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Abstract: The objective of the study was to determine the effect of freezing broiler neck skin samples
before their microbial analysis, compared to freshly examined samples regarding total viable count
(TVC) and Enterobacteriaceae count (EC). For this, 300 neck skin samples were taken at a German
commercial broiler abattoir and each neck skin sample was cut into two parts. One randomly selected
part underwent microbial examination after storage at 4 ◦C overnight; the other part was frozen
at −30 ◦C for eight weeks before analysis in the same laboratory. Log cfu/g values of TVC and
EC were separately compared between the fresh and frozen neck skin samples. A difference up
to 0.5 log values was set as acceptable, i.e., fresh and frozen samples with counts that differed by
this amount were considered as not different. The differences between the grouped samples of
fresh and frozen broiler neck skin regarding both TVC and EC levels were less than 0.5 log values.
Thus, it can be assumed that broiler neck skin samples, both fresh and frozen for eight weeks, are
suitable for microbiological examination, as the TVC and EC results showed equivalence. Therefore,
freezing broiler neck skin samples can be an option to maintain viable bacteria levels in broiler
neck skin samples taken for microbiological examination in process control, when freezing and later
examination is necessary due to insufficient laboratory capacity for the examination of fresh neck
skin samples.

Keywords: total viable count; Enterobacteriaceae count; equivalence test; microbial comparison

1. Introduction

Broiler carcasses at poultry abattoirs and processing plants can be contaminated with
different bacteria, e.g., Gram-negative Enterobacteriaceae like Escherichia coli and Salmonella
spp. as well as other potential human pathogens such as Campylobacter spp. [1,2]. Other
sources of bacterial contamination of broiler meat can be slaughter and processing plant
equipment and environments as well as slaughter personnel, from which a severe risk of
cross-contamination emanates [3–5]. To monitor the hygienic status of broiler meat, it is
necessary to reliably evaluate the microbial status of broiler carcasses in a standardized
way. Neck skin taken at slaughter can be seen as a pooled sample of the carcass’ surface, as
broilers are processed head down, with all fluids running over the neck skin [6]. Moreover,
following the European Regulation (EC) No. 2073/2005 [7], the use of neck skin samples
is required for process controls in broiler abattoirs. Neck skin tissue can be seen as the
preferred sample type because neck skin can be taken easily without removing carcasses
from the slaughter line [8]. Additionally, this carcass part has low nutritional and economic
value, and taking this part of a broiler carcass as a sample for analysis is less destructive than
other sample types/methods [9]. Furthermore, skin tissue removal was previously shown
to be the most precise and accurate sampling method representing the skin contamination
of poultry carcasses [10].
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Bacterial multiplication requires certain physical conditions depending on the species.
One of these conditions is the right temperature. Most zoonotic pathogens are adapted
to the human body temperature and multiply and grow within a temperature range of
20 to 40 ◦C [11]. Because low temperature measurably controls microbial activity, especially
mitosis, freezing has become a very important procedure for food preservation [12,13].
The two conditions that do not allow microbial multiplication are appropriately low water
activity (aW) and low temperature [14]. In meat, microbial multiplication stops at tempera-
tures lower than −10 to −12 ◦C [15–17], while the total inhibition of cellular metabolism in
animal tissues occurs at −18 ◦C [16].

Following Rahman and Velez-Ruiz (2007) [12], up to 60% of a microbial population
is killed during freezing, but the proportion of the remaining bacteria gradually increases
during the freezing process [18]. A reduction of 60% of the aerobic mesophilic cell count
occurred after long-term storage for one year at −30 ◦C [19]. The surviving microbial
species found in thawed frozen meat were almost identical to those found before freezing,
but they can occur in lower numbers. Moreover, after thawing, the surviving bacteria can
multiply to such an extent that their count can reach the initial value [20]. Schmidt-Lorenz
and Gutschmidt (1969) [19] found no influence on the quantitatively measured total viable
count (TVC) after one year’s storage at −30 ◦C, even though the proportions of Gram-
positive and Gram-negative bacteria changed compared to their initial proportions. Speck
and Ray (1977) [14] concluded that most bacteria are only damaged during frozen storage,
but not killed. Influencing factors are the speed of freezing, the storage temperature, and
duration and, in addition to the type of bacteria, the protective substances contained in the
surrounding matrix [15,21].

