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Abstract– The effect of rapid air chilling of 

carcasses in the first 3 h of chilling at –31°C (then at 

2 to 4°C, till 24 h post-mortem) and the possibility of 

earlier deboning (8 h post-mortem) after rapid air 
chilling, compared to conventional air chilling (at 2 

to 4°C, till 24 h post-mortem) on water holding 

capacity of pork M. semimembranosus was 

investigated. Carcasses that were rapid chilled had 

significantly lower (P<0.001) internal temperature 

in the deep leg compared to conventional chill 
treatment. Rapid chilling reduced significantly 

(P<0.05) the rate of pH value decline at 8 h (6.02) 

post-mortem in M. semimembranosus compared to 

conventional chill treatment (5.88). Under the rapid 

chilling conditions, weight loss was 0.8% at 8 h post-

mortem and increased to 1.4% at 24 h post-mortem 
when weight loss was 2.0% under conventional 

chilling. Compared to conventional chilling, in M. 

semimembranosus deboned in different time post-

mortem, rapid chilling had a positive significant 

effect on cooking loss (P<0.001) and drip loss 
(P<0.05, muscles deboned 8 h post-mortem). Rapid 

chilling i.e. rapid chilling and earlier deboning had 

neither positive nor negative significant effects 

(P>0.05) on amount of exudative juice and wetness. 
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I. INTRODUCTION 

Due to the danger of spoilage, meat has to be chilled 
soon after slaughter [1]. On the other hand, rate of heat 
transfer, i.e. relationship between the rates of 
temperature and pH value decline can affect some other 
(technological) meat quality parameters (weight loss, 
tenderness, water holding capacity, color; [2]). 

Water holding capacity (WHC) is of major concern 
in the meat industry, as it affects both economic and 
sensory attributes of the meat [3]. Weight loss of meat 
samples generally increases with storage time, however 

at a decreasing rate. The greatest amount of drip is 
generally lost during first 24 to 48 h [4]. 

Conventional, spray and rapid/accelerated chilling 
systems are commonly used for pork chilling in 
commercial practice today. Accelerated air chilling 
requires temperatures of –20°C to –40°C, often with an 
air velocity of 3 to 5 m/s for 1 to 3 h [5]. The use of 
different accelerated chilling systems, i.e. systems for 
rapid temperature decline of carcasses, can be an 
effective method to prevent or reduce the incidence of 
PSE (pale, soft, exudative) in pork [6, 7]. However, 
according to some literature data, the effect of rapid 
chilling on technological quality parameters of pork is 
limited [8, 9, 10]. 

One problem that may arise with accelerated chilling 
is cold shortening, which can occur if the temperature 
decreases too rapidly, i.e. while the energy level (level 
of adenosine triphosphate - ATP) in the muscle is still 
high [11]. To prevent cold shortening, it is 
recommended not to chill pork carcasses below 10°C 
in the first 5 h post-mortem [12, 13], i.e. not to chill 
below 5°C while the muscle pH value is above 6.0 
[14]. Scientific studies under laboratory conditions [15] 
have suggested that rapid chilling can induce 
shortening of the muscle fibres (sarcomeres) and result 
in tough meat if a muscle temperature below 10°C is 
achieved within 3 h after slaughter when the muscle pH 
value is above 6.0, i.e. when the pH value fall is slow 
[16]. 

Having in mind these findings, and the fact that the 
ultimate pH value is reached in pork with normal 
glycolysis rates and most biochemical processes (rigor 
mortis) are completed, within 6 - 9 h post-mortem [1], 
i.e. 6 - 12 h post-mortem [17], and considering the EU 
directives for fresh pork [18] according to which pork 
must not be cut and deboned before reaching 7°C in the 
deep leg [1, 19], the aim of the study was to determine 
the effect of rapid air chilling of carcasses and time of 
deboning post-mortem on WHC of pork. 

 



 

 

II. MATERIALS AND METHODS  

A. Experimental design 
Left carcass sides of the first 20 animals, average 

warm carcass weight of 74.5 ± 3.34 kg (including the 
head) were rapid air chilled (RC) in the freezing tunnel 
for 3 h at –31°C, with an air velocity 5 m/s, followed 
by conventional air chilling in temperature equalisation 
chill room at 2 - 4°C, with an air velocity 0.5 m/s, till 
24 h post-mortem (pm). Left carcass sides of the 
second 20 animals, average warm carcass weight of 
76.4 ± 4.19 kg were chilled in the same way, except 
that RC left carcass sides were cut and deboned 8 h 
pm. All 40 right carcass sides were conventionally air 
chilled (CC) at 2 to 4°C, with an air velocity 2 m/s, till 
24 h pm. The physico-chemical investigations of M. 
semimembranosus (SM) were performed at the start, 
during and after the chilling process. 
 

B. Weight loss measurements 
Water evaporation during chilling is expressed as the 

percentage of weight loss, measuring the mass of one 
carcass side at the end of the slaughterline (30 min pm) 
and at the end of the chilling process (8 h and 24 h 
pm). 
 

