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Abstract 
 

The effect of rapid chilling of pork carcasses on bacterial populations was examined. Two 
regimes of rapid chilling were applied: treatment 1 (at –31°C in the first 3 h of chilling, and then at 
2–4°C till 8 h post-mortem) and treatment 2 (at –31°C in the first 3 h of chilling, and then at 2–4°C 
till 24 h post-mortem). 

Microbiological sampling of pork carcasses was obtained by swabbing. Swab samples were 
analyzed for total aerobic count and for Enterobacteriaceae. Rapid chilling did not affect (P > 0.05) 
total aerobic counts on surface of pork carcasses. Chilling treatment 1 did not significantly decrease 
(P > 0.05) the Enterobacteriaceae count, while chilling treatment 2 highly significant decreased (P = 
0.001) the Enterobacteriaceae count on the surface of pork carcasses. 

Based on the results found in this study, applied rapid chilling regime can reduce the number 
of carcasses positive for the presence of Enterobacteriaceae. 
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Introduction 
 

During the slaughtering process, microbial contamination of animal carcasses is 
unavoidable (Bolton & al. [2]; Chung & al. [9]; Pearce & al. [38]). This phenomenon 
represents one of the most critical quality and safety issues faced by the pork industry (Epling 
& al. [16]). In this sense, many papers demonstrated the possibility of providing baseline data 
on the types and levels of bacterial contamination on carcasses, to identify potential measures 
which can be used to control the hazard during pork slaughter, and to investigate the effects of 
the main steps of the slaughter/dressing process on the prevalence of microorganisms during 
pork production (Borch & al. [3]; Pearce & al. [38]; Spescha & al. [42]). 

The Commission Decision 2001/471/EC [10] and Commission Regulation (EC) No 
2073/2005 [12] on microbiological criteria for foodstuffs states that food safety is primarily 
ensured by preventive approaches, such as implementation of good hygiene practice and 
application of procedures based on hazard analysis and critical control point (HACCP) 
principles. Microbiological criteria are useful for validation and verification of HACCP 
procedures and other hygiene control measures (Borch & al. [3]; Pearce & al. [38]; Sheridan 
[41]; Spescha & al. [42]). 

Process hygiene criteria for mean log numbers of total aerobic counts and 
Enterobacteriaceae on carcasses (after dressing but before chilling) of pig and other animals 
are given in the Commission Regulation. The performance criteria for the mean total aerobic 
counts (log10CFU/cm2) on pigs are: acceptable < 4.0, marginal 4.0–5.0 and unacceptable > 5.0 
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and for the mean Enterobacteriaceae counts (log10CFU/cm2) are: acceptable < 2.0, marginal 
2.0–3.0 and unacceptable > 3.0 (Commission Decision 2001/471/EC [10]; Commission 
Regulation (EC) No 2073/2005 [12]).  

The European Union microbial performance standards refer exclusively to the excision 
method, even though swabbing using the wet/dry technique is also permitted when correlation 
between both destructive and non-destructive methods can be established (Capita & al. [6]; 
Commission Decision 2001/471/EC [10]; Commission Decision 2004/379/EC [11]; 
Commission Regulation (EC) No 2073/2005 [12]). However, a quantitative conversion factor 
between excision and swabbing has not yet been established. For practical and economic 
reasons, the swab technique is the most extensively used carcass surface sampling method 
(Capita & al. [6]; Zweifel & al. [49]; Lindblad [31]). The relative efficacy of destructive and 
various non-destructive sampling methods have been compared in several studies (Bolton [1]; 
Capita & al. [6]; Gill & Jones [21]; Hutchison & al. [25]; Lindblad [31]; Pearce & Bolton 
[37]). According to Bolton [1] and Hutchinson & al. [25], excision is the most effective 
technique for bacterial recovery from pork carcasses. On the other hand, some studies 
suggested that swabbing with abrasive technique may be a suitable alternative to excision 
(Gill & Jones [21]; Lindblad [31]; Pearce & Bolton [37]). Lindblad [31] even concluded that 
swabbing of a relatively large area is superior to excision of a smaller area, especially when 
trying to detect pathogens such as Escherichia coli or Salmonella (Bolton [1]). 