If freezing occurs quickly, it is more likely that only small crystals form in the matrix
surrounding the bacteria. When compared to large crystals, which occur during slow
freezing, small crystals lead less frequently to the death of the bacteria present [14]. Higher
temperatures, around −2 ◦C, were more likely to kill bacteria [12,22] during storage. In
general, Gram-positive bacteria are more resistant to freezing death than Gram-negative
bacteria, e.g., Enterobacteriaceae [12,15]. This was proven by several authors for different
foods, such as milk, deep-frozen poultry meat, pork, rustic crossbred beef, frozen vegeta-
bles, and other food products [21,23–28]. However, after thawing, bacteria can multiply
again [24], and even after storage at low temperatures around −80 ◦C, recovery rates of
98% were reported for cultures of Gram-negative and Gram-positive bacteria [29]. This
phenomenon of growing after a freezing period is used for the storage of pure bacteria
cultures in laboratories. For this purpose, storage at −80 ◦C is usually used. The bacterial
isolates are added to media that contain glycerol or other cryoprotective supplements such
as dimethyl sulfoxide (DMSO). This procedure allows storage for up to ten years at −80 ◦C
without relevant negative consequences [30,31].

Several authors investigated the effect of storing foods at different freezing tempera-
tures on the bacteria present. They concluded that there was no change in the total bacterial
counts in various foods, including vegetables, milk, raw sausages, or poultry, when foods
were stored frozen for a few days or up to over twelve months at temperatures from −18 to
−25 ◦C (mainly storage at −20 ◦C was examined) [24–26,32,33]. For high-fat foods stored
at −20 ◦C for three days, Böhmler et al. (2008) [34] could not find significant changes in
microbial counts. They concluded that this practice, as allowed in special cases in DIN
EN ISO 7218:2014-02 (Microbiology of food and animal feeding stuffs—General require-
ments and guidance for microbiological examinations) [35], can be used for the analysis of
food samples.

Our study deals with the question of whether frozen then thawed samples of broiler
neck skin are as suitable for hygienic assessment as fresh samples of broiler neck skin
for process controls using TVC or Enterobacteriaceae counts. More precisely, is there
a difference in the bacterial loads between fresh and frozen/thawed broiler neck skin
samples, for those bacteria that represent the microbial status of the samples? To answer
this question, we compared the TVC and EC of broiler neck skin samples before and after
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a freezing period of eight weeks. Such information may be used in scientific works to
evaluate the microbial status of skin samples of broiler carcasses.

2. Materials and Methods
2.1. Sampling

A total of 300 broiler neck skin samples were taken on six different days at a commercial
broiler abattoir in eastern Germany. In this abattoir, broilers are stunned with carbon
dioxide. For scalding, a counterflow scalding tank with pasteurization of the scalding water
operating with water temperatures from 52 to 54 ◦C is in use.

Neck skin samples were taken with sterile forceps and single-use scalpels at the end
of the slaughter line directly before the carcasses enter the chilling area. Each neck skin
sample was split into two parts, and each part was placed in a separate sterile blender
bag. Samples were chilled and transported to the laboratory directly after collecting. The
weights of the 300 neck skin samples ranged from 3.14–27.82 g (mean weight per sample:
9.65 g). For the split parts (see immediately below), the weight ranges were: fresh samples
1.51–17.22 g; frozen samples 1.19–10.92 g

In the laboratory, one part of each neck skin sample was randomly chosen for freezing
and was stored in a sterile blender bag (the type used for sampling) for eight weeks at
−30 ◦C before analysis. The other part of each neck skin sample was stored in another
sterile blender bag at 4 ◦C in a refrigerator until analysis started the following day.

2.2. Microbial Examination

Microbial analysis included the enumeration of the TVC by drop-plating according to
the German standardized norm DIN 10161:2016-12 (Microbiological analysis of meat and
meat products—Aerobic count at 30 ◦C—Drop-plating method) [36] and of the EC accord-
ing to the German standardized norm DIN 10164-2:2019-06 (Microbiological examination
of meat and meat products—Determination of Enterobacteriaceae—Part 2: Drop-plating
method) [37].

The day after sampling, the examination of the neck skin parts stored in the refrigerator
was conducted. First, all samples were weighed and diluted 1:10 in Buffered Peptone Water
(BPW, Merck KGgA, Darmstadt; item ID: 1.07228.0500) and dilution series in sodium
chloride peptone agar up to 10−6 for TVC and to 10−4 for EC were created. From each
dilution, 0.05 mL was dropped on agar plates in duplicates. For TVC, Standard I agar
(Standard I nutrient agar, Th. Geyer GmbH & Co. KG, Renningen, item ID: 8152.0500)
and for EC, VRBD agar (Violet Red Bile Dextrose agar) (Merck KGgA, Darmstadt, item ID:
1.10275.0500) were used as culture media.

