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Abstract

The aim of this study was to compare the nutritional value, technological and sensory properties 
of pork loin and ham, and their changes during freezer storage. After slaughter and post-slaugh-
ter processing in the Warmia Meat Processing Plant in Biskupiec, carcasses were chilled  
at a temperature of 2-4°C for 24 h. Samples of loin (longissimus dorsi muscle, LD) and ham 
(semimembranosus muscle, SM) were collected from right half-carcasses. Loin and ham samples 
were divided into three portions. The first portion (fresh meat) was analyzed immediately, and 
the second and third portions were frozen and stored at a temperature of -18°C for one month 
and three months, respectively. Samples of fresh and stored meat were analyzed to determine 
their chemical composition, active acidity, water-holding capacity (WHC), emulsifying capacity, 
and color (CIE L*, a*, b* color space). The values of chroma (C*) and hue angle (h°) were calcu-
lated based on the values of color parameters a* and b*. Steam-cooked samples were analyzed 
to determine cooking loss and sensory attributes. The content of dry matter (DM) and fat was 
higher, and the protein concentration was lower in ham than in loin. The chemical composition 
of loin and ham, in particular DM content, was also affected by freezer storage. The pH values 
of both muscles were comparable, which points to the high quality of the analyzed meat, and 
they decreased in both loin and ham during freezer storage. Changes in active acidity observed 
in frozen loin and ham were reflected in the functional properties of meat. The emulsifying  
capacity increased and the WHC decreased, which resulted in greater cooking loss. An analysis 
of fresh meat samples revealed that loin was characterized by lower WHC and higher cooking 
loss than ham. Ham was darker in color than loin, and color lightness decreased in both loin 
and ham with prolonged freezer storage. The storage of frozen meat had a positive influence  
on its sensory attributes. Meat samples stored in a freezer for three months received the highest 
scores in the sensory analysis, and loin scored somewhat higher than ham. 
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INTRODUCTION

Pork quality is determined by various factors, including the diet, breed, 
sex and type of pigs (Sobotka et. al. 2012, Przybylski et al. 2012, Śmiecińska 
et. al. 2021, Karpiesiuk et al. 2023). The nutritional value, sensory attri-
butes, technological properties, and safety of meat are important quality 
characteristics for both producers and consumers (Kajak et al. 2007,  
Daszkiewicz 2022). Various methods are used to preserve meat and retain  
its high quality by protecting the raw materials against the adverse effects 
of chemical, physical, and biological factors. Freezing is one of the most com-
mon methods of meat preservation (Kozłowicz et al. 2016), preferred by pro-
cessing plants, wholesalers, retailers, and consumers (Lagerstedt et al. 2008, 
Muela et al. 2015). It should be noted that both the freezing process and 
further storage at sub-zero temperatures not only preserve the raw material, 
but also directly affect selected technological and sensory properties of meat 
(Leygonie et al. 2012, Tereszkiewicz et al. 2018). Changes are observed  
in the pH value, color, and water-holding capacity (WHC) of meat. The dry 
matter (DM) content and tenderness of meat increase. Cooking loss and the 
gelling ability of muscle proteins also change after heat treatment (Leygonie 
et al. 2012, Muela et al. 2015). Meat should always be frozen as fast as pos-
sible, and the temperature in the freezer will depend on the size of the cut. 
Optimal freezing and frozen storage parameters may also vary depending on 
the type of meat and the intended storage period (PN-A-07005:2006). Accord-
ing to the literature, frozen meat can be stored over a wide range of tem-
peratures, from -18°C to – 55°C (Zhou et al. 2010, Leygonie et al. 2012), and 
-40°C is considered to be optimal (Kozłowicz et al. 2006). Frozen meat should 
be stored for a limited period of time due to the risk of undesirable microbi-
ological and enzymatic changes. In addition, lipids contained in meat under-
go oxidative and hydrolytic processes, and protein denaturation and enzyme 
inactivation may occur during long-term frozen storage of meat. 

The aim of this study was to compare the nutritional value, technological 
and sensory properties of pork loin (longissimus dorsi muscle, LD) and ham 
(semimembranosus muscle, SM), and their changes during freezer storage.

MATERIALS AND METHODS

The experiment was granted Approval no 23/2013 issued by the Animal 
Ethics Committee, the University of Warmia and Mazury in Olsztyn. 

