Arastirma Makalesi/Original Article
Makale Dili “Ingilizce”/Article Language “English”

Turk Hijyen ve Deneysel Biyoloji Dergisi

Comparison of conventional and rapid methods for
determination of total aerobic mesophilic microorganisms and
Enterobacteriaceae in poultry products

Cetin ERTUGRUL!, ibrahim CAKIR?

ABSTRACT

Objective: In this study, it was aimed to
compare the conventional and rapid test methods
in determining the numbers of both total aerobic
mesophilic microorganizm and Enterobacteriaceae in
totally 123 poultry products which were both whole

carcass and mechanically separated.

Methods: In In the study, it was simultaneously
used 1SO 4833:2003 conventional method and TEMPO
TVC rapid test method for determining the number of
total aerobic mesophilic microorganism, as well as ISO
21528-2:2004 conventional method and TEMPO EB rapid
test method for the enumeration of Enterobacteriaceae.
According to this, it was statistically evaluated the
results belonging to 100 samples in a total of aerobic
mesophilic microorganism count and also 85 samples in
Enterobacteriaceae count. Descriptive statistical test
and F-test were performed by using office excel 2007
Software (Microsoft, Redmond, USA) at the statistical
comparison of the conventional and rapid test methods.
In addition, linear regression and Pearson correlation
analyses were performed by using MINITAB 16 software

(Minitab Inc., State College, TX, USA).

OZET

Amag: Bu calismada, butun karkas ve mekanik
olarak ayrilmis 123 adet kanatli et Uurininde,
toplam aerobik mezofilik mikroorganizma sayis
ve Enterobacteriaceae sayisinin belirlenmesinde
klasik ve hizli test yontemlerinin karsilastirilmasi

amagclanmistir.

Yontemler: Calismada, toplam aerobik mezofilik
belirlenmesinde  “ISO

“TEMPO  TVC”

mikroorganizma

4833: 2003”

sayisinin
klasik yontemi ve
hizli test yontemi,

belirlenmesinde ise “ISO 21528-2: 2004” klasik yontemi

Enterobacteriaceae sayisinin

ve “TEMPO EB” hizli test yontemi es zamanli olarak
calisilmisti. Buna gore, toplam aerobik mezofilik
mikroorganizma sayiminda 100, Enterobacteriaceae
sayiminda ise 85 ornege ait sonuglar istatistiki olarak
degerlendirilmistir. Klasik ve hizli test yontemlerinin
istatistiki olarak karsilastinlmasinda office excel 2007
(Microsoft, Redmond, ABD) programi kullanilarak,
tanimlayic1 istatistik testleri ve F-testi yapilmistir.
Lineer regresyon ve Pearson korelasyon analizleri ise
MINITAB 16 programi (Minitab Inc., State College, TX,
ABD) kullanilarak yapilmistir.
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Results: According to the results of the study, it was
determined that there was no statistically significant
difference between the conventional ISO 4833:2003 and
TEMPO TVC methods with respect the accuracy of total
aerobic mesophilic bacteria count results. Similarly, it
was found that there was also no statistically significant
difference between the conventional 1SO 21528-2:2004
and TEMPO EB methods in terms of the accuracy of

Enterobacteriaceae count results.

Conclusion: It was concluded that microbiological
analysis performed by TEMPO rapid test system
is more advantageous, because it is significantly
decreased duration of analysis, analysis cost, ease
of operation and risk of contamination according
to the conventional ISO methods both the number
of total aerobic mesophilic microorganism and

Enterobacteriaceae counts.

Key Words: poultry, Enterobacteriaceae, total
aerobic mesophilic microroganism, microbiological

techniques.

Bulgular: Calismanin sonuclarina gére toplam

aerobik mezofilik bakteri sayim sonuclarinin
dogrulugu acisindan klasik SO 4833: 2003 ve
TEMPO TVC yontemleri arasinda istatistiki olarak
bir farkin bulunmadigi belirlenmistir. Ayn1 sekilde,
Enterobacteriaceae sayim sonuclarinin dogrulugu
acisindan klasik 1SO 21528-2: 2004 ve TEMPO EB
yontemleri arasinda da istatistiki olarak bir farkin

bulunmadigi tespit edilmistir.