The purpose of chilling is to remove heat from the carcass. This is accomplished by 
transferring heat from the carcass to the atmosphere or to another material. In order to be 
effective in meat products, heat transfer needs to be done quickly. This is important because 
the temperature of the carcass, the time it takes for the carcass to chill and the rate of pH 
decline must all be taken into consideration. All these factors affect pork quality. 
Furthermore, an increase in shelf life and safety of meat can be accomplished by chilling 
(Huff-Lonergan & Page [24]). Although the effects of chilling on bacteria are not completely 
understood, chilling is known to extend the lag phase of these organisms, thereby reducing the 
overall microbial load on pork samples (Vanderzant & al. [47]). Chilling creates an 
environment that is unfavorable for microbial growth. Therefore, the rapid removal of heat 
from pork carcasses is an essential step in meat production (Huff-Lonergan & Page [24]). 
Chilling is the most widely used and effective means of preserving meat (Cassens [7]). 

Gill & Bryant [18] observed a reduction in the numbers of gram negative bacteria during 
chilling. Pearce & al. [38] reported a slight increase, while Bolton & al. [2] reported a 
significant increase in total counts on pork carcasses after chilling. Another study reported 
bacterial numbers as increasing, decreasing or remaining static, in response to differences in 
processing and chilling methods (Gill & al. [19]; Lenahan & al. [30]). These variations may 
be due to different extrinsic chilling parameters, such as air velocity, relative humidity, 
temperature profile for individual carcasses and carcass spacing (Bolton & al. [2]; Feldhusen 
& al. [17]; Gill & al. [19]; Sheridan [41]), as well as intrinsic factors such as carcass mass and 
fat content, which are rarely reported when the effects of chilling on bacterial contamination 
are examined. Thus, chilling is identified as the critical control point (CCP) in slaughter 
HACCP plan (Bolton & al. [2]; Lenahan & al. [30]; Meat technology update [34]; Meat 
technology update [35]; Sheridan [41]; Spescha & al. [42]; USDA – FSIS [45]; USDA – FSIS 
[46]). For the successful implementation of chilling as a critical control point, to control the 
growth of pathogens on carcasses, critical limits need to be established and validated at each 
plant for the chilling parameters (chill temperature, carcass spacing, air velocity and relative 
humidity) (Gill & Jones [20]; Meat technology update [34]; Meat technology update [35]; 
Sheridan [41]). 
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EU regulation require that all meat temperatures within the carcass must be reduced 
below 7°C before the carcass is further processed or moved from the chiller (Council 
Directive 64/433/EEC 1964 and its amendments [14]). Although no time is specified in the 
regulations, extensive research trials have shown that in conventional chillers average weight 
pork carcasses require at least 16 h (overnight chilling) to cool to 7°C (Brown & James [4]). 
In the USA (USDA – FSIS [46]), pork carcass must begin chilling within 1 hour from 
bleedout, and internal temperature of 4.4°C (40°F) or less must be reached within 24 hours 
post-mortem. 

Three types of chilling systems are commonly used in commercial practices including 
conventional, spray, and rapid/accelerated chilling systems. Rapid or accelerated chilling uses 
temperatures anywhere from –20°C to –40°C, often with an air velocity of 3–5 m/s for 1 to 3 
hours (Huff-Lonergan & Page [24]). Rapid chilling can be an effective method to reduce 
shrinkage, and the incidence of pale, soft, and exudative (PSE) in pork (Savell & al. [40]; 
Tomović & al. [44]). Previous researchers have found that rapid chilling reduced levels of 
carcass contamination and improved keeping quality (Dann [15]; Price & al. [39]; Wernberg 
[48]), whereas Greer & Dilts [22] found that rapid chilling did not improve the quality of the 
pork products. On the other hand, other published reports also demonstrate some disparity in 
the efficacy of rapid chilling as compared with conventional chilling (Carr & al. [5]; Chang & 
al. [8]; Cooper [13]; Gill & al. [19]; Greer & Dilts [22]; James & al. [28]). 

