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Abstract 
 
This study aims to explore and enhance the quality attributes of pheasant meat (Phasianus colchicus). The animals were 

not used exclusively for research purposes; rather, the game reserve manager authorized the collection of samples for 

scientific analysis, as outlined in the annual wildlife management plan. The research protocol adheres to bioethical 

guidelines, including principles of Replacement, Reduction, and Refinement to minimize animal use and harm. Feed 

supplementation was provided during the winter months, averaging 85.5 kg/animal/year, consisting of cereals, seeds, 

fruits, and root vegetables such as beets, turnips, and potatoes. Two distinct anatomical regions, the breast (Musculus 

pectoralis) and thighs (Musculus femoralis), were subjected to different tenderization techniques, specifically tumbling 

and tenderizing treatments. The study focused on chemical composition, texture, and pH balance, providing key insights 

into optimizing both the tenderness and nutritional value of pheasant meat based on the applied methods. The raw 

material was obtained from a hunting reserve by Romania's National Hunting and Wildlife Protection Legislation (Law 

No. 407/2006). Meat processing involved anatomical sectioning, deboning, and trimming in a microproduction unit, 

followed by storage in controlled refrigeration at 2-4°C to ensure optimal analysis conditions. Pheasant meat is 

recognized as a valuable source of high-quality protein essential for tissue growth and repair. The literature confirms a 

significant content of vitamins and minerals, including vitamin B12, iron, and zinc, which support optimal human 

health. The results indicated that while both tenderization techniques are effective, tumbling produced a marginal but 

notable improvement in meat tenderness. Although modest, this improvement can have a meaningful impact on both 
consumers and the food industry, highlighting the importance of selecting the optimal processing method to achieve the 

desired quality of the final product. Our research offers valuable insights for the food industry, suggesting promising 

directions for developing new pheasant meat products and promoting a healthy, balanced diet. The use of diverse 

evaluation methods provided a comprehensive understanding of pheasant meat quality and tenderness, reinforcing 

confidence in the study's findings. 
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To enhance the nutritional quality of 
pheasant meat through optimal tenderization, 
several key conditions and methods have been 
identified. These include postmortem handling, 
enzymatic treatments, and innovative processing 
techniques. Maintaining low temperatures (around 

10 °C) during storage for approximately 9 days has 
been shown to improve meat tenderness and 
sensory acceptance compared to higher 
temperatures (Barnes et al, 1973). 

The postmortem biology of muscle tissue 
indicates that low pH and high ionic strength can 
facilitate myofibrillar protein degradation, 

important for tenderization (Huff-Lonergan & 
Lonergan, 1999). The application of papaya latex 
proteases, particularly chymopapain, effectively 
degrades muscle proteins and connective tissue, 
enhancing tenderness (Kang & Warner, 1974). 
This method can be applied pre- or postmortem for 

optimal results. Utilizing electrical stimulation 
during processing can significantly improve 
tenderness by promoting muscle relaxation and 
protein breakdown (Burnett, 1997). This technique, 
applied for 8 to 13 seconds, enhances the overall 
quality of the meat. 

While these methods show promise, it is 
essential to consider that excessive tenderization 
may lead to a loss of desirable texture and flavor, 
indicating a need for balance in processing 
techniques. 

 
MATERIAL AND METHOD  

 
For this study, the first stage consisted in the 

collection of biological material, represented by 
three pheasant carcasses, purchased from a 
hunting ground located in Tulcea County. The 
carcasses were transported under refrigerated 
conditions (4°C). The areas affected by the shot 
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wound were removed to avoid negative influences 
on the quality of the samples. Subsequently, the 
carcasses were sectioned into the main anatomical 
regions: breast, legs, wings and back. To detach 
each region, the natural joints of the pheasants 
were followed. Complete deboning of the thighs 
was accomplished by sectioning at the joints and 
removing the bones. Each region was cleaned of 
connective tissue, bone, fat and tendons. From 
these anatomical regions, only the breast 
(Musculus pectoralis) and thighs (Musculus 
femoralis) were selected for analysis, as they 
provide a sufficient amount of material and a 
superior quality for the proposed tests. The total 
quantity obtained was 600 g of the pulp and 800 g 
of the breast, each divided into two equal portions 
for further processing. 