Gerek

mikroorganizma,

Sonug: toplam aerobik  mezofilik

gerekse Enterobacteriaceae

sayimlarinda klasik ISO yontemlerine gore, analiz

siresi, analiz maliyeti, calisma kolayligi ve

kontaminasyon riskinin onemli oranda dusiik olmasi

nedeniyle TEMPO hizli test sistemi ile yapilan
mikrobiyolojik analizlerin daha avantajli oldugu
sonucuna varilmistir.

Anahtar Kelimeler: kanatl eti,
Enterobacteriaceae, toplam aerobik mezofilik

mikroorganizma, mikrobiyolojik teknikler.

INTRODUCTION

Increased production and consumption of
poultry products concordantly give rise to increased
measures in food safety within this industry (1). This
is because a majority of the cases involved in food
infection and intoxication worldwide originates from
poultry (2). According to the report published by
FAO/WHO in 2002 (3), it was indicated that 26% of
food borne epidemic diseases were due to poultry

and products.

Detection of presence or a higher level of an
indicator microorganism from predefined values
suggests that the relevant product is produced
under such conditions that can be contaminated by
pathogenic and toxigenic microorganisms (4). Several
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microorganisms can be used as an indicator of hygiene
in poultry. More specifically, the enumeration of total
aerobic mesophilic microorganism has a particular
importance due to offering a more coverage of
microorganisms as well as providing a general insight
of hygiene about products (5).

The Enterobacteriaceae family includes many
kinds of bacteria containing coliform bacteria, fecal
coliforms, Escherichia coli, etc. as well as Proteus
spp., Salmonella spp., and Aeromonas spp. Therefore,
a close relation is found between the total counts
of Enterobacteriaceae and fecal contamination.
Thanks to the analyses involving Enterobacteriaceae
and coliform bacteria, it becomes possible to make



an assessment on whether a food is produced under
hygiene conditions or not (6).

Microbiological analysis methods can be
categorized into conventional and rapid methods.
Rapid detection of microbiological risk factors is
important in terms of both ensuring quality assurance
and protecting the public health in the food industry.
For this reason, several alternative methods were
developed in order to shorten the duration of
analysis in food microbiology (7). Many samples can
be examined in a shorter time by means of nhumerous
automatic analysis systems, one of which is called
TEMPO system, developed by bioMérieux (8). TEMPO
is an automated system based on the most probable
number (MPN) technique, equipped with filling, and
reading units in order to detect the microorganisms
used as the quality indicator. In this system, analysis
can be performed by using a card comprising a total

of 48 wells across three different dilution levels (9).

In this study, we aim to compare the conventional
ISO methods and TEMPO rapid test methods for
determining the enumeration of total
mesophilic bacteria (TAMB) and Enterobacteriaceae
in naturally contaminated poultry products.

aerobic

MATERIALS AND METHODS

Sample Preparation

A total of 123 samples of raw poultry products
either supplied as whole carcass or mechanically
separated were collected from different retail
markets in Bolu province of Turkey in 2011-2012,
and were immediately transported in insulated
cooler boxes to the laboratory, Bolu Food Control
Laboratory Directorate. Samples were stored at
4°C until analysis. Naturally contaminated samples
included: whole raw chicken (38), whole chicken
legs (14), breast fillets (12), whole chicken wings
(11), drumsticks (10), chicken thigh cutlets (10),

chicken leg quarters (7), chicken cutlets (6), chicken
tenderloin (5), chicken thigh cutlets with skin (5)
and deboned turkey cutlets (5). The samples arrived
under cold-chain were subjected to analysis without
any delay using the conventional ISO 4833 method
(10) and TEMPO TVC (Total Viable Count) rapid test
method (11) for determining the enumeration of
TAMB, and the conventional I1SO 21528-2 method
(12) and TEMPO EB (Enterobacteriaceae) rapid test
method (13) for determining the enumeration of
Enterobacteriaceae in microbiology laboratory.

Homogenization of samples

A sample of 10 g from poultry was placed into a
homogenizer bag with filter (stomacher bag) under
sterile conditions and 90 mL of buffered peptone
water was added into the bag, yielding a dilution
ratio of 1/10. It was then homogenized for two
minutes using stomacher (AES Chemunex, France),
thus making an initial suspension ready. From the
initial suspension, a series of dilutions (10-2, 10-3)
were prepared using tubes each containing 9 mL
Ringer solution (Merck, Germany).