The aim of this study was to determine the effects of a previously defined rapid chilling 
regime (at –31°C in the first 3 h of chilling, and then at 2–4°C till 8 and 24 h post-mortem; 
Tomović & al. [44]) on total aerobic count and Enterobacteriaceae obtained by swabbing of 
pork carcasses surface. 
 
Materials and methods 
 
Animals and slaughter procedure 

Commercial crossbred pigs, castrates and entires, of the same genotype (Duroc boars 
and Landrace x Large White sows), fed and handled at the same farm under identical 
conditions, were used for the investigations. The average live weight of the pigs was 
approximately 100 kg. After transport, which took about 30 min (18 km), pigs were allowed 
to rest for about 2 h in the abattoir. 

Pigs were slaughtered in a commercial abattoir according to routine procedure. Stunning 
was performed electrically (220 V, 2 A, 8–12 s) in a V-restrainer with a pair of stunning 
tongs. After stunning, the animals were shackled by one hind leg, exsanguinated and scalded 
(5 min, 62°C) vertically. Carcasses were then individually placed in a dehairer and any hair 
remaining was removed using flame and knife. The evisceration was finished about 30 min 
post-mortem. 
Rapid chilling regime 

Right carcass sides of 48 pigs were rapid air chilled in the freezing tunnel for 3 h at –
31°C, with an air velocity of 5 m/s, followed by conventional air chilling in temperature 
equalisation chill room at 2–4°C, with an air velocity of 0.5 m/s, till 8 (first 24 right carcass 
sides – Treatment 1) and 24 h post-mortem (second 24 right carcass sides – Treatment 2) 
(Tomović & al. [44]). 
Temperature measurement during rapid chilling 

Temperature was measured in the deep leg, near the femur, in both sides of all carcasses, 
30 min post-mortem (T30min), and in right carcass sides 8 (T8h) and 24 h post-mortem (T24h) 
using a portable digital thermometer with a 12 cm stem (Consort T651, Turnhout, Belgium). 
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Sampling and bacteriology 
Carcass surface samples were collected from carcasses after final trimming at the end of 

the slaughter line, 30 min post-mortem (all 48 left carcass sides), and 8 (first 24 right carcass 
sides – Treatment 1) or 24 h post-mortem (second 24 right carcass sides – Treatment 2). 

Sampling method (non-destructive method – swab technique), sampling location for 
testing of carcasses and microbiological method for the examination of the samples were 
performed according to Commission Decision 2001/471/EC [10] and Commission Regulation 
(EC) No 2073/2005 [12]. As described in detail in this guide for the bacteriological evaluation 
of the surface of carcasses, one sterile medical gauze pad (Lindblad [31]) per carcass was 
used to swab an sampling area of approximately 10 x 10 cm2 at each of the four sampling 
sites: ham, back, belly and jowl (total area 400 cm2). 

Swab samples were analyzed for total aerobic count and for Enterobacteriaceae. 
Enumeration of total aerobic count was performed according to ISO 4833:2003 [26]. 

Incubation was at 30°C for 72 h. 
Enumeration of Enterobacteriaceae was performed according to ISO 21528-2:2004 

[27]. Incubation was at 37°C for 24 h. 
Statistical analysis 

After enumeration, total bacterial counts were converted into log10CFU/cm2 values. 
Statistical analysis of data was undertaken using software package STATISTICA 8.0 
(StatSoft, Inc. [43]). Based on the fact that the data sets were close to normally distributed, a 
independent t-test was performed. 
 
Results and Discussion 
 
Temperature decline in the deep leg during rapid chilling 

Temperature decline in the deep leg is shown in Table 1. There was no significant 
difference (P > 0.05) in the deep leg temperature between left and right carcass sides at 30 
min post slaughter. A temperature of 7°C was achieved in the deep leg within 8 h. This result 
is consistent with our previously reported result (Tomović & al. [44]). 
 