The experimental materials comprised meat samples collected from the 
carcasses of 30 crossbred fattening pigs (♀ Polish Large White x Polish 
Landrace) x ♂ Duroc of similar body weight (approx. 115 kg), raised on  
a farm administered by the Department of Animal Nutrition, Feed Science 
and Cattle Breeding. The experimental design is presented in Table 1.
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Table 1 
Experimental design

Specification

Experimental group
Muscle type (M)

longissimus dorsi (LD)
loin

semimembranosus (SM)
ham

Storage time (T)
fresh meat 1 month 3 months fresh meat 1 month 3 months

Analyzed parameters
Number of meat 
samples (n) 30 30 30 30 30 30

Chemical composition 
of loin and ham + + + + + +

Technological proper-
ties of fresh meat + + + + + +

Technological  
and sensory properties 
of cooked meat

+ + + + + +

+/ analyses performed in the study

The animals were housed individually in metabolism crates, and were 
fed diets for two-phase fattening, whose composition is specified in Table 2. 
Feed in a friable form (feed/water ratio of 1:1) was administered twice daily 
at 700 a.m. and 200 p.m. Pigs had free access to water. The nutritional value 
of complete feed diets is presented in Table 2.

After slaughter and post-slaughter processing in the Warmia Meat  
Processing Plant in Biskupiec, carcasses were chilled at a temp. of 2-4°C  
for 24 h. Samples of loin (LD muscle) and ham (SM muscle) were collec- 
ted for analyses from right half-carcasses (Table 1). Adequately protected 
samples were delivered to the Department of Food Microbiology, Meat Tech-
nology and Chemistry. Loin and ham samples were divided into three  
portions. The first portion (fresh meat) was analyzed immediately, and the 
second and third portions were frozen and stored at a temp. of -18°C for one 
month and three months, respectively. After the respective freezer-storage 
periods, meat samples were thawed by the conventional method, under  
refrigerated conditions (4°C), for 24 h. Samples of fresh and stored meat 
were analyzed to determine their proximate chemical composition – by 
AOAC methods (2007), emulsifying capacity – as described by Świderski 
(1989), active acidity (pH) – with a Radiometer pH-meter and the PHC 4406 
electrode, WHC – by the Grau and Hamm method modified by van Oeckel  
et al. (1999), and color – by the reflectance method in the CIE L*, a*, b* color 
space with a Minolta CR-400 chroma meter. The values of chroma (C*) and 
hue angle (h°) were calculated based on the values of color parameters a* and 
b* using the following equations (Mordenti et al. 2012): C=[(a*)2 + (b*)2]0.5, 
h°=b*/a*. 
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The meat was heat-treated with hot steam at 100°C in a BECK FCV 
4EDS (Germany) combi oven until it reached 75°C inside the product. Senso-
ry attributes of the meat, including flavor, aroma, color and texture, were 
evaluated on a five-point scale. The evaluation was carried out by a 10-mem-
ber team, whose members were screened for individual sensory sensitivity 
and trained in food sensory analysis. The tests were conducted in accordance 
with normative requirements, in a properly equipped sensory analysis  
laboratory (PN-ISO 4121:1998; PN-ISO 6658:1998; PN-EN ISO 8589:2010/
A1:2014-07).

The results were processed statistically by two-way multivariate analysis 
of variance (MANOVA) for orthogonal designs with the use of Statistica 13.0 
PL software (2017). The significance of differences between mean values  
in groups was determined by the Duncan’s multiple range test at a signifi-
cance level of p≤0.05 and p≤0.01

Table 2
Composition and nutritive value of diets for growing-finishing pigs

Specification

2-phase feeding system
complete diets

Grower
from 30-70 kg
body weight

Finisher
from 70 to 115 kg

body weight
Ground wheat (%) 40.00 40.00
Ground barley (%) 37.75 42.08
Extraction soybean meal (%) 13.00 6.50
Extraction rapeseed meal ,,00’’ (%) 5.00 8.00
Rapeseed oil (%) 1.00 1.00
Mineral feed + premix (%) * 3.00 2.20
L-lysine HCL- 78% (%) 0.25 0.22

Nutritional value of experimental mixtures
Crude protein (%) ** 17.15 14.85
Total lysine (%) *** 0.99 0.79
Total methionine with cysteine (%) *** 0.73 0.62
Total threonine (%) *** 0.64 0.51
Total tryptophan (%) *** 0.22 0.18
Crude fiber (%) ** 4.41 4.94

