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Statistical analysis

Experiments were performed in triplicate. For 
each of the samples analyzed, duplicate plates were 
obtained for each dilution and averaged prior to anal-
ysis. For each of the tested methodologies, microbial 
counts were collected and transformed to either log10 
counts per 100 cm2 (swabbing) or log10 counts per g 
(rinsing and grinding) prior to analysis to allow control 
and stabilization of statistical variance and fulýllment 
of the requirements for normality prior to the analy-
sis. Log counts were considered a dependent variable 
of interest. Analysis of variance was performed using 
RStudio (version 1.0.44). Each sampling method was 
analyzed individually from the others, but within each 
methodology, comparisons of means were obtained 
between the ýrst, second, and third consecutive collec-
tion. Pearson product-moment correlation coe cients 
were calculated to identify the relationship between the 
sampling techniques implemented using RStudio (ver-
sion 1.0.44). In addition, simple linear regressions were 
computed and graphed using Microsoft Excel (2016). 
In all tests, the signiýcance level was set at ὄ Ò 0.05.

Results

The ýrst enumerations obtained from the beef 
trimmings using swabbing, rinsing, and grinding are 
presented in (Table 1). There was no signiýcant di er-
ence (P >  0.05) in the numbers of aerobic bacteria re-
covered when comparing the rinsing to grinding meth-
ods. However, aerobic bacteria recovered by swabbing 
was signiýcantly lower (P < 0.05) than both rinsing of 
the whole sample or grinding followe by rinsing.

The decline in the bacterial numbers recovered as 
a result of subjecting each sample to multiple sequen-
tial samplings is presented in (Table 2). The sequential 
sampling using rinsing and grinding techniques re-
sulted in a signiýcant decline (P < 0.05) in the number 
of bacteria recovered. However, the bacterial recovery 
when using the swabbing technique was not signiý-
cantly di erent (P >  0.05) for each of the 3 sequential 
samplings. Therefore, the decrease in bacterial num-
ber was not signiýcant (P >  0.05) indicating much 
bacteria remained on the surface of the sample.

By adding all bacterial counts together from all 3 
sequential samplings obtained by each of the methods 
(swabbing, rinsing, and grinding) a comprehensive enu-
meration of total aerobic bacteria and coliforms present 
in the beef trimmings was obtained (Table 3). When ob-
serving the aerobic bacteria counts, there was no signiý-
cant di erence (P > 0.05) between rinsing of the whole 

piece and grinding followed by rinsing. Nevertheless, 
counts obtained by swabbing were signiýcantly lower (P 
< 0.05) than rinsing and grinding as it was observed when 

Table 1. Aerobic bacteria counts obtained from the 
ýrst enumeration from N60 samples (n = 15) using 
swabbing, rinsing, and grinding

 
Sampling method

Aerobic bacteria
Log10 CFU SEM1

Swabbing, 100 cm2 1.9a 0.18
Rinsing, g 3.0b 0.21
Grinding, g 3.0b 0.16

a,bDi erent superscripts within the column denote statistical di erences 
(P < 0.05).

1Standard Error of the Mean.

Table 2. Aerobic bacteria plate count obtained from 
N60 beef trimmings (n = 15) as a result of repeated 
sampling using swabbing, rinsing and grinding

Collection  
frequency

Sampling  
method

Mean of log 
counts

 
SEM1

1st Swabbing, 100 cm2 1.9a 0.19
2nd Swabbing, 100 cm2 1.7a 0.16
3rd Swabbing, 100 cm2 1.7a 0.24
1st Rinsing, g 3.0a 0.22
2nd Rinsing, g 2.2ab 0.23
3rd Rinsing, g 1.7bc 0.20
1st Grinding, g 3.0a 0.17
2nd Grinding, g 2.3bc 0.17
3rd Grinding, g 1.8c 0.20

a–cDi erent superscripts within column for each of the sampling meth-
ods denote statistical di erences (P < 0.05). No statistical comparisons 
were conducted between the methods.

1Standard Error of the Mean.

Table 3. Comprehensive counts of total aerobic bacte-
ria and coliforms recovered from set of N60 (n = 15) 
samples as a result of repeated sampling using swab-
bing, rinsing, and grinding techniques consecutively 
for 3 times. Comprehensive counts were determined by 
adding the total number of bacteria recovered in each 
collection frequency (ýrst, second, and third) together1

 
Sampling method

Aerobic bacteria Coliform
Log10 CFU SEM2 Log10 CFU SEM2

Swabbing, 100 cm2 2.3a 0.18 0.1a 0.09
Rinsing, g 3.1b 0.22 0.4ab 0.20
Grinding, g 3.1b 0.17 0.9b 0.19

a,bDi erent superscripts within the column denote statistical di erences 
(P < 0.05).

1Generic E.coli counts were below the detection limits (< 10 CFU/ml). 
2Standard Error of the Mean.
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comparing just the initial samples. For total coliform 
counts, rinsing was not signiýcantly di erent (P > 0.05) 
from either swabbing or grinding, yet swabbing yielded 
signiýcantly lower counts (P < 0.05) than grinding.