After an incubation period of 48 h at 30 ◦C, colony-forming units (cfu) were counted
and transformed to logarithmic values to the power of 10 to achieve a normal distribution.
Counts of 5 cfu and more were included in the results (according to DIN 10161:2016-12 and
DIN 10164-2:2019-06 [36,37]). In cases of counts of 1–4 cfu, the value of log 3.0 cfu/g was
used, and in cases of no cfu being visible in the lowest dilution, the log count was set to
2.3 log cfu/g according to the respective DIN [36,37]. These cases were highlighted in the
data tables used for statistical analysis as “below minimum limit of detection”.

After the freezing period of eight weeks, the frozen neck skin sample parts were
thawed and afterwards examined in the same way as the fresh parts of the samples before.
Thawing of the samples of frozen neck skin parts was achieved by completely defrosting
them on a rack in a refrigerator at +4 ◦C for 30 min. Afterwards, a small batch of these
samples was taken out of the refrigerator and kept at room temperature for weighing before
diluting as described above. Then, TVC and EC were determined as described above for
fresh samples following the appropriate DIN [36,37].

2.3. Statistical Analysis

Mean log levels for TVC and EC on fresh and frozen neck skin samples were tested
for a normal distribution using descriptive statistics and visual inspection.
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In a second step, results for TVC and EC in log cfu/g were tested for equality fol-
lowing Thrusfield (2008) [38]. For this, for each pair of TVC and EC from one sample, the
difference was calculated. Then, the 99% confidence interval of the differences was assessed.
Differences between the dependent samples including the 99% confidence interval were
calculated. Following Hübner et al. [39] cited in [40,41], a difference of ±0.5 log cfu/g was
set as the acceptable value of difference, i.e., if the difference between the fresh and frozen
samples with regard to TVC or EC values was not larger then ±0.5 log cfu/g, it can be
concluded that the bacteria level is equal on these two sample types. If the 99% confidence
interval is completely within the range of ±0.5 log cfu/g, it can be assumed with 99%
confidence that the two sample types have equal values, individually, of TVC and EC.

3. Results

Bacteria counts (log cfu/g) for all sample parts examined were normally distributed.

3.1. TVC and EC Levels

TVC levels on fresh neck skin ranged from 3.48 to 7.11 log cfu/g, with a mean level of
4.88 log cfu/g (SD = 0.484). On frozen-then-thawed neck skin samples (hereafter called
frozen samples), TVC levels ranged from 3.08 to 6.49 log cfu/g with a mean level of
4.81 log cfu/g (SD = 0.470) (Figure 1).

Figure 1. Boxplots of total viable counts for fresh and frozen broiler neck skin samples. (Asterisk and
circles indicate outliers; asterisk: > or <3 SD from mean, circle: > or <1.5 SD from mean).

On fresh neck skin, EC levels ranged from 2.30 to 6.32 log cfu/g, and the mean level
was 3.25 log cfu/g (SD = 0.440). EC on frozen neck skin ranged from 2.30 to 5.28 log cfu/g,
and the mean level was 3.10 log cfu/g (SD = 0.415) (Figure 2).



Appl. Sci. 2022, 12, 6701 5 of 9

Figure 2. Boxplots of Enterobacteriaceae counts for fresh and frozen broiler neck skin samples.
(Asterisk and circles indicate outliers; asterisk: > or <3 SD from mean, circle: > or <1.5 SD from mean).

3.2. Tests for Equivalence

As expected, mean bacteria levels on frozen neck skin were lower than levels on
fresh neck skin. Confidence intervals (99%) were −0.004 to 0.149 log cfu/g for TVC and
0.069 to 0.209 log cfu/g for EC. The mean pairwise differences in TVC (0.072 log cfu/g) and
EC (0.150 log cfu/g) between the fresh and frozen neck skins and calculated confidence
intervals are shown in Figure 3. Since this difference was within the range of ±0.5, equality
between the pairs for TVC and EC (separately, and in log counts) can be assumed.

Figure 3. Pairwise differences and 99% confidence intervals for total viable count and Enterobacteri-
aceae count of fresh and frozen broiler neck skin.

3.3. Samples with Bacteria Counts for EC Below Minimum Limit of Detection

In total, 150 fresh neck skin samples and 196 frozen neck skin samples harbored
bacteria levels below the minimum limit of detection for EC (1–4 cfu on the countable
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sectors or no growth (0 cfu)). Differences were seen between bacteria counts on fresh and
frozen neck skin. No growth for EC was observed in four fresh neck skin samples and in
28 frozen samples. Comparing these four fresh neck skin samples without growth for EC
with their respective fresh sample pairs, we observed growth in only two of these respective
fresh samples.