Enumeration of TAMB by conventional
methods

TAMB
procedures described in standard ISO procedure
ISO 4833:2003 Horizontal method for
the enumeration of microorganisms (Colony-Count
Technique at 30°C) (10).

count was performed according to

numbered

Enumeration of TAMB by TEMPO TVC

3 mL of distilled sterile water was added into
the lyophilized TEMPO TVC medium (bioMérieux,
France), and the mixture was blended by vortex
(IKA, Germany) to allow the medium dissolved. One
mL of initial suspension with a dilution rate of 10-1
was added into the medium ready for inoculation.
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All the medium inoculated (4 mL) was filled into
TEMPO TVC test cards using TEMPO filler entity.
When completed the filling process, the cards were
placed to incubation racks to perform the incubation
process at a temperature of 30 + 1°C for about 40-48
hours. At the end of the incubation, the cards were
read by TEMPO reader system and the results were
recorded. During this operation, the reader above
scans the barcode of each card and interprets the
fluorescent radiation occurred in the wells. Hence,
it automatically matches the name of the sample
with type of the test, dilution rate and the resulting
count, followed by screening the results (11).

Enumeration of Enterobacteriaceae by
conventional methods

Enterobacteriaceae counting was performed
according to procedures described in standard I1SO
procedure numbered [SO 21528-2:2004-Horizontal
method for the detection and enumeration of
Chapter 2:

Enterobacteriaceae Colony-Count

Technique (12).

Enumeration of Enterobacteriaceae by
TEMPO EB

Three mL of distilled sterile water was added
into the lyophilized TEMPO EB medium (bioMérieux,
France), and the mixture was blended by vortex
(IKA, Germany) to allow the medium dissolved. One
mL of initial suspension with a dilution rate of 10-1
was added into the medium ready for inoculation.
All the medium inoculated (4 mL) was filled into
TEMPO EB test cards by using TEMPO filler entity.
When completed the filling process, the cards were
placed to incubation racks to perform the incubation
process at a temperature of 35 + 1°C about 22 - 27
hours. At the end of the incubation, the cards were
read by TEMPO Reader system and the results were
recorded (13).
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Statistical analyses

A statistical comparison was performed between
the log counts from TAMB and Enterobacteriaceae by
using both methods. During statistical calculations,
MS Office Excel (Microsoft,
performing descriptive statistical tests (Anderson -
Darling Test) and F-test, whereas Minitab 16 (Minitab
Inc. USA) was used for linear regression analysis and

USA) was used for

Pearson correlation analyses.

RESULTS

Since the results of 23 and 38 samples out of 123
samples analyzed were not within the identifiable
range (lower; not found <10 cfu/g or more;
>4.9x104,5,6 cfu/g) in detecting and enumerating
the total aerobic mesophilic microorganisms and
Enterobacteriaceae respectively; they were not

taken into account of statistical calculations.

The results from the enumeration of total aerobic
mesophilic microorganisms based on both methods
given in Table 1.

Regarding the descriptive statistical results,
a slight difference of 0.02 log cfu/g was observed
between the average values, and the standard
errors related to the values obtained based on both
methods in the analysis of total aerobic mesophilic

microorganisms counts.

F-test was performed in order to determine
whether there is any difference between the
variance of the results obtained. The test results
are shown in Table 1. As the critical value of two-
tailed F test (1.49) was more than F value (1.05),
no statistically significant difference was found with
a probability of 95% between the variances (0.64
and 0.61) obtained from the analyses by using both
methods. As a result of Pearson correlation analysis,
the coefficient of Pearson correlation between ISO
4833:2003 and TEMPO TVC methods were found to
be 0.813. The results from analyses with correlation



Table 1. The number of samples used in the statistical comparison of TAMB between I1SO and TEMPO TVC methods and
descriptive statistical results

Mean values of results
Number of

sample samples Number of (log cfu/g)

analyzed data evaluated ISO 4833 TEMPO TVC
Whole raw chicken 38 35 4.03 + 0.86 4.02 + 0.83
Whole chicken legs 14 13 3.66 + 0.56 3.70+ 0.84
Chicken breast fillets 12 11 4.04 £1.13 4.19 + 0.81
Whole chicken wings 11 2 4.90 + 0.20 5.07 + 0.46
Chicken drumsticks 10 10 4.29 + 0.29 4.12 + 0.69
Chicken thigh cutlets 10 4 4.10 + 0.67 4.27 + 0.50
Chicken leg quarters 7 6 4.28 + 0.26 4.18 £+ 0.27
Chicken cutlets 6 4 3.28 + 1.09 3.30 £ 1.37
Deboned turkey cutlets 5 5 3.74 + 0.51 3.69 + 0.82
Chicken tenderloin 5 5 3.14+0.28 3.28 +0.30
Chicken thigh cutlets with skin 5 5 3.98 £ 0.22 4.10 £ 0.39
Total 123 100