Metabolizable energy (MJ/kg-1 )*** 13.11 13.15

***  limestone (1.0 /0.7); dicalcium phosphate (0.7/0.5); salt (0.3/0.3); mineral vitamin premix 
(1.0/0.7);

*** values was determined according to standard methods (AOAC 2007);
***  values calculated on the basis of own research data Sobotka, Drażbo (2019) and data from 

the Nutrient Requirement of Pigs (2014).
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RESULTS AND DISCUSSION

The chemical composition of loin (LD muscle) and ham (SM muscle)  
depending on muscle type (M) and storage time (T) is presented in Table 3. 

Table 3
Chemical composition of pork loin (longissimus dorsi muscle, LD) and ham (semimembranosus muscle, SM)

Specification
Stat.
me-

saure

Experimental factor

SEM

Significance level 
p≤

muscle type (M) storage time (T)
 
M

 
T

MxT 
interac-

tion
LD
loin

SM
ham

fresh 
meat

1
month

3
months

Dry matter (%) x 25.32 25.64 25.45 26.42 27.78 0.113 ns * ns

Ash (%) x 1.14 1.18 1.16 1.10 1.09 0.007 ns * *

Protein (%) x 21.04 20.05 20.62 20.84 20.85 0.073 * ns ns

Fat (%) x 2.98 3.83 3.34 3.45 3.43 0.062 ** ns ns

Explanation:  M – muscle type, T – storage time, x – arithmetic mean, * mean values given in the table rows 
differ significantly at p≤0.05, ** mean values given in the table rows differ significantly at p≤0.01, 
ns – not significant

Differences were found in the chemical composition of the analyzed mus-
cles. The content of DM (25.64%) and fat (3.83%) was higher, and protein 
concentration (20.05%) was lower in ham than in loin, but the noted diffe- 
rences were not significant (p<0.05). An analysis of the chemical composition 
of loin and ham revealed that DM content increased significantly (p<0.05) 
with prolonged freezer storage. The average DM content of fresh meat was 
25.45%, and it increased to 26.42% and 27.78% after one month and three 
months of freezer storage, respectively. The ash content of loin and ham was 
also significantly (p<0.05) affected by storage time, and it ranged from 1.16% 
in fresh meat to 1.09% in frozen meat stored for three months. The content 
of protein and fat in meat increased during freezer storage, and the greatest 
change was noted after one month, but the observed differences were not 
significant. The protein content ranged from 20.62% in fresh meat to 20.85% 
in frozen meat stored for three months, and fat content ranged from 3.34% 
in fresh meat to 3.45% in frozen meat stored for one month. According  
to Farouk and Wieliczko (2003), and Domaradzki et al. (2011), the nutritional 
value of meat is determined mainly by its proximate chemical composition, 
which in turn is affected by both pre-slaughter and post-slaughter factors. 
The proximate chemical composition of meat may also vary depending on the 
applied preservation methods and changes induced by freezer storage. In the 
present study, the DM content of meat (i.e., its chemical composition) was 
significantly influenced by the time of freezer storage. 

The quality of fresh and stored meat can be described with the use of 
various indicators (Wereńska, Okruszek 2023, Zhang et al. 2023). One of the 
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key quality parameters is active acidity, which reflects postmortem muscle 
glycolysis (Chwastowska, Kondratowicz 2007, Domaradzki et al. 2012,  
Przybylski et al. 2012). Faoruk and Wieliczko (2003), Zhang et. al. (2021) 
demonstrated that after postmortem aging, changes in meat pH during pro-
longed storage could be due to the release of free amino acids and peptides 
during proteolysis. The technological properties of meat, examined in this 
study, are also affected by active acidity (Florek et al. 2004, Przybylski et al. 
2012). They include color, one of the first quality parameters evaluated  
by consumers.