Nitrate salt, known for its properties to 
improve moisture retention and tenderization of the 
meat, was used for part of the samples (16 g 
breast (Musculus pectoralis) and 12 g thighs 
(Musculus femoralis). The sodium nitrite included 
in the salt helped to prevent fat oxidation and 
extend the shelf life. The salted samples were 
placed for 30 minutes in a continuously running 
vacuum tumbler at 10 rpm to facilitate uniform 
marinading. For the remaining samples, a manual 
tenderizing machine was used, applying a series of 
4 strokes on each piece of meat to break the 
muscle fibres and increase tenderness. 

After processing, the samples were 
categorized according to anatomical region and 
type of processing: tender breast, tumbler breast, 
tender flesh and tumbler flesh. Each sample was 
packed in vacuum-sealed bags, labeled and stored 
at 2°C to 4°C until analysis. 

The texture of the meat was assessed using 
a texturometer equipped with a Series 5 
dynamometer with a maximum force of 1000 N and 
a resolution of 0.01 N. The samples were 
subjected to the Warner-Bratzler test using a V-
type knife probe and the knife travel speed was set 
at 200 mm/min. Parameters evaluated included: 
hardness, elasticity, adhesion, chewability and 
resilience. The fat (%), water (%), protein (%), 
collagen (%) and salt (%) content was also 
analyzed using the Omega Bruins Food-Check 
near-infrared spectrophotometer (NIR) (Bruins 
Instruments GmbH, Puchheim, Germany). NIR 

refers to a region of the electromagnetic spectrum 
adjacent to the infrared range, characterized by 
wavelengths between approximately 700 and 2500 
nanometres. In this range, visible light consists 
mainly of red, orange and yellow hues. These 
wavelengths allow the absorption and emission of 
radiation by various substances and facilitate 
interactions with various materials and biological 
systems. The pH of the samples was measured 
with a Testo 206-pH1 digital pH meter equipped 
with an integrated temperature probe. The pH 
electrode was calibrated before each 
measurement and was washed with distilled water 
to ensure accuracy. pH values were automatically 
recorded and measurements were repeated for 
accuracy. All experiments were conducted in five 
replicates, and the results are presented as mean 
± standard deviation. Statistical analysis was 
performed using one-way analysis of variance 
(ANOVA) with IBM SPSS Statistics version 21. A 
p-value of less than 0.05 was considered to 
indicate statistically significant differences.  

 
RESULTS AND DISCUSSION  

 

In table 1, the physicochemical results from 
the Musculus pectoralis of pheasants (Phasianus 

colchicus) were compared between two treatments: 
tumblerization (TU) and tenderization (TE). Table 
1 presents the average values and standard errors 
(SE) for moisture, protein, collagen, fat, salt, and 
pH, highlighting significant differences between 

the treatments. The p-value (p < 0.001) indicates a 
statistically significant decrease in moisture 
content in the TE group compared to TU. The TE 
treatment significantly increased protein content (p 
< 0.001), suggesting that tenderization had a 
positive effect on the protein concentration. 
Although the collagen content is lower in the TE 

group, the difference is highly significant (p < 
0.001), which could imply that tenderization 
slightly breaks down collagen compared to 
tumbling. A small but statistically significant 
increase in fat content (p < 0.001) was observed 
with the tenderization process, possibly due to fat 
retention.  

