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Abstract 
This research is a follow-up of previous original investigations on the influence of the temperature 

used during the cold treatment of broiler meat in the slaughterhouse on its nutritional quality. Hence it 
was found that total water content, dry matter and energy content was influenced by the temperature 
variations in scalding, chilling and storage, we tried to investigate whether the textural and 
technological parameters are also affected by such variation, both in refrigerated and frozen meat. 
Three groups of carcasses were studied for the refrigeration flow (one control - RC, two experimental - 
R1 and R2), varying the experimental factor, temperature, during scalding (RC=51-53°C, R1=53-
54°C, R2=55-56°C), during chilling (RC=1-4°C, R1=2-3°C; R2=1-2°C), during sorting-packaging 
(RC below 2⁰C; R1=8-10°C; R2=6-8°C), throughout storage prior to delivery to market (RC=0-2°C; 
R1 and R2=0-1°C). Also, for the frozen meat, three groups were set (FC, F1, F2), providing them the 
same graduations of the experimental factor like in the refrigerated groups, in the pre-freezing stages 
(scalding, chilling, sorting), while in the fast freezing moment, the temperature varied accordingly 
(control FC=-30…-35 °C, F1=-32…-33 °C, F2=-33…-34 °C). The biological material comprised 90 
ROSS-308 broiler carcasses in refrigeration flow (30 per group) and 90 ROSS-308 broiler carcasses 
in freezing flow. Pectoral muscles were used from each carcass in pieces weighing 250 grams and 
were shaped in rectangular chops of 5 cm length x 1 cm width x 1 cm depth along the muscle fibers, to 
be submitted for shear force (SF) reading (N/cm2) using a Warner-Bratzler (WB) chamber. Also, the 
same muscles were used to sample 100 g pieces to be submitted to drip loss (DL) via tube 
centrifugation and cooking loss (CL) analysis via boiling in sealed plastic bags. The analytical tests 
were carried on in duplicate per each sample. SF proved to increase as the temperature in scalding 
and sorting packaging was higher, due probably to more intense water loss and concentration of dry 
matter, which led to firmer meat: 22.48 N/cm2 in CR, 22.96 N/cm2 in R1 (P<0.05) and 23.11 N/cm2 in 
R2 (P<0.01). The preservation through freezing acted as a tenderizer, probably due to connective 
tissue and to myocytes membranes disruptions: 22.48 N/cm2 in CF, 22.96 N/cm2 in F1 (P<0.01) and 
23.11 N/cm2 in F2 (P<0.001). However, it should be investigated to what extent the destruction of the 
connective stroma due to ice crystals really acts toward tenderizing, because losing the structure 
eventually lead to poor texture and lower juiciness. The technological parameters of the breast meat 
varied accordingly, following the shear force progression, thus the samples with higher WB values had 
lower DL and CL, with variations within the -2.5…-7.9% range (P<0.001), comparing to the ones 
which were more tender, in appearance. Follow up: sensorial analysis using trained panel of tasters, 
in comparison with the instrumental analysis of the textural profile. 
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INTRODUCTION1 

Preserving poultry meat in order to 
provide longer shelf life and to reduce toward 
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absence the threats represented by 
microbiological contamination is still a 
challenge in the processing industry [12, 16]. 
Many techniques have been tried out, some 
of them involving the classical cold 
treatments, such as refrigeration and freezing 
or freeze-drying [5], accompanied lately by 
some new technologies, such as drying [15], 
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super chilling [3], irradiation [1, 6], 
packaging under modified atmosphere [2], 
high pressure packaging [9], high frequency 
electro-magnetic field exposure [4, 22], 
electromagnetic induction [23], ultrasounds 
[14], packaging using nanomaterials [17] or 
nanoparticles[11]. However, for long term 
storage, freezing techniques are preferred by 
the industry due to the wide availability of 
technological equipment, to their reliability 
throughout long lasting usage and to the 
widely available know-how in exploiting and 
servicing such devices. It is known that the 
frost affects cell integrity structure, due to ice 
crystal formation[10] and could lead to loss 
of valuable nutrients when the meat is 
thawed [19]. Also, meat texture is supposed 
to be affected by freezing-thawing 
parameters, especially in terms of tenderness 
and juiciness [8, 20]. Under such 
circumstances, the original research tried to 
find out to what extent the different 
temperatures applied through certain key 
moments of cold preservation techniques in 
slaughterhouse could affect poultry meat 
texture (related to shear force, instrumentally 
measured), and some of its technological 
traits (drip loss, cooking loss). 
 
