 
), Stable to judge numbers of TVC, PS or CF on a quarter. This method was used in trial II to assess microbial quality of a 

substantial number of commercial carcasses (see below).
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FIG U R E 3 : C orrelation  betw een contam ination  of sites  
11, 16, 20 and contam ination of all s ites  (1 -  20) with 
PS as bacterio log ica l Index

Mean of all sites (n •  20)

FIG U R E 4 : C orrelation betw een contam ination  o f sites  
11, 16, 20 and contam ination of all s ites  (1 - 20) w ith  
CF as bacterio log ical Index

*  '  S econd tria l : M icro b ia l q u a lity  of b a tch es  of co m m erc ia l q u arte rs .
bf-tsriological quality of 18 batches of quarters was assessed by sampling around 50 quarters per batch (see methods). 
®suits are tabulated in table 2. On any particular batch, the range of counts between quarters was very large. In the same 

l ^ ch, maximum and minimum counts for TVC, PS and CF were generally as follow : TVC and PS : from less than 2-3 log to 
7 lo9 ; CF : from less than 1 log to 2-3 log.

TABLE 2 : Bacterial contamination (TVC, PS and CF) of 18 batches of fore quarters

( I

!0«t%

jo'"
ite5
*r)'
in

LORRY

N um ber
o f

q u a r te rs

Total Viable Counts 
(TVC)

Pseudomonas
(PS)

---------------- CÔÏÏi
(Cl

Min Max Mean ± 
std. dev.

Min Max Mean± 
std. dev.

Mm Max
std. dev.

A 60 2,94 5,64 3,92 ± 0,65 1,48 3,75 2,20 ± 0,67 0,48 3,51 1.01 ± 0,68
B 60 3,38 7,82 4,60 ± 0,78 1,48 5,15 2,42 ± 0,81 0,48 3,56 0,84 ± 0,67
C 60 2,66 5,30 3,78 ± 0,54 1.48 4,58 2,44 ± 1,02 0,48 2,26 0,74 ± 0,46
D 60 3,20 5,73 4,45 ± 0,69 1,48 5,45 2,16 ± 0,80 0,48 3,08 0,77 ± 0,51
E 60 3,15 5,64 4,13 ± 0,47 1,48 4,92 3,02 ± 0,63 0,48 3,02 0,90 ± 0,54
F 60 3,11 5,48 4,01 ± 0,55 1,48 4,15 2,10 ± 0,63 0,48 2,60 0,84 ± 0,59
G 60 3,08 5,13 3,80 ± 0,50 1,48 3,00 1,61 ± 0,34 0,48 2,51 0,60 ± 0,32
H 40 3,00 5,58 4,26 ± 0,48 1,48 3,46 2,33 ± 0.59 0,48 2,53 1,28 ± 0,62
I 41 3,26 6,94 4,13 ± 0,69 1,48 4,33 2,26 ± 0,78 0,48 2,41 0,77 ± 0,51
J 41 3,16 5,20 4,05 ± 0,56 1,48 5,05 3,35 ± 0,80 0,48 2,26 0,82 ± 0,45
K 39 2,88 5,58 4,13 ± 0,65 1,48 4,15 2,11 ± 0,79 0,48 2,15 0,72 ± 0,46
L 44 3,57 6,27 4,73 ± 0,71 1,48 6,04 3,74 ± 1,11 0,48 3,73 0,99 ± 0,91
M 40 3,32 7,09 4,73 ± 0,82 1,90 6,20 4,09 ± 1,24 0,48 2,58 0,73 ± 0,46
N 42 2,72 6,18 4,41 ± 0,85 1,48 6,20 4,05 ± 1,27 0,48 1,08 0,49 ± 0,09
O 42 3,26 5,38 4,17 ± 0,48 1,48 5,26 2,82 ± 0,89 0,48 1.72 0,55 ± 0,22
P 40 3,98 5,72 4,74 ± 0,43 1,48 5,86 3,63 ± 1,08 0,48 1,90 0,62 ± 0,31
Q 40 3,30 6,68 4,93 ± 0,66 2,08 6,51 4,33 ± 0,97 0,48 1,72 0,65 ± 0,34
R 40 2,81 5,08 3,97 ± 0,58 2,45 5,41 4,03 ± 0,80 0,48 1,30 0,51 ± 0,14

Unit : (log 10/cm2)
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The reason for such extreme differences is not understood and isolated occurrences may probably be responsible (INGR^ ^ 
and ROBERTS, 1976). Identification of each quarter according to its position in the lorry (see methods) showed that this fac^ 
did not generally matter. However, in some cases, and especially with PS as bacteriological index, differences 
observed between quarters in the front and the back of the lorry (figure 5). Those data agreed with the fact that, in such lo^’ 
days of slaughter were not the same for all quarters. For example, in lorry C (figure 5), quarters situated at the back were 
freshly-slaughtered than quarters situated at the front. In such lorry, the distribution of PS bacterial counts was not "norn1̂  
(results not shown). Consequently, PS average contamination could not be estimated by sampling a limited number T 
carcasses. With CF as bacteriological index, and whatever the batch, the assumption of log normality was not valid. C|

LO R RY C LORRY N
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FIGURE 5 : Bacteriological quality of commercial quarters : differences in FIGURE 6 : Estimation of TVC average contamination of a batch 
Pseudomonas counts (Iog10/cm2) from the front and the back of the lorry quarters by sampling a limited number of quarters Î

6

uni5So, as found for PS bacterial counts, CF average contamination could not be estimated. In the opposite, TVC bacterial co' ^  
were normally distributed and TVC average contamination could be estimated by sampling some quarters. Précisiez 
average contamination was 1.2 log when only one carcass was sampled, 0.8 log for 4 sampled carcasses and 0.3 log <°r
sampled carcasses (Figure 6). As the average contamination varied a little bit from batch to batch (in the present stui)̂  
average counts range from 3.8 logs to 4.9 logs, table 2), it can be advanced that sampling plans with only one or two qu3rt 
are not suitable to estimate average quality of a particular batch.

C O N C L U S I O N
Jd

Bacteria are scattered ununiformly over the surface of the carcass. However, as previously proposed by others, present st 
shows that the restriction of sampling to "dirty" sites and a single analysis (by bulking sites before bacteriological analys'5̂  
acceptable for microbial evaluation of the whole quarter. Consequently, hygienic quality of individual quarter can be ea J 
estimated. In contrast, for microbial evaluation of a batch of quarters, there are 2 basic difficulties : 1 ) a large number ( 
quarters must be sampled since carcass to carcass variation is very high ; 2) In some cases, average contamination could 
be estimated since the assumption of log normality is not valid, except when TVC is used as bacterial index.
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