Table 1 
The physicochemical results obtained from the Musculus pectoralis samples subjected to the tenderization 

treatment and the tumblerization treatment 

Musculus pectoralis 

E.G. Physicochemical parameters (%) 

 
Moisture Protein Collagen Fat Salt Ph 

TU 73.94±1.023 20.78±1.052 19.90±0.392 1.88±0.014 2.34±0.067 5.86±0.043 

TE 72.93±1.025 22.25±1.732 19.71±0.533 2.09±0.200 1.38±0.074 5.54±0.123 

 p-value 
p < 0.001 

*** 
p < 0.001 

*** 
p < 0.001 

*** 
p < 0.001 

 *** 
p < 0.001 

*** 
p < 0.001  

*** 
Values are presented as means ± standard error (SE) with five replicate determinations; ANOVA and t-test were used to compare 
differences; ns = p > 0.05 (not significant); *** = p < 0.001 (highly significant). E.G.- experimental groups; TU- tumbling treatments; TE- 

tenderizing treatments.  
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The salt content is significantly higher in 

the TU group (p < 0.001), which may relate to 
differences in processing techniques or seasoning 
absorption. A significant reduction in pH (p < 
0.001) is noted for the TE group, which could 
reflect differences in muscle breakdown or post-
treatment biochemical reactions. 

Although the collagen content is lower in 

the TE group, the difference is highly significant 
(p < 0.001), which could imply that tenderization 
slightly breaks down collagen compared to 
tumbling. A small but statistically significant 
increase in fat content (p < 0.001) was observed 
with the tenderization process, possibly due to fat 
retention. The salt content is significantly higher 

in the TU group (p < 0.001), which may relate to 
differences in processing techniques or seasoning 
absorption. A significant reduction in pH (p < 
0.001) is noted for the TE group, which could 
reflect differences in muscle breakdown or post-
treatment biochemical reactions.   

The table 2 presents the physicochemical 

results for the Musculus femoralis of pheasants 
(Phasianus colchicus) subjected to two different 
treatments: tumbling (TU) and tenderizing (TE). 
The data shows the average values ± standard 
error (SE) for moisture, protein, collagen, fat, salt, 
and pH, along with their respective significance 
levels. The tenderized group (TE) showed 

significantly higher moisture content than the 
tumbling group (p < 0.001), which may suggest 
better water retention after the tenderization 
process. The protein content is significantly 
higher in the TE group (p < 0.001), which implies 
that tenderization positively effects the protein 
concentration in the Musculus femoralis. 

Although the collagen content is slightly lower in 
the TE group, this difference is statistically 
significant (p < 0.001), suggesting that 
tenderization breaks down collagen more 
effectively than tumbling.  

 
Table 2 

The physicochemical results obtained from the Musculus pectoralis samples subjected to the tenderization 
treatment and the tumblerization treatment 

Musculus femoralis 

E.G. Physicochemical parameters (%) 

 
Moisture Protein Collagen Fat Salt pH 

TU 72.21±0.396 20.49±0.857 19.56±0.064 5.63±0.041 2.51±0.001 5.72±0.027 

TE 73.14±0.331 21.16±0.181 19.48±0.063 5.51±0.718 2.76±0.008 6.02±0.271 

p-value 
p < 0.001 

*** 
p < 0.001 

*** 
p < 0.001 

*** 
p < 0.001  

*** 
p < 0.001  

*** 
p < 0.001  

*** 
Values are presented as means ± standard error (SE) with five replicate determinations; ANOVA and t-test were used to compare 
differences; ns = p > 0.05 (not significant); *** = p < 0.001 (highly significant). E.G.- experimental groups; TU- tumbling treatments; TE- 

tenderizing treatments.  

 
A slight reduction in fat content was 

observed in the TE group, but the difference 
remains statistically significant (p < 0.001). The 
variation in fat content could be related to 
differences in fat distribution or loss during 
tenderization. The tenderized group (TE) had 

significantly higher salt content than the TU group 
(p < 0.001), indicating greater salt absorption or 
retention during the tenderizing process.  