An analysis of the color parameters of loin and ham (Table 4) revealed 
that muscle type (M) affected the color of fresh meat. Ham was darker  
in color than loin. Highly significant differences were found between the color 
parameters of ham: L*(40.06), a*(11.78), C*(12.20) and loin: L*(46.21), 
a*(8.56), C*(9.17). Muscle type had no significant effect on the values of b*, 
which reached 3.29 in loin and 3.22 in ham. Greater differences were  
observed in the values of hue angle (hº), which were determined at 0.38  
in loin and 0.27 in ham. A comparison of the color parameters of the ana-
lyzed muscles (Table 4) revealed that both loin and ham became darker  
in color with prolonged freezer storage (T), as shown by the values of L* 
(p<0.05) which decreased from 43.44 in fresh meat to 42.74 and 41.23 in fro-
zen meat stored for one month and three months, respectively. The opposite 
trend was noted in the values of color parameters a* (redness) and b*  

Table 4
Selected technological properties of pork loin (longissimus dorsi muscle, LD)  

and ham (semimembranosus muscle, SM)

Specification
Stat.
mea-
sure

Experimental factor

SEM

Significance level
p≤

muscle type (M) storage time (T)

M T
MxT 

interac-
tion

LD
loin

SM
ham

fresh 
meat

1 
month

3 
months

Meat color

L* x 46.21 40.06 43.44 42.74 41.23 0.34 ** * *

a* x 8.56 11.78 10.26 11.29 11.65 0.18 ** * *

b* x 3.29 3.22 3.26 3.45 3.54 0.15 ns * ns

C* x 9.17 12.20 10.76 11.81 12.17 0.26 ** ** **

h° x 0.38 0.27 0.31 0.31 0.30 0.08 ** ns ns

pH x 6.03 6.02 6.03 5.83 5.69 0.17 ns ** ns

Water-holding 
capacity (cm2) x 6.45  5.21 5.83 6.39 6.75 16.45 ** ** **

Emulsifying 
capacity (%)  
[cm3 oil 0.1 g-1]

x 78.64 82.41 80.65 81.28 82.12 0.46 ** * **

Cooking loss (%) x 31.55 29.47 30.51 33.33 35.32 0.32 ** ** **

Explanation:  x – arithmetic mean, M – muscle type, T – storage time, * mean values given in the table rows 
differ significantly at p≤0.05, ** mean values given in the table rows differ significantly at p≤0.01, 
ns – not significant
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(yellowness). In both loin and ham, the value of a* was significantly (p<0.05) 
lower in fresh meat than in frozen meat (10.26 vs. 11.29-11.65), and  
the value of b* increased significantly (p<0.05) from 3.26 in fresh meat  
to 3.45-3.54 in frozen meat.

The value of chroma (C*), calculated based on the values of a* and b*, 
also changed during freezer storage. The value of this parameter was highly 
significantly lower in fresh meat (10.76) than in frozen meat stored for one 
month and three months (11.81 and 12.17, respectively). The value of hue 
angle (hº) remained relatively unchanged (0.31 in fresh meat, 0.31 after one 
month of freezer storage, 0.30 after three months of freezer storage). 

The pH of both analyzed muscles (M) was comparable (6.03 in loin and 
6.02 in ham), which points to the high quality of meat (Table 4). The value  
of this parameter decreased highly significantly in both loin and ham during 
freezer storage (T), to 5.83 and 5.69 after one month and three months  
of storage, respectively. The rate of changes in pH was faster in the first 
month and slower in the two subsequent months. 

The functional properties of meat are affected by changes in pH values. 
The present study demonstrated that muscle type (M) had a highly signifi-
cant effect on WHC (Table 4), which was higher in loin than in ham (6.45 cm2 
vs. 5.21 cm2). The WHC of both loin and ham increased highly significantly 
(p<0.01) during storage (T), from 5.83 cm2 in fresh meat to 6.75 cm2 in frozen 
meat stored for three months. 

Meat becomes darker in color, and the value of lightness (L*) decreases 
with increasing pH values and prolonged freezer storage, which was also 
noted in this study. Similar observations were made by Wereńska and  
Okruszek (2023), who also found that meat color was altered by freezer burn. 
The correlation between the pH and color of meat has been described in the 
literature (Florek et al. 2004, Kajak et al. 2007, Song et al. 2021). The cited 
authors demonstrated that a decrease in pH induced changes in color and 
decreased the WHC of meat. The present study confirmed the above relation-
ships and revealed that the WHC of meat was directly related to cooking 
loss. The values of both parameters and their changes in pork stored in the 
freezer are consistent with those reported by other authors investigating 
pork, horsemeat, and beef (Orzechowska et al. 2010, Domaradzki et al. 2011, 
Stanisławczyk, Rudy 2017, Stanisławczyk et al. 2021).

