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ABSTRACT: Brining is an important meat-processing technique that can modify moisture distribution, technological 
properties, microbial stability and sensory quality. This study evaluated the effects of NaCl concentration and brining time 
on the physicochemical, microbiological and sensory properties of pork. Fresh pork was subjected to a 3 × 2 factorial 
arrangement involving 30, 60 and 90 min brining periods and 10 and 15% NaCl concentrations. Brining time increased 
salt uptake but was associated with greater drip loss and reduced water-holding capacity. The higher NaCl concentration 
promoted greater brine uptake but also increased drip loss and shear force. Brining markedly reduced the loads of 
Staphylococcus, Escherichia and Salmonella, with the strongest reductions generally occurring at longer exposure periods. 
Sensory evaluation showed improved colour, tenderness, flavour, juiciness and overall acceptability at 60 and 90 min 
compared with 30 min. The responses indicate that brining time and NaCl concentration should be considered jointly 
because greater salt uptake did not necessarily correspond with improved technological properties. Under the conditions 
of the present study, 15% NaCl for 60 min provided a favourable compromise between physicochemical characteristics, 
microbial suppression and sensory acceptability. 
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INTRODUCTION  
 
Pork is an important source of animal protein and is widely 
consumed globally, with global pig-meat consumption 
projected to approach approximately 130 million tonnes, 
expressed in carcass-weight equivalent, by 2034 (FAO, 
2025). Its nutritional value, versatility and relative 
affordability have contributed to its importance in human 
diets, while increasing consumer expectations have 
created greater demand for safe, nutritious and high 
quality meat (Ekpo et al., 2018; Adediran et al., 2025; 
Christopher et al., 2024; Sam et al., 2026a). Genetic 
improvement has contributed substantially to modern meat 
production through selection (Udo et al., 2025b) for rapid 
lean growth and production efficiency (Sam et al., 2020; 

Essien et al., 2023; Udo et al., 2025a), although such 
selection may also influence meat-quality characteristics 
(Lonergan et al., 2001; Yu et al., 2020; Udo et al., 2025a; 
Udo et al., 2025b; Assam et al., 2026a). Consequently, 
nutritional and post-harvest processing interventions are 
increasingly important for maintaining desirable meat 
quality (Xu et al., 2019; Assam et al., 2026b; Essien and 
Sam, 2018; Alphonsus et al., 2010; Alphonsus et al., 2012). 

Meat quality is determined by physicochemical, 
microbiological and sensory characteristics, including pH, 
moisture content, water holding capacity (WHC), cooking 
loss, colour, tenderness, juiciness, flavour and microbial 
stability (Udoudo et al., 2025; Ekpo et al., 2008). Brining is    
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an established meat-processing and preservation 
technique involving the exposure of meat to sodium 
chloride (NaCl) solution. During brining, salt diffuses from 
the surrounding solution into muscle tissue, where it 
interacts with myofibrillar proteins, influences water 
binding and contributes to flavour and preservation 
(Desmond, 2006; Inguglia et al., 2017). Salt penetration is 
driven primarily by the concentration gradient between the 
brine and meat, resulting in relatively rapid uptake during 
the early stages of processing followed by progressively 
slower diffusion as the gradient decreases. In pork, salt 
penetration can alter myofibrillar proteins, particularly 
myosin, and consequently affect water binding properties 
and meat structure (Visy et al., 2021a; Rahman, 2023). 

Brine concentration is therefore a major determinant of 
salt uptake and pork quality. Increasing NaCl 
concentration increases the concentration gradient and 
can enhance salt transfer into muscle. At appropriate 
concentrations, NaCl promotes myofibrillar protein 
solubilisation and can improve water binding, moisture 
retention and tenderness; excessive concentrations, 
however, may cause undesirable moisture movement, 
excessive saltiness and changes in texture (Desmond, 
2006; Inguglia et al., 2017). Previous studies have shown 
that brine concentration affects NaCl diffusion, moisture 
characteristics, water activity, shear force, microstructure 
and lipid oxidation in pork products (Ozuna et al., 2013; 
Yang et al., 2012; Lu et al., 2024). Thus, an appropriate 
concentration is required to obtain desirable technological 
and sensory properties without excessive salt 
accumulation or deterioration of product quality. 