MATERIAL AND METHOD 

Goal: follow-up of previous original 
investigations on the influence of the 
temperature used during the cold treatment of 
broiler meat in the slaughterhouse on its 
nutritional quality.  

Do the textural and technological 
parameters are also affected by such variation, 
both in refrigerated and frozen meat? 

Hypothesis: variation of technical 
temperatures applied in chicken broiler 
carcasses scalding, chilling, packaging, 
storing, freezing does not significantly affect 
the meat shear force readings and drip and 
cooking loos.  

Three groups (90 carcasses of Ross 308 
broilers, aged 40 days at slaughter, randomly 
allotted in 30 carcasses per group)were 
constituted in the refrigeration flow (one 
control - RC, two experimental - R1 and R2). 

Experimental factor: temperature 
- scalding (RC=51-53⁰C, R1=53-54⁰C, 

R2=55-56⁰C) 

- during chilling (RC=1-4⁰C, R1=2-
3⁰C; R2=1-2⁰C) 

- sorting-packaging (RC below 2⁰C; 
R1=8-10⁰C; R2=6-8⁰C) 

- storage prior to delivery to market 
(RC=0-2⁰C; R1 and R2=0-1⁰C).  

Three groups (90 carcasses of Ross 308 
broilers, aged 42 days at slaughter, randomly 
allotted in 30 carcasses per group)were 
constituted for the freezing flow (one control 
- FC, two experimental -  F1 and F2). 

Pre-freezing temperatures were applied 
similarly like in the refrigerating flow, during 
scalding and chilling, then the temperature as 
experimental factor varied during the freezing 
process: FC=-30…-35°C, F1=-32…-33°C, 
F2=-33…-34 °C. 

Four months post freezing, the carcasses 
were thawed in refrigerator, at 1-4°C, then 
submitted for testing. 

Pectoral muscles from each carcass, cut 
in pieces weighing 250 grams and shaped in 
rectangular chops of 5 cm length x 1 cm 
width x 1 cm depth along the muscle fibers, 
to be submitted for shear force (SF) reading 
(N/cm2) using a Warner Bratzler (WB) rig 
mounted on a Perten Instruments TVT 6700 
texture analyzer, using a working protocol 
recommended in other studies [23]. 

Also, the same muscles were used to 
sample 100 g pieces to be submitted to drip 
loss (DL) via tube centrifugation (15 min, 
4000 rpm, at 4°C), in accordance with an 
analytical protocol adapted after a method in 
literature [18] and to cooking loss testing 
(CL) via boiling 45 min. in sealed plastic 
bags, using a method recommended by the 
scientific literature [7]. 

Each test comprised 2 replications, thus 
n=60 per group and per analyzed trait (shear 
force reading, drip loss, cooking loss). 

Acquired data was submitted to 
descriptive statistics computation and to 
analysis of variance calculation, followed by 
post-hoc testing, in order to assess the 
significance level of the differences between 
means, using a GraphPad Prism 8 for 
Windows statistical software, in accordance 
with the methods proposed in literature for 
agricultural and food experimental data [13]. 
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RESULTS AND DISCUSSIONS 
Data on the shear force reading of 

refrigerated and frozen-thawed fillets are 
presented in table 1 (chart included). 