C. Meat quality measurements 
Temperature and  pH value. Temperature was 

measured at the start, during and at the end of the 
chilling process in the deep leg, near the femur, in both 
sides of all carcasses, 30 min (T30min), 4 (T4h), 6 (T6h), 8 
(T8h) and 24 (T24h) h pm using a portable digital 
thermometer with a 12 cm stem. pH was measured in 
the center of both SM muscles of all carcasses at 30 
min (pH30min), 8 (pH8h) and 24 (pH24h) h pm using the 
portable pH meter equipped with an insertion glass 
combination electrode [20]. 

WHC. Exudative juice. Determination of the WHC 
(exudative juice) was based on measuring water (juice) 
liberated when pressure was applied to the muscle 
tissue. Exudative juice was assessed using a filter paper 
press method  (FPPM) [21]. The difference between 
the areas of the pressed meat film and the wet area on 
the filter paper is a measure of the exudative juice or 
WHC. The cooking loss was determined by method as 
described by Honikel [22] with slight modifications. 
Meat samples (about 150 g) prepared in the shape of a 
cubicle, were put into polyethylene bags and placed in 
the water bath. After cooking for 60 min at 90°C, the 
samples were cooled at 2 - 4°C in the cooler. After 
equilibration the samples were taken from the bags, 
blotted dry and weighed. The cooking loss is expressed 
as the percentage of the initial sample weight. The drip 
loss [22] was determined on meat samples (SM) of 
about 100 g, free of external fat and connective tissue. 
The samples were hung by a nylon cord in a plastic 
bag, ensuring the meat had no contact with the juice in 

the bag. The drip loss is expressed as percentage of 
weight loss after 24 h (drip loss24h) of storage at 4°C, 
from the moment of muscle deboning. Sensory panelist 
evaluated wetness (1 - very watery, 2 – watery, 3 – 
moist, 4 - moderately dry, 5 - dry [23]). 

D. Statistical analysis. All data are presented as 
means ± standard deviation. The results were evaluated 
statistically using the analysis of variance and Duncan's 
multiple range test in the Statistical Analysis System 
[24]. 

III. RESULTS AND DISCUSSION 

A. Changes in rates of temperature and pH  decline  
The initial average temperatures (Table 1) in left and 

right carcasses were identical, 41.6°C (P>0.05). In CC 
carcasses, 4, 6 and 8 h pm, the average temperatures 
were 32.7, 24.2 and 19.1°C. Highly significant lower 
temperatures were found (P<0.001) at same times 
respectively in RC carcasses. During chilling, the 
difference between temperatures of CC and RC 
carcasses increased. Temperatures below 7°C were 
reached in the deep leg somewhat before 8 h pm, i.e. 
the average temperatures measured at 8 h pm in RC 
carcasses were 6.2°C. Furthermore, a highly significant 
effect of RC on carcass temperature (P<0.001) was 
also found 24 h pm. The average temperature measured 
in CC carcasses, 24 h pm, was also lower than 7°C 
(5.1°C). 

At the end of the slaughter line, the difference 
between average pH30min values (Table 1) determined 
in SM muscles from RC carcasses (pH = 6.22) and CC 
carcasses (pH = 6.18), was not significant (P>0.05). 
However, during RC of SM muscles, i.e until 8 h pm, 
significant (P<0.05) slowing of the rate of pH value 
decline was observed. Eight hours post-mortem the pH 
of SM muscles was still high, i.e. the onset phase of 
rigor mortis had just started. A number of authors 
report rigor mortis starts at different pH values, but, for 
pork, always below 6.1 [1, 14, 15, 25]. At the end of 
chilling (24 h pm), average pH values were in the range 
characteristic for pork (5.3 - 5.8; [1, 17]). A 
numerically, but not significantly higher (P>0.05) 
average pH value (5.77) was found in SM muscles 
from RC carcasses compared to the average pH value 
determined in SM muscles from CC carcasses (5.70). 

Comparing the relationship of rates of temperature 
and pH decline in the deep leg, in the present study and 
the relationship of rates of temperature and pH decline 
defined for pork (M. longissimus dorsi) by several 
authors [12, 13, 14, 15], it can be seen that the internal 
temperature in the deep leg of RC carcasses 3 h and 5 h 
pm was above 10°C. Also, at the start of rigor mortis in 



 

 

RC SM muscles (pH = 6.02 at 8 h pm), the internal 
temperature in the deep leg was above 5°C.  

B.  Changes in weight loss 
RC i.e. RC and earlier deboning affect the weight 

loss of carcasses (Table 2). In RC carcasses deboned 
24 h pm, the average weight loss (1.4%) is significantly 
lower (P<0.05) compared to CC carcasses (2.0%). The 
average weight loss in RC carcasses deboned 8 h pm 
(0.8%) is highly significantly lower (P<0.001) 
compared to the weight loss found in CC carcasses, 
and significantly lower (P<0.05) compared to RC 
carcasses deboned 24 h pm. The significantly lower 
weight loss, determined in RC carcasses deboned 8 h 
pm compared to RC carcasses deboned 24 h pm, is the 
result of shorter chilling. 