The WHC of meat is reflected in cooking loss. In the current study  
(Table 4), loin was characterized by highly significantly (p<0.01) higher cook-
ing loss than ham (31.55% vs. 29.47%). Cooking loss increased (p<0.01) with 
prolonged freezer storage (T) in both loin and ham, from 30.51% (fresh meat) 
to 35.32% (frozen meat stored for three months).

Emulsifying capacity was another technological property of meat exam-
ined in this study (Table 3). The value of this parameter was highly signifi-
cantly (p<0.01) higher in ham (82.41 cm3 oil 0.1 g-1) than in loin (78.64 cm3 
oil 0.1 g-1). The emulsifying capacity of both loin and ham increased highly 
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significantly (p<0.01) during freezer storage (T), from 80.65 cm3 oil 0.1 g-1 in 
fresh meat to 82.12 cm3 oil 0.1 g-1 in frozen meat stored for three months. 
Previous research has shown that the emulsifying capacity and pH of meat 
are closely correlated (Qiao et al. 2001, Chan et al. 2011, Hemung et al., 
2013). The values of emulsifying capacity reported by the cited authors are 
similar to those determined in this study, but the reported results are some-
what different from the present findings. In the above studies, an increase in 
pH was accompanied by a decrease in emulsifying capacity. However, it 
should be noted that previous experiments involved protein extracts obtained 
from meat with different pH levels, whereas meat samples were analyzed in 
this study. 

The sensory attributes of meat are important indicators of quality for 
both consumers and producers. The analyzed samples of loin and ham re-
ceived high scores for sensory properties (Table 5). Loin scored somewhat 
higher than ham in terms of taste, aroma, color, and consistency, but the 

noted differences were not significant. According to research by Kozłowicz et 
al. (2006), and by Stanisławczyk and Rudy (2017), prolonged freezer storage 
limits adverse changes in meat lipids, which may compromise the sensory 
quality of meat. Freezing, storage and thawing affect the water fraction of 
meat, thus altering its structure and texture. 

The observed changes may have negative consequences, but they can 
also exert positive effects, mostly in terms of meat tenderness. The results  
of sensory analysis (Table 5) indicate that frozen loin and ham stored for 
prolonged periods of time scored higher for sensory attributes, and the diffe- 
rences in consistency were significant. 

Table 5
Sensory properties of cooked pork loin (longissimus dorsi muscle, LD) and ham (semimembranosus muscle, SM)

Specification Stat.
mea-
sure

Experimental factor

SEM

Significance
level p≤

muscle type (M) storage time (T)
M T

MxT
intera
ction

LD
loin

SM
ham

fresh 
meat

1
month

3
months

Taste [points] x 3.95 3.79 3.87 3.93 4.03 0.04 ns ns ns

Aroma [points] x 3.89 3.73 3.81 3.86 3.92 0.03 ns ns ns

Color [points] x 3.91 3.88 3.89 3.89 3.91 0.03 ns ns ns

Consistency [points] x 3.88 3.79 3.82 3.83 4.03 0.04 ns * ns

Overall score [points] x 3.85 3.80 3.83 3.88 4.00 0.04 ns * ns

Explanation:  M – muscle type, T – storage time, x – arithmetic mean, * mean values given in the table rows 
differ significantly at p≤0.05, ** mean values given in the table rows differ significantly at p≤0.01, 
ns – not significant
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CONCLUSIONS

Differences were found in the chemical composition of the analyzed mus-
cles. Pork loin, compared to ham, was characterized by a slightly higher 
amount of protein and a slightly lower content of DM and fat. The chemical 
composition of loin and ham, in particular DM content, was also affected by 
freezer storage. The pH values of both muscles were comparable, which 
points to the high quality of the analyzed meat, and they decreased in both 
loin and ham during freezer storage. Changes in active acidity observed  
in frozen loin and ham were reflected in the functional properties of meat. 
The emulsifying capacity increased and WHC decreased, which contributed 
to greater cooking loss. An analysis of fresh meat samples revealed that loin 
was characterized by lower WHC and higher cooking loss than ham. Ham 
was darker in color than loin, and color lightness decreased in both loin and 
ham with prolonged freezer storage. The storage of frozen meat had a posi-
tive influence on its sensory attributes. Meat samples stored in the freezer 
for three months received the highest scores in the sensory analysis, and loin 
scored somewhat higher than ham.
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