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Determination of weight loss and temperature of broiler
carcasses during air cooling with intermittent water
spraying — case study
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Abstract: The aim of this study was to determine the broiler carcasses weight loss and temperature during air cooling with
intermittent water spraying (3.1 m sec”, —1.5°C, 120 min) in order to optimize the poultry chilling process. Weight and temperature
of broiler carcasses were measured before and after cooling. Measurements were made once a week (during six weeks) on randomly
selected broiler carcasses (eight carcasses per week) on the slaughterline. The most common broiler hybrids on the domestic market
were used in the study (Ross-308, Cobb 500), of different ages (34 to 41 days old), which had been transported 70 to 260 km to the
slaughterhouse. In broilers originating from flocks with higher average bird live body weight (2.2 to 2.4 kg), which were held longer
(41 days), slight weight losses of carcasses occurred (0.32 to 0.76%) after cooling. On the other hand, broilers which were held 34-38
days with smaller average bird live weight (1.58 to 2.1 kg) produced slight increases in carcass weights after cooling (0 to 2.18%).
Temperatures of the broiler carcasses before cooling ranged from 33.00 to 41.37°C and after cooling were from 1.58 to 5.46°C. The
achieved temperature of broiler carcasses depended on carcass size, and was adequate (0 to 4°C) for broilers weighing less than
2.13 kg, but carcasses of larger birds did not meet temperature regulations. The transport length influenced weight loss of live broil-
ers, but did not affect the weight loss of broiler carcasses after cooling. Also no differences were observed in accordance to the broiler

hybrid type used (Ross-308, Cobb 500).
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Introduction

In poultry processing, chilling is a crucial step
that can prevent microbial growth to a level that will
maximize both product safety and shelf life (Wang
and Sun, 2003; Carroll and Alvarado, 2008). Also,
it improves carcass appearance, but the prime pur-
pose of chilling is to limit the growth of both path-
ogenic and food spoilage microorganisms (James
et al., 2006). In order to control pathogens in broil-
er processing, enhanced insight into contamination
dynamics can be provided with mathematical cal-
culation of cooling processes (McCarthy et al.,
2017). The most significant broiler meat pathogen
is Salmonella spp., which is one of the main causes
of zoonotic diseases triggered by ingestion of con-
taminated meat or eggs (Pajic et al., 2015), followed
by Campylobacter spp. (especially Campylobacter
Jjejuni) on broiler carcasses, a worldwide problem
(Ivanovic et al., 2008).

The most common methods for chilling poultry
include water immersion or cold-air blast chilling

with or without an intermittent water spray (Mead
et al., 2000). Air chilling is also used to chill raw
poultry carcasses and parts (Anonymous, 2014).
In Europe, the usage of air chilling to cool poul-
try carcasses is very common, and there are restric-
tions on the usage of immersion chilling (Young and
Smith, 2004). For air chilling as opposed to immer-
sion chilling, cross-contamination can be lower be-
cause carcasses are hung individually on the line,
depending on the presence of water spray incorpo-
rated in the air chill system (Fluckey et al., 2003).
Spraying carcasses during air chilling, which is not
allowed in the European Union, can cause aerosols
with bacteria to spread from carcass to carcass due
to the fans blowing in air-chilled systems (Mead et
al., 2000).

In immersion chilling, carcasses are moved
through tanks containing chilled water or a mixture
of ice and water (James et al. 2006). In the case
of broilers undergoing immersion chilling, the
immersion chilling process should meet hygiene
criteria as specified by the competent authority and
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the reduction in carcass temperature should be as
rapid as possible (Anonymous, 2005). Immersion
chilling is a relatively low cost and fast chilling
technique, largely employed in the South and North
American poultry industries (Rodrigues et al.,
2014). This system is used a lot in the United States
of America and Brazil, two of the biggest poultry
producers in the world (Cariofi and Laurindo,
2007). During immersion, carcasses uptake water
into the intercellular spaces created during the
rigor mortis (Dufour and Renou, 2002). If broiler
carcasses are immersion cooled, the maximum
amount of water absorbed into the carcasses and
the base parts of the carcass must not exceed 5%,
according to domestic legislation (4Anonymous,
1988). The cooling rate is influenced by the size,
shape, and fat of the carcass, as well as by the
temperature and flow pattern (and stirring level) of
water inside the tanks. In air chillers, the cooling
rate depends on the air relative humidity and flow
conditions (Savell et al., 2005).

The temperature of chilled broiler meat should
be between 0°C to 4°C, as stated in domestic leg-
islation (Anonymous, 2014a), and only then it can
be released to market (Anonymous, 1988). The car-
cass of slaughtered poultry, the edible parts and in-
ternal organs should be cooled so that the deep mus-
cle tissue of the carcass is up to 4°C, while edible
parts and organs must be up to 3°C (4dnonymous,
2010). The FSIS Compliance Guide recommended
that all poultry slaughtered and eviscerated in of-
ficial establishments are chilled immediately after
processing so that the internal temperature of broil-
er carcasses and major portions weighing under
1.8 kg are reduced to 4.4°C or below within 4 hours
of processing, and carcasses weighing 1.8 to 3.6 kg
within 6 hours of processing. Once chilled, poultry
needs to be packaged and shipped at 4.4°C or less
(Anonymous, 2014).