In control group of the refrigerated samples, 
the shear force varied between 20.8 and 25.60 
N/cm2, resulting an average of 22.48±0.15 
N/cm2, that exceeded with 2.14% (P<0.05) and 
with 2.80% (P<0.01) the values read for groups 
R1 (22.96±0.12 N/cm2) and R2 (23.11±0.09 
N/cm2). The findings suggest that higher 

temperatures in scalding, corroborated with 
lower ones in chilling and with higher ones in 
packaging induced either more moisture loss, 
then a loss of meat juiciness and an increased 
forced necessary to cross-section the samples, 
simulating thus a less tender meat during 
mastication or induced sarcomere shortenings, 
then a higher opposition of the meat to be 
sectioned and chewed in real consumer eating 
process. This would be interesting to examine 
as a follow-up of the research. 

 
Table 1 – Average values of the Shear force readings (N/cm2) 

achieved on refrigerated and frozen-thawed broiler breast fillets 
 

Refrigerated meat 

 

Groups Mean Std. error CV % Min. Max. 
CR 22.48 ±0.15 6.26 20.80 25.60 
R1 22.96 ±0.12 3.61 21.80 24.10 
R2 23.11 ±0.09 2.30 21.80 23.70 

Comparisons % Stat. significance 
RF =100% RC vs. R1 * 0.01<P=0.024<0.05
R1 +2.14% RC vs. R2 ** 0.001<P=0.002<0.01
R2 +2.80% R1 vs. R2 Ns 0.05<P=0.24 

Frozen – thawed meat 

 

Groups Mean Std. error CV % Min. Max. 
CF 18.90 ±0.09 2.83 18.10 19.70 
F1 18.65 ±0.07 1.80 18.10 19.30 
F2 18.59 ±0.07 1.78 18.20 19.20 

Comparisons % Stat. significance 
CF =100% FC vs. F1 ** 0.001<P=0.003<0.01
F1 -1.32% FC vs. F2 *** P=0.0002<0.001 
F2 -1.62% F1 vs. F2 Ns 0.05<P=0.35 

 
In the frozen samples, the results revealed 

that the lowering of the freezing temperature 
and its maintenance it within tighter 
intervals, compared to control, induced 
probably a more intense degradation of the 
muscle cells membranes and of the inner 
connective stroma in the meat, resulting, in 
appearance, a more tender meat in F1 and F2 
group, less 1.3%…1.62% force being needed 
to cross section the samples. However, these 
findings should be correlated with the 
technological traits of the meat, because loss 
of structure in meat is often accompanied by 
drip loss. The differences between treatments 
were distinguished significant (FC vs. F1) 
and highly significant (FC vs. F2). 

Drip loss values are revealed in table 2 
(charts included), for both types of fillets 
analyzed (refrigerated and frozen-thawed). 
Also, the 2nd investigated technological trait, 
the cooking yield revealed values presented 
in table 3 (charts included). 

Related to the drip loss percentage, in 
refrigerated meat, control group, this was 
assessed between 1.72-1.90%, resulting and 
average of 1.86±0.04%, value lower with 
3.94-6.90% than those observed in R1 and 
R2 groups. The differences between 
experimental treatments (R1=1.93% DL, 
R2=1.98% DL) and the control samples were 
both highly significant (P<0.001), suggesting 
thus that higher temperatures in scalding and 
packaging points influence the drip loss with 
a probability above 99.9%. 
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Table 2 – Drip loss values (%)  
measured on refrigerated and frozen-thawed broiler breast fillets 

 

Refrigerated meat 

 

Groups Mean Std. error CV % Min. Max. 
CR 1.86 ±0.04 4.14 1.72 1.97 
R1 1.93 ±0.03 3.47 1.80 1.99 
R2 1.98 ±0.03 2.66 1.91 2.09 

Comparisons % Stat. significance 
RF =100% RC vs. R1 *** P=1.77x10-7<0.001 
R1 +3.94% RC vs. R2 *** P=6.19x10-19<0.001
R2 +6.90% R1 vs. R2 *** P=2.01x10-6<0.001 