Table 1. Effects of rapid chilling on temperature decline in the deep leg 
Ham temperature (°C) Left side Right side 
T30min 41.6 ± 0.58a 41.5 ± 0.59a

T8h ND 6.5 ± 1.22 
T24h ND 3.4 ± 0.44 

Results are expressed as averages ± standard deviations. 
Averages with the same superscript do not differ significantly (P = 0.675) 
ND – no data. 
 
Occurrence of total aerobic count and Enterobacteriaceae before and after rapid chilling 

Individual and average total aerobic counts on pig carcasses before and after chilling are 
shown in Table 1. The total aerobic count log values on each warm pork carcass immediately 
before rapid chilling, as well as after rapid chilling, were less than 4.0 log10CFU/cm2 
(acceptable results; Commission Decision 2001/471/EC [10]; Commission Decision 
2004/379/EC [11]; Commission Regulation (EC) No 2073/2005 [12]). After treatment 1, 
carcasses had on average 0.1 log10CFU/cm2 fewer total aerobic count than comparative 
carcasses before chilling (2.46 and 2.56 log10CFU/cm2, respectively). In contrast, after 
treatment 2, carcasses had on average 0.1 log10CFU/cm2 higher total aerobic count than 
comparative carcasses before chilling (2.70 and 2.60 log10 CFU/cm2, respectively). However, 
the obtained differences in the total aerobic counts before and after rapid chilling (Table 2) 
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were not significant (P > 0.05). Also, the difference in the total aerobic counts between 
different rapid chilling treatments (Table 2) was not significant (P > 0.05). In order to 
determine the effects of rapid chilling on the total aerobic counts on carcasses, the reduction, 
increases or unchanged values on each of 48 carcasses processed before and after rapid 
chilling were recorder. Regarding total aerobic counts, carcasses counts were reduced for 54.2 
and 37.5%, increased for 37.5 and 54.2% after Treatment 1 and 2, respectively, and 
unchanged for 8.3% for both Treatments (Table 3).  
 

Table 1. Individual and average total aerobic counts (log10CFU/cm2) on pig carcasses before and after rapid 
chilling 

Treatment 1 Treatment 2
Carcass 
number 

Before 
rapid 
chilling 

After 
rapid 
chilling 

Carcass 
number 

Before 
rapid 
chilling 

After 
rapid 
chilling 

1 2.74 2.00 25 2.30 2.60 
2 2.70 1.70 26 2.48 2.48 
3 2.00 2.30 27 3.34 2.85 
4 3.11 3.18 28 3.32 2.70 
5 2.30 3.08 29 2.74 2.60 
6 2.00 1.70 30 2.65 2.00 
7 2.48 1.70 31 2.40 2.48 
8 3.00 3.11 32 2.00 3.00 
9 2.48 2.60 33 2.00 2.48 
10 2.30 3.15 34 2.48 3.30 
11 2.60 2.00 35 2.60 2.60 
12 3.00 3.00 36 2.85 3.40 
13 2.74 2.48 37 2.30 2.70 
14 2.70 1.78 38 2.48 2.30 
15 2.00 3.04 39 3.34 2.95 
16 3.11 2.60 40 3.32 3.08 
17 2.30 1.90 41 2.74 2.90 
18 2.00 2.00 42 2.65 2.60 
19 2.48 2.70 43 2.40 2.78 
20 3.00 2.90 44 2.00 3.00 
21 2.48 2.30 45 2.00 2.30 
22 2.30 2.00 46 2.48 2.00 
23 2.60 2.85 47 2.60 2.78 
24 3.00 2.90 48 2.85 3.00 
Average 2.56 2.46 Average 2.60 2.70 

 
Table 2. Independent t-test (P value) of the effect of rapid chilling on total aerobic counts 

Before chilling Treatment 1 Treatment 2 After chilling 
Treatment 1 - 
Treatment 2 

Before - 
After rapid 
chilling 

Before – 
After rapid 
chilling 

Treatment 1 - 
Treatment 2 

0.742 0.441 0.347 0.065 
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Table 3. The effect of rapid chilling in relation to reductions (R), increases (I) or no changes (NC) in total 
aerobic counts (log10CFU/cm2) on pig carcasses 