During transportation from the farm to the
slaughterhouse, broilers are exposed to various
stressful factors that influence post-mortem muscle
metabolism and consequently meat quality (Babic et
al., 2014). Transport is an entirely new environment
to which the animal has not been adapted, and which
can which have adverse effects manifesting from
mild agitation to death (Karabasil et al., 2013).

In the modern broiler meat industry, the hybrids
of broilers that are being grown are genetically
engineered for great productivity. The selection
of hybrids is based on production characteristics,
while increasingly neglecting the health of livestock
(Maslic-Strizak et al., 2012). Despite all the changes
suffered by broilers, with controlled production
conditions and adequate biosecurity measures, the

selectors have managed to produce broilers with
breeding length reduced to 34 to 40 days, achieving
a final weight of 2 to 2.8 kg, with a food conversion
rate of 1.47 (Mitrovic et al., 2010). The previous
standard broiler breeding period lasted for 42 days,
or an extended duration of 56 days (Ramzija et al.,
2010). No other species of domestic animals have
been exposed to the extreme changes in body weight
that poultry have been subjected to (Ljubojevic
et al., 2011), whereby new ways of improving the
yield and quality of broiler meat are always sought
through nutrition (Markovic et al., 2009).

The aim of this study was to determine weight
loss and temperature changes of broiler carcasses
during air cooling with intermittent water spraying,
as well as to determine whether there are differences
among two common broiler hybrid types, and to es-
timate the effect of transport on weight loss.

Materials and Methods

A total of 48 birds during 6 weeks period (8
birds week ') were randomly collected from an in-
line poultry processing plant that has air chilling
with intermittent water spraying.

Data were collected from the slaughterhouse
documentation regarding hybrid types, the ages of
flocks, the length of transport and the average live
bird weights.

Broiler carcasses were removed from the
processing line before cooling, weighed, labeled, and
returned to the cooling line. After cooling, but before
packaging, the carcasses were again weighed in an
identical manner. The weights of the carcasses before
and after cooling were determined on calibrated
electronic scales (Waagen K-PZ2-03-010).

The microclimate cooling conditions (chamber
temperature, air circulation rate) were measured
manually with a combined thermometer-aerometer
405-V1 Air Velocity Stick Meter (Testo, Germany).

Temperatures of the broiler carcasses were
measured manually with a thermometer BT20
(Trotec, Germany). The probe was manually stabbed
deep into the chest musculature, near the chest bone
and directly read and recorded before and after cool-
ing. During chilling of broiler carcasses, the highest
temperature is located in the breast geometric center,
where chilling effectiveness was evaluated.

Data in this case study were collected directly
during the cooling process in defined conditions and
then obtained results were statistically evaluated us-
ing Microsoft Office 2010, Excel 2010, and present-
ed in Tables 1 and 2 as mean+SD.
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Results and discussion

In Table 1, hybrid type, age, transport length,
number of broilers examined, as well as the average
weight of live broilers are presented.

Table 2 presents the weights and temperatures
of broiler carcasses before and after air cooling with
intermittent water spraying.

In air chilling, weight loss between 1 to 1.5% is
common and can be as high as 3% depending upon
the capacity and system requirements (James et al.,
2006). In our study, weight loss was lower: 0.32%
(in broilers of 2.2 kg live weight) up to 0.76% (in
broilers of 2.4 kg live weight), or no weight change
was recorded (in broilers 2.1 kg and lower live
weight), or up to 2.18% increase of carcass weight
was detected (in broilers 1.58 kg live weight). The
results obtained in our study were similar to other
published findings (James et al., 2006) on air cooling
of broiler carcasses with water spray, in which post-
cooling weight changes varied from —2% to +1.7%,
in accordance with carcass weight.

In the United States, an increase of broiler
carcass weight during cooling is not recommended.
All poultry that is slaughtered and eviscerated in

official establishments is chilled immediately after
processing so that the internal temperature of poultry
carcasses and major portions weighing less than
1.8 kg is reduced to 4.4°C or below within 4 hours of
processing (Anonymous, 2014). Conventional chilling
methods such as forced air and water immersion are
used in the industry to chill poultry carcasses from
approximately 40°C to 4°C, which is essential to
improve safety (Rodrigues et al., 2014). Comparing
these statements with the results obtained in our study,
there was a match with temperature requirements,
while there were differences in carcass weight
increases, especially for the lighter weight carcasses
(1.58 kg carcasses increased weight by 2.18% during
air cooling with intermittent water spray).