A significant increase in pH was noted in 
the TE group (p < 0.001). A higher pH in the 
tenderized samples may be due to biochemical 
changes during the tenderization process that 

affect the acid-base balance in the muscle. 
The increase in protein content through 

tenderization is a significant advantage for meat 
quality, according to figure 1. Higher protein 
levels are often associated with better nutritional 
value, making the tenderized Musculus femoralis 
more attractive to consumers who prioritise high-
protein diets (Bhat Z.F. et al, 2018). Additionally, 

the improved water and protein retention 
contribute to a juicier texture and potentially 

better flavour, enhancing the overall eating 
experience. 

This outcome also underscores the 
importance of selecting the right mechanical or 
enzymatic tenderization techniques to enhance 
both the sensory and nutritional properties of 

game meat, such as that of the pheasant (Viganò 
R. et al, 2019; Ciobanu M.M. et al, 2023).  

During the tenderization process, 
mechanical action may disrupt the fat globules 
embedded within the muscle tissue. This 
disruption can lead to the release of some fat, 
resulting in a lower fat percentage in the 

tenderized meat (figure 2). The tenderness 
achieved through this process may enhance the 
perception of flavor without the need for a higher 
fat content (Ouali A., 1990).  

The study is focused on improving the 
quality attributes of pheasant meat (Phasianus 

colchicus), analyzing how different mechanical 
treatments (tumbling vs. tenderizing) affect key 

physicochemical properties. The significant 
differences across all parameters suggest that 
tenderization enhances certain properties like 
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protein content and fat, while reducing moisture 

and salt. Lower pH and collagen values observed 
in the TE group suggest potential tenderizing 

effects, which are commonly associated with the 

softening of muscle tissue.  

Figure 1 Protein levels in the two anatomical areas studied (Musculus pectoralis and Musculus femoralis) 
subjected to TU (tumbling) and TE (tenderizing) treatment 

 

 
Figure 2 Fat level in the two anatomical areas studied (Musculus pectoralis and Musculus femoralis) subjected to 

TU (tumbling) and TE (tenderizing) treatment 

 

These alterations may reflect changes in the 
structural integrity of the muscle fibers, leading to 
enhanced tenderness. A decrease in pH could 
result from biochemical processes such as the 
breakdown of muscle proteins, particularly 
myofibrillar proteins like actin and myosin, which 
are sensitive to acidic conditions. This breakdown 

leads to the release of intracellular ions, 
contributing to a lower pH environment. At the 
same time, reduced collagen values may indicate 
a reduction in the structural integrity of the 
connective tissue, which plays a crucial role in 
maintaining muscle firmness. As collagen is 
partially degraded by enzymatic or acid-induced 
processes, the muscle fibers become less 

encumbered by the surrounding tissue, thereby 
enhancing tenderness and improving the overall 
textural properties of the meat (Lonergan S.M., 
Huff-Lonergan E., 2006). 

The study is focused on improving the 
quality attributes of pheasant meat (Phasianus 

colchicus), analyzing how different mechanical 

treatments (tumbling vs. tenderizing) affect key 
physicochemical properties. The significant 
differences across all parameters suggest that 
tenderization enhances certain properties like 

protein content and fat, while reducing moisture 
and salt. Lower pH and collagen values in the TE 
group may be indicative of tenderizing effects, 
which typically aim to soften muscle tissue.  

The table 3 presents the cutting forces (in 
Newtons) for two anatomical areas of the 
pheasant (Phasianus colchicus): Musculus 

pectoralis and Musculus femoralis, under two 
different treatment conditions: Tumbling 
treatments (TU) and Tenderizing treatments (TE). 