 Treatment 1 Treatment 2 

Effect of 
chilling 

Number of 
carcasses 

Before 
rapid 
chilling

After 
rapid 
chilling 

Number of 
carcasses 

Before 
rapid 
chilling 

After 
rapid 
chilling 

R 13 2.63 2.15 9 2.92 2.56 

I 9 2.47 2.89 13 2.38 2.82 

NC 2 2.50 2.50 2 2.54 2.54 

 
The total aerobic are used to assess the hygienic status of fresh meat carcasses, using the 

performance criteria set down in EC Commission Decision 2001/471/EC [10] and 
Commission Regulation (EC) No 2073/2005 [12]. Reports on the effects of rapid chilling on 
the microbiological quality of pork have been inconclusive (Chang & al. [8]). In agreement 
with this study, some researchers (Jones & al. [29]; Nesbakken & al. [36]) found no effect of 
rapid chilling of pork carcasses on total aerobic counts. Cryogenic chilling, the system with 
the most rapid temperature decline, had no significant effects on the survival of mesophilic 
bacteria on the carcass surface (Jones & al. [29]). Applying lower rapid chilling rates (at 
minimum –21.9°C for 70 min and then at 5°C for 24 h) than those used in the present study, 
Nesbakken & al. [36] did not find a significant decrease in the number of aerobic 
microorganisms. However, Chang & al. [8] reported that lower rapid chilling rates (at –20°C 
for 3 h and then at 4°C for 21 h) than those used in the present study resulted in a significant 
reduction of mesophilic aerobic bacteria after rapid chilling of pork carcasses. 

Individual and average Enterobacteriaceae count on pig carcasses before and after 
chilling are shown in Table 4. The Enterobacteriaceae count log values on each warm pork 
carcass immediately before rapid chilling, as well as after rapid chilling, were less than 2.0 
log10CFU/cm2 (acceptable results; Commission Decision 2001/471/EC [10]; Commission 
Decision 2004/379/EC [11]; Commission Regulation (EC) No 2073/2005 [12]). Initial 
average Enterobacteriaceae counts on the surface of pork carcasses were 0.53 (Treatment 1) 
and 0.40 log10CFU/cm2 (Treatment 2). After treatment 1 numerical, but not significant (P > 
0.05), decrease in Enterobacteriaceae count, on average 0.14 log10CFU/cm2, was found 
(Table 5). However, treatment 2 highly significant (P = 0.001) decreased the 
Enterobacteriaceae count, on average 0.31 log10CFU/cm2 (Table 5). Also, the difference in 
the Enterobacteriaceae counts between different rapid chilling treatments (Table 5) was 
significant (P = 0.005), i.e. extended total chilling time resulted with significant reduction of 
Enterobacteriaceae counts. After treatments 1 and 2, the percentage of carcasses that were 
positive for Enterobacteriaceae decreased from 70.8 to 54.2% and from 58.3 to 20.8%, 
respectively (Table 6). On seven (29.2%; Treatment 1) and ten (41.7%; Treatment 2) 
carcasses Enterobacteriaceae were not detected before and after rapid chilling. In order to 
determine the effect of rapid chilling on the Enterobacteriaceae counts on carcasses, the 
reduction, increases or unchanged values on each of 48 carcasses processed before and after 
rapid chilling were recorder. Regarding Enterobacteriaceae counts, carcasses counts were 
reduced for 54.2 and 58.3%, after Treatment 1 and 2, respectively, and increased and 
unchanged for 8.3% after Treatment 1 (Table 6). 
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Table 4. Individual and average Enterobacteriaceae counts (log10CFU/cm2) on pig carcasses before and after 
rapid chilling 