From 146 fresh neck skin samples with 1–4 cfu in the lowest dilution (log 3.0), 119 of
the paired frozen samples also had bacteria levels below the minimum limit of detection. In
20 samples thereof, no growth of bacteria could be seen at all. After freezing, EC numbers
of another 77 neck skin samples were below the minimum limit of detection.

4. Discussion

Overall, our results showed that freezing and storing for eight weeks at −30 ◦C had
no significant effect on the microbial load (TVC or EC) of broiler neck skin samples. The
detected differences in bacteria levels on fresh and frozen neck skin samples were within
the maximum accepted measurement of uncertainty in microbiology laboratory analyses.
The observed differences can be considered to be methodologically and biologically irrele-
vant [39] cited in [40,41]. Similar results regarding the effect of freezing on TVC and EC
were shown in other investigations on different food products, vegetables, milk, and meat
products [21,32–34,42–44].

Freezing places bacteria in a dormant state, but is also a common method of storing
bacterial cultures. Green et al. (2007) [29] showed recoveries of up to 98% for cultures of
Gram-positive and Gram-negative bacteria after storage in −80 ◦C in glycerol for 564 days.
Similar to glycerol or other media used for storage of highly concentrated bacterial sus-
pensions [31], our results and those of other authors for frozen vegetables, meat products,
and other food products showed that the food matrix seems to have a certain protective
effect during freezing [21,33,44]. The bacterial load, TVC or EC, did not change when
the foods were stored frozen. In our study, we suspect that the fat present in the neck
skin had a protective effect, and, in addition, we observed that the samples were entirely
frozen very quickly due to their low volume, so we presume that the bacteria present were
not destroyed and could start proliferating again after thawing. This assumption is in
concordance with Speck and Ray (1977) [14], who reported that rapid freezing resulted
in small cellular ice crystals which did not damage the bacteria as much as slow freezing,
which results in large ice crystals. Additionally, rapid thawing results in less lethal damage
to bacteria [14]. These two factors can be assumed to be the case for the examined frozen
neck skin samples in our study, as they had a low volume and mass and, thus, were frozen
and thawed quickly.

Therefore, the temperature of −30 ◦C is suitable for freezing neck skin samples and
for limited storage of such samples before further analysis, even if this temperature is not
common in food storage or for laboratory purposes. However, freezing can result in the
death of individual bacteria fractions while other fractions of bacteria can proliferate after
thawing [19]. Consequently, the detectable numbers of cfu/g in quantitative TVC and
EC studies can remain almost the same. Anyway, individual neck skin samples in our
study with EC below the minimum limit of detection showed that Enterobacteriaceae (or
Gram-negative bacteria in general) enumerated with the EC technique are more sensitive
to freezing than Gram-positive bacteria. This is in concordance with other studies looking
at the effects of freezing at temperatures around −20 to −25 ◦C on bacteria numbers in
different kinds of foods [19,21,28,33,44]. Petzer et al. (2012) [45] showed that freezing at
different temperatures for at least 16 weeks did not influence the survival of common
mastitis pathogens in mastitis milk samples in South Africa. Lower detection rates for
E. coli when compared to Gram-positive bacteria were observed, but the authors suggest
that storing milk samples at −20 or −196 ◦C can be used in South Africa for improving
udder health management [45].

Altogether, we conclude that, in our study, the effect of freezing the broiler neck skin
samples on the mean microbial loads was small, as the tests for equivalence, comparing
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mean loads on fresh and frozen samples, showed equality. Similar results were reported
by Böhmler et al. (2008) [34] for the investigation of cream and bakery products with
non-heated fillings. Thus, the deep freezing (at a minimum of −18 ◦C) of very-perishable
samples (such as shellfish) or perishable samples (such as fish and raw milk) for transport,
as allowed by DIN EN ISO 7218:2014-02 [35], can also be considered as an option for broiler
neck skin samples when direct laboratory analysis is not possible. However, it should be
noted that an influence, especially on Gram-negative bacteria, cannot be excluded.

To the best of our knowledge, this study is the first to compare both TVC and EC
on paired fresh and thawed broiler neck skin samples from the same animals. To sum
up, the analysis of fresh and frozen then thawed broiler neck skin samples showed they
had comparable levels of both TVC and EC. Therefore, for microbial examination in the
laboratory, we suggest that freezing broiler neck skin samples (taken for process hygiene
purposes) at −30 ◦C is an option when laboratory analysis can only be performed after
a delay. Nevertheless, this storage technique cannot be standard for all process hygiene
analyses, as outcomes likely also depend on freezing conditions such as the temperature,
time, and sample matrix.
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