C.  Changes in WHC 
The effect of RC and the time of deboning on the 

WHC is presented in Table 2. Next to the end of 
chilling (8 and 24 h pm), in RC SM muscles, 
numerically but not significantly (P>0.05) better WHC, 
i.e. in RC SM muscles a numerically lower amount of 
exudative juice was found, compared to CC SM 
muscles.  In the same time post-mortem, no significant 
(P>0.05) effect of different chilling rate of carcasses 
and different time of deboning post-mortem on wetness 
of SM muscles was found. On the other hand, the 
results obtained in the presented study confirmed once 
more that the cooking loss depends on the ultimate pH 
value [1]. A highly significant lower cooking loss 
(P<0.001) was found in RC SM muscles which also 
had a higher average pH value. The cooking loss 
decreased from 42.5% (CC SM muscles) to 38.1% (RC 
SM muscles, deboned 24 h pm) and to 37.8% (RC SM 
muscles, deboned 8 h pm). 

Furthermore, the results obtained for the drip loss 
show the same trend as the ones for the cooking loss. 
Regarding the criterion for drip loss (non-exudative 
pork: drip loss < 6% after 48 h; [26]), the average drip 
loss of all investigated groups of SM muscles was at 
the level which corresponds to normal quality muscles. 
A significantly lower average drip loss (P<0.05), 
compared to CC SM muscles (1.71%), was found in 
RC SM muscles deboned 8 h pm (1.20%). The effect 
of RC on the drip loss decrease is more important in 
SM muscles deboned 8 h pm having in mind that 
deboning and sampling at an earlier time post-mortem 
results in a drip loss increase [4]. The average drip loss 
determined in RC SM muscles deboned 24 h pm 
(1.55%) is not significantly different (P>0.05) 
compared to the values obtained in other investigated 
groups of SM muscles. 

The effect of RC on the improved water holding 
capacity can be explained either by a biochemical 
effect, i.e., by a direct temperature effect on the post-
mortem energy metabolism, by a structural effect, i.e., 
a temperature-induced effect on the mobility and 
distribution of water in the muscles, or by a 
combination of both [3]. 

IV. CONCLUSION 

Investigating the effect of RC of carcasses and the 
possibility of earlier deboning (8 h pm) after RC on 
WHC of SM muscles, compared to CC, the following 
was concluded: 

- the RC of carcasses reduced the internal temperature 
in the deep leg at 4, 6, 8 and 24 h pm (P<0.001), 

- in RC SM muscles the rate of the pH decline was 
lower at 8 h pm (P<0.05), but 24 h pm pH was not 
affected (P>0.05), 

- the RC of carcasses reduced weight loss, from 2.0% 
(CC carcasses) to 1.4% (RC carcasses deboned 24 h 
pm; P<0.05) and to 0.8% (RC carcasses deboned 8 h 
pm; P<0.001), 

- in RC SM muscles, deboned 8 and 24 h pm, a lower 
cooking loss (P<0.001) was found, 

- in RC SM muscles, deboned 8 h pm, a lower drip 
loss (P<0.05) was found, 

- RC had no significant effect (P>0.05) on amount of 
exudative juice and wetness.  
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Table 1. Effect of chilling method and time of deboning on internal ham temperature and pH value of M. 
semimembranosus 

Chilling method CC RC 
Time of deboning 24 h pm 8 and 24 h pm 
Ham temperature (°C)   
T30min 41.6 ± 0.55 41.6 ± 0.59 
T4h 32.7A ± 0.84 25.7B ± 1.44 
T6h 24.2A ± 0.74 13.0B ± 1.40 
T8h 19.1A ± 0.75 6.2B ± 1.16 
T24h 5.1A ± 0.36 3.8B ± 0.53 
M. semimembranosus pH   
pH30min 6.18 ± 0.18 6.22 ± 0.27 
pH8h 5.88b ± 0.18 6.02a ± 0.16 
pH24h 5.70 ± 0.19 5.77 ± 0.22 

AB indicates significant difference at P<0.001; ab indicates significant difference at P<0.05. 
 

 
 



 

 

 
Table 2. Effect of chilling method and time of deboning on WHC of M. semimembranosus 

Chilling method CC RC RC 
Time of deboning 24 h pm 24 h pm 8 h pm 
Weight loss (%) 2.0Aa ± 0.56 1.4ABb ± 0.54 0.8Bc ± 0.44 
FPPM (cm2) 5.74 ± 0.71 5.57 ± 0.87 5.63 ± 0.77 
Cooking loss (%) 42.5A ± 2.57 38.1B ± 4.76 37.8B ± 2.89 
Drip loss24h (%) 1.71a ± 0.68 1.55ab ± 0.63 1.20b ± 0.46 
Wetness (1 to 5) 2.79 ± 0.25 2.80 ± 0.59 2.70 ± 0.42 

AB, ab as for Table 1. 
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