Treatment 1 Treatment 2 
Carcass 
number 

Before 
rapid 
chilling 

After 
rapid 
chilling 

Carcass 
number 

Before 
rapid 
chilling 

After 
rapid 
chilling 

1 0.70 0.70 25 0.60 0.00 
2 1.26 1.08 26 0.00 0.00 
3 1.23 1.08 27 0.30 0.00 
4 1.40 1.15 28 1.00 0.52 
5 0.30 0.30 29 0.00 0.00 
6 0.00 0.00 30 0.00 0.00 
7 0.00 0.00 31 0.48 0.00 
8 0.70 0.51 32 0.85 0.00 
9 0.00 0.00 33 0.00 0.00 
10 0.00 0.00 34 0.00 0.00 
11 0.30 0.00 35 0.70 0.00 
12 0.48 0.00 36 0.85 0.30 
13 0.70 0.00 37 0.60 0.00 
14 1.26 1.18 38 0.00 0.00 
15 0.84 0.30 39 0.30 0.00 
16 1.40 1.00 40 1.00 0.63 
17 0.30 0.48 41 0.00 0.00 
18 0.00 0.00 42 0.00 0.00 
19 0.00 0.00 43 0.48 0.00 
20 0.30 0.00 44 0.85 0.30 
21 0.50 0.30 45 0.00 0.00 
22 0.00 0.00 46 0.00 0.00 
23 0.70 0.78 47 0.70 0.00 
24 0.48 0.42 48 0.85 0.47 
Average 0.53 0.39 Average 0.40 0.09 

 
Table 5. Independent t-test (P value) of the effect of rapid chilling on Enterobacteriaceae counts 

Before chilling Treatment 1 Treatment 2 After chilling 
Treatment 1 - 
Treatment 2 

Before – 
After rapid 
chilling 

Before - 
After rapid 
chilling 

Treatment 1 - 
Treatment 2 

0.293 0.280 0.001 0.005 
 
Table 6. The effect of rapid chilling in relation to reductions (R), increases (I) or no changes (NC) in 
Enterobacteriaceae counts (log10CFU/cm2) on pig carcasses 

 Treatment 1 Treatment 2 
Effect of 
chilling 

Number of 
carcasses* 

Before 
chilling 

After 
chilling

Number of 
carcasses* 

Before 
rapid 
chilling 

After 
rapid 
chilling 

R 13 0.83 0.54 14 0.68 0.16 
I 2 0.50 0.63 0 - - 
NC 2 0.50 0.50 0 - - 

* 7 (Treatment 1) and 10 (Treatment 2)  carcasses were Enterobacteriaceae negative before and after rapid 
chilling 
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The Enterobacteriaceae are used to assess the hygienic status of fresh meat carcasses, 
using the performance criteria set down in EC Commission Decision 2001/471/EC [10] and 
Commission Regulation (EC) No 2073/2005 [12], as the presence of Enterobacteriaceae on 
carcasses is synonymous with faecal contamination (Heuvelink & al. [23]). The existing 
information in available scientific literature related to the effect of the rapid chilling on the 
total counts of Enterobacteriaceae in pork meat are very scarce. However, there are available 
data on the effect of rapid chilling of pork carcasses on the count of different members of the 
genera belonging to the Enterobacteriaceae family. Several studies have found that gram-
negative microorganisms seem particularly sensitive to cold shock (Marth [32]). Nesbakken 
& al. [36] found that rapid chilling significantly decreased the numbers of coliform bacteria 
and Escherichia coli, but did not have a significant effect on the occurrence of Yersinia 
enterocolitica on pork carcasses. Rapid chilling was significantly effective in reducing the 
population of total coliform bacteria, Escherichia coli and Salmonella typhimurium, 
especially when pork surfaces were inoculated with a high inoculation level (Chang & al. [8]). 
Cryogenic chilling of pork carcasses also had a significant effect in reduction of Escherichia 
coli and Salmonella typhimurium levels (Jones & al. [29]). Generally, chilling at temperatures 
slightly above those causing ice formation or freezing of meat can injure or kill bacteria. 
Freezing (rapid chilling) may kill cells via formation of ice crystals that penetrate the cell 
membrane, resulting in the release of cellular constituents (Mazur [33]). 

In conclusion, based on the results found in this study, rapid chilling can improve the 
microbiological quality of pork. Implementation of rapid chilling treatment (at –31°C for 3 h) 
and further conventional, with total duration of chilling till 24 hours post-mortem, provides 
significant decrease in total counts of Enterobacteriaceae on surface of pork carcasses. 
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