The correlation coe cient was calculated to mea-
sure the strength and the direction of a linear relationship 
among the 3 methods. The correlations were 0.90, 0.82, 
and 0.83 for swab vs. grind, swab vs. rinse, and rinse 
vs. grind, respectively (Fig. 1, 2, and 3). Simple linear 
regression was performed to examine the relationship 
between the ýrst recovery of all possible pairs of the 3 
sampling methods, the results of which are illustrated 
in (Table 4). First, a linear model was computed to ex-
amine the relationship between swabbing and grinding 
and resulted in an r2 of 0.81. The samples subjected to 
grinding and then rinsing had approximately 1.47 log 
more bacteria than the samples that were swabbed. The 
predicted recovery of grinding was 1.47 + 0.8X where 
X is the bacterial recovery obtained by swabbing (Fig. 
1). Second, a linear model was performed to evaluate 
the relationship between swabbing and rinsing and re-
sulted in r2 of 0.67 indicating the percentage of varia-
tion of the response variable (Rinsing Log CFU/g) ex-
plained by our model. Rinsing of the whole piece had 
approximately 1.16 log more bacteria than swabbing of 

the whole piece. The predicted recovery of rinsing was 
1.16 + 0.93X where X is the number of aerobic bacteria 
obtained by swabbing (Fig. 2). Finally, the linear model 
between rinsing and grinding recovery resulted in an r2 
of 0.70, indicating that 70% of the response variation is 
explained by the linear model. The predicted recovery 
or grinding was 1.07+ 0.66X where X is the number of 
bacteria recovered by rinsing (Fig. 3).

Scanning electron microscopy (SEM) pictures of 
swabs were obtained to examine its bacterial retention, 
as it was hypothesized that grinding the sample would 
yield higher bacterial counts because a larger surface 
area would be exposed in comparison with rinsing and 
swabbing. It was thought that subjecting the trimmings 
to multiple samplings would result in a decline in the 
number of bacteria until it becomes undetectable. The 
SEM pictures should hypothetically show bacteria at-
tached to the swab on the interior and exterior surfaces 
since the sponge might retain part of the bacteria recov-
ered from the sample. Results obtained from the SEM 
pictures revealed that some bacterial cells remained on 
the interior and exterior layers of the sponge. There was 
not a speciýc pattern in how bacteria appeared on the 
sponge, as they could be seen as a single cell or clusters 
and were distributed over the entire area.

Table 4. The relationship between the ýrst recovery of all pairs of sampling methods (swabbing, rinsing, and grinding)
Sampling methods r r2 ɓ1

1 CI P-value ɓ0
2 CI P-value

Swabbing vs. Grinding 0.90 0.81 0.80 0.58 - 1.03 < 0.05 1.47 1.00 - 1.94 < 0.05
Swabbing vs. Rinsing 0.82 0.67 0.93 0.55 - 1.32 < 0.05 1.16 0.36 - 1.95 < 0.05
Rinsing vs. Grinding 0.83 0.70 0.66 0.40 - 0.91 < 0.05 1.07 0.28 - 1.87 < 0.05

1ɓ1 indicates the slope.
2ɓ0 Indicates the intercept.

Figure 1. Correlation between swabbing and grinding methods for aerobic bacteria counts recovered from N60 beef trimmings.
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reason this sampling method showed superior bacterial 
recovery in beef trimmings. However, rinsing resulted in 
counts that were not signiýcantly di erent than grinding, 
probably because most of the bacteria are located on the 
exterior surface of the trimmings especially when it is 
still intact, like the beef trims.

As expected, the ýrst sampling recovered the highest 
number of bacteria in all three sampling methods used in 
this study. This could be because most of the bacteria that 
are found on the external surface of the trimmings are 
not necessarily ýrmly attached. Then, after sampling is 
performed multiple times, the recovery decreases either 
because bacteria have already been removed, bacterial 
attachment is stronger, or there is di culty reaching deep 
areas of the meat as in the case of swabbing.

Despite the variation of the e ectiveness in each sam-
pling method, the ability to implement any of these meth-

ods commercially would be a crucial factor to determine 
which one should be used. In this study, swabbing was less 
time-consuming and easier to perform, however, our re-
sults indicated that swabbing recovered around one-tenth 
of what rinsing or grinding followed by rinsing recov-
ered. In addition, grinding the sample, as the results show, 
did not add much to the recovery of indicators. The time 
needed for the grinder to be cleaned and sanitized for each 
sample to be processed was also far greater, making this 
method more intricate and time consuming. Rinsing the 
whole pieces of beef trimmings would be the ideal method 
among those studied when assessing the microbiological 
condition of beef trims as it recovers more bacteria than 
swabbing and requires less time to perform in comparison 
to grinding, yielding basically the same results.

While swabbing recovered fewer bacterial cells, it 
still plays an important role in process control because 

Figure 4. Scan electron microscopy (SEM) pictures from the exterior surface of sponge show bacterial cells attached to the swab: (A&B) Exterior 
surface without rinse, (C&D) Exterior surface after First rinse, and (E&F) Exterior surface after 2 rinses.

Figure 5. Scan electron microscopy (SEM) pictures the interior surface of the sponge show bacterial cells attached to the swab: (A&B) Exterior 
surface without rinse, (C&D) Exterior surface after First rinse, and (E&F) Exterior surface after 2 rinses.
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it is a nondestructive and non-invasive method. For any 
given agency or industry conducting microbial data col-
lection, sampling consistency is the key for proper inter-
pretation of results. It is very important that the samples 
collected and reviewed over time are compared to results 
from samples collected in the same manner to make in-
formed decisions about process control. It is also critical 
that each laboratory has written guidelines for sample 
collection that are followed to achieve consistency from 
day to day, which allows for a proper veriýcation of the 
microbial loads present on beef trimmings.
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