Descriptive statistical results

Mean 3.95 3.97

Standard deviation 0.78 0.80
Variance 0.61 0.64

Number of data evaluated 100 100
Confidence level (95%) 0.15 0.16

F-test for two methods regarding the variance

Observation 100.00 100.00
Df 99.00 99.00
H 1.05
F critical two-tailed 1.49
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coefficient ranging from 0.75 to 1.00 indicated a high
correlation between these groups compared (14).
Accordingly, it is obvious that the results obtained
from both methods are consistent. The following
equations are deduced from the results of linear
regression analysis:

log,, TEMPO TVC = 0,6768 + 0,8326IS0
4833:2003 log,, (Figure 1).

The results of Enterobacteriaceae count from
samples are given in Table 2 according to the analyses
based on both methods.

Referring to the descriptive statistical results
shown in Table 2, when compared the mean values
obtained from both methods, the mean value of
TEMPO EB method was higher than that of 1SO 21528-

2:2004 method. A difference of 0.45 log cfu/g was
also observed between the mean values of both
methods, with the standard deviation and variance
being the same. As a result of Pearson correlation
analysis, the coefficient of Pearson correlation
between I1SO 21528-2:2004, and TEMPO EB methods
were found to be 0.822. The results from analyses
with correlation coefficient ranging from 0.75 to
1.00 indicated a high correlation between these
groups compared (15). Accordingly, it is obvious that
the results obtained from both methods are highly
consistent. The linear regression analysis yielded the
following equation:

log,, TEMPO EB = 0,7876 + 0,8303ISO 21528-
2:2004log,, (Figure 2).

Fitted Line Plot
TEMPO TVC = 0,6768 + 0,8326 ISO 4833:2003

s 0466913
R-Sq 6,0%
RSq(adi)  657%

IS0 4833:2003

Figure 1. Linear regression of TEMPO TVC versus 1SO 4833
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Table 2. The number of samples used in the statistical comparison of Enterobacteriaceae counts between SO 21528-2
and TEMPO EB methods and descriptive statistical results

Number of

Mean values of results

Sample samples Number of Lefai)

analyzed data evaluated ISO 21528-2 TEMPO EB
Whole raw chicken 38 26 4.03 + 0.86 4.02 + 0.83
Whole chicken legs 14 7 3.66 + 0.56 3.70 £ 0.84
Chicken breast fillets 12 11 4.04 +1.13 4.19 + 0.81
Whole chicken wings 11 5 4.90 + 0.20 5.07 + 0.46
Chicken drumsticks 10 8 4.29 +0.29 4.12 + 0.69
Chicken thigh cutlets 10 4 4.10 + 0.67 4.27 + 0.50
Chicken leg quarters 7 7 4.28 + 0.26 4.18 £+ 0.27
Chicken cutlets 6 3 3.28 +1.09 3.30 £ 1.37
Deboned turkey cutlets 5 5 3.74 £ 0.51 3.69 +0.82
Chicken tenderloin 5 5 3.14 £+ 0.28 3.28 + 0.30
Chicken thigh cutlets with skin 5 4 3.98 £ 0.22 4.10 £ 0.39
Total 123 85

Descriptive statistical results

Mean 1.98 2.43
Standard deviation 0.68 0.68
Variance 0.46 0.46
Number of data evaluated 85.00 85.00
Confidence level (95%) 0.15 0.15
F-test for two methods regarding the variance

Observation 85.00 85.00
Df 84.00 84.00

H 1.02

F critical two-tailed 1.54
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Fitted Line Plot
TEMPO EB = 0,7876 +0,8303 ISO 21528-2:2004

TEMPO EB

S 0,392759
R-Sq 67,5%
R-Sq(adj) 67,1%

T T
1,0 i3 2,0 25
IS0 21528-2:2004

T
3,0 35 4,0

Figure 2. Linear regression of TEMPO EB versus I1SO 21528

DISCUSSION

The mean values of samples analyzed according
to TEMPO TVC and the conventional I1SO 4833:2003
methods were found to be 3.97 log cfu/g and 3.95 log
cfu/g respectively. In a study conducted by Line et al.
(15), a number of 120 samples of chicken raw carcass
from production line before, and after freezing
process were analyzed by using TEMPO TVC and the
conventional microbial colony enumeration methods.
It was found that the mean values obtained by both
methods were 3.09 log cfu/g and 3.02 log cfu/g before
freezing, whereas they were 1.53 log cfu/g and 1.31
log cfu/g after freezing, respectively.