For Musculus pectoralis, p > 0.05 (ns) 
indicates no significant difference between the 
two treatments for this anatomical area. Both 
tumbling and tenderizing treatments resulted in 
similar cutting forces, indicating that neither 

method significantly enhanced the tenderness of 
the pectoral muscle. This could imply that 
Musculus pectoralis naturally possesses sufficient 
tenderness or that the treatments applied did not 
affect its cutting force. Musculus femoralis p < 
0.001 (***), indicating a highly significant 
increase in cutting force with tenderizing 

treatment compared to tumbling treatment. The 
tenderizing treatment resulted in a significantly 
higher cutting force than the tumbling treatment. 
This suggests that tenderizing methods are 
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effective in enhancing the tenderness of the 

femoral muscle, which could lead to improved 

palatability and consumer acceptance of pheasant 

meat. 
 

 
Figure 3 Collagen, salt and moisture level in the two anatomical areas studied (Musculus pectoralis and 

Musculus femoralis) subjected to TU (tumbling) and TE (tenderizing) treatment 

 

Table 3 
Cutting forces (in Newtons) for two anatomical areas of the pheasant (Phasianus colchicus): Musculus 

pectoralis and Musculus femoralis 

Cutiing forces (N) 

E.G. Anatomical Area 

 Musculus pectoralis Musculus femoralis 

TU 23.26±0.492 42.17±0.544 

TE 23.7±0.152 52.35±0.225 
p-value p > 0.05ns p < 0.001*** 

Values are presented as means ± standard error (SE) with five replicate determinations; ANOVA and t-test were used to compare 
differences; ns = p > 0.05 (not significant); *** = p < 0.001 (highly significant). E.G.- experimental groups; TU- tumbling treatments; TE- 

tenderizing treatments.  

 

 
CONCLUSIONS 

 

The increase in protein content through 

tenderization represents a significant advantage for 
the quality of pheasant meat (Phasianus 

colchicus). Higher protein levels not only enhance 
the nutritional value of the meat but also make the 
tenderized Musculus femoralis more appealing to 
consumers, particularly those who prioritize high-
protein diets. Furthermore, the improved water and 

protein retention resulting from tenderization 
contributes to a juicier texture and potentially 
better flavor, which enhances the overall eating 
experience. These factors are important for 
consumer satisfaction and can influence 
purchasing decisions in the market. 

This study underscores the importance of 

selecting appropriate mechanical or enzymatic 
tenderization techniques to enhance both the 
sensory and nutritional properties of game meat. 
By optimizing these methods, producers can 

significantly improve the quality attributes of 
pheasant meat, catering to consumer preferences 
for healthier, high-quality meat products. 

Ultimately, the insights gained from this 

research can guide industry practices and 
contribute to the successful marketing of pheasant 
as a premium protein source. This study focuses on 
enhancing the quality attributes of pheasant meat 
(Phasianus colchicus) by analyzing the effects of 
different mechanical treatments—tumbling versus 
tenderizing—on key physicochemical properties. 

The significant differences observed across various 
parameters indicate that tenderizing treatments 
(TE) effectively improve certain qualities of the 
meat, such as protein content and fat levels, while 
simultaneously reducing moisture and salt content. 
For Musculus pectoralis, no significant difference 
was observed between the two treatments (p > 

0.05), suggesting that both tumbling and 
tenderizing had similar effects on cutting force, 
without significantly improving the tenderness of 
this muscle. In contrast, for Musculus femoralis, 



Lucrări Ştiinţifice – vol. 67(2)/2024, seria Agronomie 

 

92 

 

the tenderizing treatment significantly increased 

the cutting force (p < 0.001), indicating the 
effectiveness of this treatment in enhancing the 
tenderness of the femoral muscle, contributing to 
better acceptability of pheasant meat. 

The findings provide insights into 
optimizing the tenderness and quality of pheasant 
meat, suggesting that specific treatments, 

particularly tenderizing methods, are more 
effective for certain anatomical areas. This 
information could guide poultry producers and 
processors in developing better meat quality 
enhancement strategies, potentially influencing 
market competitiveness and consumer satisfaction. 
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