Spraying carcasses during air chilling is not
allowed in the European Union because of cross-
contamination with aerosols (Mead et al., 2000;
Demirok et al., 2013). Some authors claimed that
air-chilled products have better microbial quality
than immersion-chilled products because air chilling
without water spray can injure or kill bacteria as a
result of skin surface dehydration during chilling
(Berrang et al., 2008; Carroll and Alvarado, 2008).
In accordance with the high level of compliance of

Table 1. Hybrid type, age, transport length, number of broilers examined, and average live bird weight

Wel mbrdope  elersee Tt oot e
I Cobb 500 41 70 8 2.40
I Cobb 500 41 107 8 2.20
111 Cobb 500 34 79 8 1.58
v Cobb 500 38 79 8 2.13
\% Ross 308 38 260 8 2.11
VI Ross 308 38 260 8 2.12

Table 2. Mean broiler carcass weights and temperatures before and after cooling, and mean percentage
change of carcass weights

Mean weights Mean weights Mean Mean
Week of carcasses of carcasses temperatures of temperatures of Carcass weight
before cooling after cooling carcasses before carcasses after change (%)
(kg=SD) (kg+SD) cooling (°C£SD) cooling (°C+SD)

I 1.720+0.17 1.707+0.17 40.92+0.43 5.46+0.62 -0.76

11 1.586+0.09 1.581+0.09 41.30+£0.46 4.91£0.68 -0.32

111 1.055+0.11 1.078+0.10 33.00+1.06 1.67+£0.56 +2.18

v 1.436+0.16 1.437+0.16 41.37+0.52 4.01+0.44 +0.06

v 1.202+0.19 1.204+0.19 38.93+1.27 2.41+1.15 +0.16

VI 1.254+0.15 1.254+0.14 39.21+1.22 2.58+0.56 /
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Serbia with regard to European Union integration
processes, with the ultimate goal of becoming a full
member in the near or further future, urgent reforms
in almost all areas have become inevitable. Certainly,
the areas of food production, processing and trade
cannot be bypassed (Buncic and Rudan, 2006). The
experiences of European Union countries with well-
developed and advanced standards and obligatory
legislation in force, in the production of safe food,
have shown that manufacturing safe food is only
possible by control of the complete food chain.
This control is based on the preventive approach
(Nastasijevic et al., 2005).

In our study, adequate cooling temperatures
(1.67£0.56°C to 4.01+£0.44°C) were achieved for
broiler carcasses with average pre-cooling weights of
1.055+0.11 kg to 1.436+0.16 kg, respectively (Table
2). We note the latter group of broilers reached only
the borderline temperature limit in accordance with
domestic regulations (4nonymous, 1988; Anonymous,
2010) and foreign recommendations (Anonymous,
2014). Therefore, the defined conditions measured
during air cooling (air flow 3.1 m sec’!, air
temperature —1.5°C, 120 min) with intermittent water
spraying adequately cooled those broiler carcasses
that weighed up to 1.436 kg before cooling, where the
average live broiler weight was 2.13 kg or less.

The larger broiler carcasses, 1.586+0.09 kg to
1.72040.17 kg reached temperatures of only
4.91+0.68°C and 5.46+0.62°C, respectively (Table
2). These temperatures after air cooling with water
spraying were inadequate and did not accord with
the previously mentioned regulations and
recommendations.

The transport length influenced the weight loss
of live broilers, but did not affect the weight loss of
broiler carcasses during cooling. Also no differences
were observed in accordance to the broiler hybrid
type used in study (Ross-308, Cobb 500).

Conclusion

Weight loss and temperature of broiler
carcasses during air cooling with intermittent water
spraying depended (apart from the microclimate
cooling conditions in the chamber, which were a
constant temperature, air flow rate, and cooling
length), on live bird weight and carcass weight.
The broiler carcasses originating from birds with
average live weight of 2.2 kg underwent 0.32%
weight loss, and those originating from birds with
average live weight of 2.4 kg lost 0.76% of weight
due to cooling. Carcass weight did not change
when broilers originated from birds with average
live weight of 2.1 kg. The carcass weight of lighter
broilers (1.58 kg average live weight) increased by
2.18% after cooling.

Adequate cooling temperatures (1.67 and
4.01°C) were achieved for broiler carcasses with
pre-cooling weights of 1.055 kg (average live
broiler weight of 1.58 kg) and 1.436 kg (average live
broiler weight of 2.13 kg), respectively. However,
since these heavier carcasses reached only 4.0°C
on average, they were at the borderline temperature
limit. The average temperatures of even heavier
broiler carcasses (1.586 kg, average live broiler
weight of 2.20 kg and 1.720 kg, average live
broiler weight of 2.40 kg) were 4.91 and 5.46°C,
respectively after the chilling regime examined.
Therefore, these larger carcasses did not achieve
adequate chill temperatures after the air cooling with
water spraying.

The transport length influenced the weight
loss of live birds, but did not affect the weight loss
of broiler carcasses after cooling. The two broiler
hybrids behaved similarly with regard to carcass
weight changes after chilling.
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