Linear regression and Pearson correlation analyses
were performed in order to measure the compliance
levels of both methods. In a study conducted by
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Line et al (15) involving a number of 120 samples of
chicken raw carcass from production line before and
after freezing process, the carcass samples before
freezing were analyzed according to TEMPO TVC and
the conventional microbial colony count methods,
and a high correlation coefficient of 0.972 was found.
However, when using the samples after freezing, the
correlation coefficient was found to be 0.710 between
TEMPO TVC and the conventional rapid test methods.

Paulsen et al., (16) suggested in their study
involving the analysis of a number of 180 naturally
contaminated mince samples as well as samples from
carcass surfaces that there was a high correlation
coefficient of 0.99 between TEMPO TVC rapid test
method and the conventional colony count technique.



In a study of raw meat and mince, in order to
determine the number of TAMB, both the TEMPO
system and German official method were used, and the
results were compared. A high correlation coefficient
of 0.975 was found between the results from both
methods (17).

In a study conducted by Paulsen et al., (18) involving
the analysis of a number of 190 samples from naturally
contaminated food in terms of Enterobacteriaceae
count, the mean # standard deviation was calculated
as 2.540 + 1.026 log cfu/g by using the conventional
ISO 21528-2:2004 method, whereas it was found to
be 2.456 + 1.014 log cfu/g by using TEMPO EB rapid
test method. Linear regression and Pearson correlation
analyses were performed in order to measure the
compliance levels of both methods.

In one study conducted by Katase and Tsumura
(19), involving a number of 171 samples of artificially
contaminated processed soy products for determining
the count of Enterobacteriaceae, they found a higher
correlation coefficient than 0.98 between TEMPO
EB and ISO 21528-2:2004 methods, suggesting also a
higher value as compared to our result (19).

In a study involving a linear regression analysis of a
number of 47 samples using TEMPO EB and 1SO 21528-
2:2004 methods, Owen et al., (6) found a correlation
coefficient of 0.75 between both methods, suggesting
a lower value as compared to our result.

In their study, Paulsen et al., (20) used
both the conventional I1SO and TEMPO rapid test
methods together in order to determine the number
of Enterobacteriaceae in 98 various food samples.
However, we tested a lower degree of 30°C as
incubation temperature in this study instead of 35°C
and 37°C as recommended by the above methods.
Accordingly, the results obtained at 30°C were found
to be higher than those performed at 37°C and 35°C
using 1SO and TEMPO methods, respectively.

In  conclusion, considering the results of
enumeration obtained from this study as well as the
statistical evaluations, no statistically significant
difference was found between the results obtained by
the TEMPO rapid test method and the conventional ISO
test method in terms of TAMB and Enterobacteriaceae
counts in poultry. However, the TEMPO rapid test
method has the following advantages over the
conventional ISO method:

In the detection of TAMB counts, the TEMPO TVC
culture medium vyielded results after 40-48 hours,
whereas the conventional SO 4833:2003 method
produced results only after 48-72 hours. Therefore, it
makes a significant advantage especially in food plants
as the analysis results can be determined one day
earlier by using TEMPO system.

As to the detection of Enterobacteriaceae count,
although both the TEMPO EB culture medium and ISO
21528-2:2004 yielded negative results after 24 hours,
positive results could be provided again after 24
hours by TEMPO EB system while the conventional ISO
method could yield only after 72 hours for verification.
Therefore, the TEMPO EB system is suggested to be
more advantageous in the sense of time.

The results from TEMPO system are by no
means subjected to any verification and thus, they
are considered to be absolute results. However,
verification should be done by conventional 1SO
method, which increases the cost due to increased
time and consumable material quantity, resulting in an
increased labor.

As the culture medium is in the form of liquid in
TEMPO system, the better growth of weak bacteria
under stress and thus the more accurate result can
be achieved. Particularly for the laboratories with
an excessive number of daily samples and routine
microbiological analyses, TEMPO rapid test system
is considered to having the advantage over the
conventional method.
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