Frozen – thawed meat 

 

Groups Mean Std. error CV % Min. Max. 
CF 2.76 ±0.04 3.17  2.60 
F1 2.83 ±0.03 1.86  2.71 
F2 2.94 ±0.03 2.16  2.85 

Comparisons % Stat. significance 
CF =100% RC vs. R1 *** P=4.57x10-7<0.001 
F1 +2.55% RC vs. R2 *** P=5.01x10-23<0.001
F2 +6.24% R1 vs. R2 *** P=1.82x10-16<0.001

 
Table 3 – Cooking loss values (%)  

measured on refrigerated and frozen-thawed broiler breast fillets 
 

Refrigerated meat 

 

Groups Mean Std. error CV % Min. Max. 
CR 19.36 ±0.08 1.99 18.70 19.90 
R1 20.38 ±0.08 1.94 19.80 20.90 
R2 20.90 ±0.09 2.21 20.10 21.90 

Comparisons % Stat. significance 
RF =100% RC vs. R1 *** P=1.6x10-27<0.001 
R1 +5.27% RC vs. R2 *** P=2.4x10-39<0.001 
R2 +7.95% R1 vs. R2 *** P=1.1x10-9<0.001 

Frozen – thawed meat 

 

Groups Mean Std. error CV % Min. Max. 
CF 26.90 ±0.13 3.55 25.60 28.30 
F1 27.35 ±0.13 3.68 25.70 28.90 
F2 27.38 ±0.10 2.26 26.80 28.40 

Comparisons % Stat. significance 
CF =100% RC vs. R1 * 0.01<P=0.013<0.05
F1 +1.67% RC vs. R2 ** 0.001<P=0.002<0.01
F2 +1.77% R1 vs. R2 n.s. 0.05<P=0.64 

 
In frozen samples (table 2), drip loss was 

even higher (2.76% in FC, 2.83% in F1 and 
2.94% in F2) (P<0.001 for all comparisons), 
following the same trend like in shear force, 
suggesting also the more severe damage in 
muscle structure due to a more intense 

forming of ice crystals at lower freezing 
temperatures.  

Cooking loss (table 3) varied accordingly, 
thus it reached 19.36% in refrigerated control 
samples and was 5.27% higher in R1 group 
(CL=20.38%) and 7.95% more intense in R2 
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group (CL=20.90%), compared to control, 
the differences being highly significant 
(P<0.001). 

In frozen samples of breast fillets, the 
cooking loss was more intense comparing to 
refrigeration and reached 26.90% in control 
group, while the experimental treatments 
were 1.67% and 1.77% higher in terms of 
cooking loss (F1=27.35% CL, P<0.05 vs. 
control and F2=27.38% CL, P<0.01 vs. 
control). Lower significance values of the 
differences between treatments in frozen 
samples suggests the fact that freezing affects 
meat structure in a closer manner, regardless 
the temperatures used in freezing, if we 
discuss the phenomenon in comparison with 
the refrigeration. 

As follow-up, the instrumental and 
analytical findings on meat texture subjected 
to different cold treatment temperatures 
should be accompanied by a sensory 
evaluation panel and/or by a histological 
study on muscle structure, to identify to 
which extent the frost destroys the connective 
stroma and the sarcolemma in muscle fibers. 

 
CONCLUSIONS 

Shear Force proved to increase as the 
temperature in scalding and sorting 
packaging was higher, due probably to more 
intense water loss and concentration of dry 
matter. 

The preservation through freezing acted 
as a tenderizer, probably due to connective 
tissue and to myocytes membranes 
disruptions. 

It should be investigated to what extent 
the destruction of the connective stroma due 
to ice crystals really acts toward tenderizing, 
because losing the structure eventually lead 
to poor texture and lower juiciness.  

The technological parameters of the 
breast meat varied accordingly, following the 
shear force progression, thus the samples 
with higher Shear Force values had lower 
Drip Loss and Cooking Loss values. 
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