Brining time is another critical factor because it 
determines the period available for salt diffusion and 
interaction between NaCl and muscle proteins. Salt uptake 
is generally greater during the early stages of processing 
and decreases as the concentration gradient becomes 
smaller (Visy et al., 2021b). Prolonged brining may 
therefore increase salt uptake without producing 
proportional improvements in quality and may contribute to 
excessive salinity or undesirable changes in moisture and 
texture. Conversely, inadequate processing time may 
result in insufficient salt penetration and limited 
improvement in product characteristics. Brining conditions 
may also influence microbial stability because sodium 
chloride reduces water availability and creates osmotic 
stress, although its antimicrobial effect depends on factors 
such as temperature, pH, moisture availability and 
processing hygiene (Inguglia et al., 2017; Khayrullin et al., 
2021). Sensory characteristics, including flavour, saltiness, 
tenderness and juiciness, are likewise influenced by the 
concentration and duration of brining (Yang et al., 2012; 
Gil et al., 2025). 

Previous research therefore demonstrates that pork 
quality during brining is influenced by the interaction 
between NaCl concentration and processing time, with 
effects on salt diffusion, protein functionality, moisture 
distribution, WHC, cooking loss, texture, oxidative stability, 
microbial    characteristics      and      sensory     acceptability  
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(Desmond, 2006; Inguglia et al., 2017; Ozuna et al., 2013; 
Visy et al., 2021a). However, there remains a need for 
systematic evaluation of these two major processing 
variables under defined conditions to establish their 
combined effects on pork quality. The present study 
consequently evaluates the effects of selected brining 
concentrations and brining times on the physicochemical, 
microbiological and sensory properties of pork, with the 
aim of identifying practical conditions that achieve an 
appropriate balance among salt uptake, moisture retention, 
technological quality, microbial stability and sensory 
acceptability. 
 
 
MATERIALS AND METHODS 
 
Experimental location 
 
The study was conducted using two laboratory facilities. 
The physicochemical analyses of the pork samples, 
including pH, water-holding capacity, cooking loss, thermal 
shortening, drip loss, brine uptake, brine yield, chilling loss 
and shear force, were carried out at the Animal Science 
Laboratory, Department of Animal Science, Faculty of 
Agriculture, Akwa Ibom State University, Obio Akpa 
Campus. Brining treatments involving different 
concentrations of sodium chloride, rosemary and brining 
durations were conducted under controlled laboratory 
conditions. Microbiological analyses were performed at the 
Microbiology Laboratory, University of Uyo, using standard 
aseptic procedures and microbiological techniques. 
 
 
Sample collection and preparation 
 
Fresh pork samples were obtained from a licensed abattoir 
in Abak Local Government Area, Akwa Ibom State. 
Samples were collected immediately after slaughter and 
inspected to ensure that they were free from visible defects 
and signs of spoilage. The samples were placed in clean, 
insulated ice-packed containers and transported to the 
Animal Science Laboratory at approximately 4±1°C to 
minimise microbial proliferation and maintain sample 
quality prior to processing. 

At the laboratory, visible excess fat and connective 
tissues were removed, and the pork was cut into uniform 
portions of approximately equal size and weight. 
Uniformity of sample size was maintained to minimise 
variation in brine penetration and ensure comparability 
among treatments. Commercially available rosemary 
spice was purchased from a dealer in Abak town, Akwa 
Ibom State, sun-dried, milled into powder and stored in 
clean, airtight polyethene bags until required. 
 
 

Preparation of brine solutions 
 
Two   brine   concentrations,   10%   and   15% (w/v),   were  
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evaluated. Each brine solution contained sodium chloride 
(NaCl), sugar and ground rosemary spice. For the 10% 
brine treatment, 10 g of NaCl, 5 g of sugar and 2.5 g of 
ground rosemary were weighed accurately, dissolved in 
distilled water and made up to a final volume of 100 mL. 
For the 15% brine treatment, 15 g of NaCl, 7.5 g of sugar 
and 3.7 g of ground rosemary were weighed and made up 
to 100 mL. Each solution was thoroughly mixed to ensure 
uniform distribution of the ingredients before use. The 
inclusion of sugar and rosemary was kept constant in 
relation to the respective NaCl concentration so that the 
principal experimental factor remained NaCl concentration. 
Rosemary was included as a flavouring and plant-derived 
antioxidant ingredient, consistent with the increasing use 
of natural ingredients in meat marination (Siroli et al., 2020; 
Rahman et al., 2023). 
 
 
Brining procedure and duration 
 
Individual pork portions were weighed individually before 
brining and randomly assigned to the experimental 
treatments. Each portion was immersed completely in the 
appropriate brine solution and held for 30, 60 or 90 min. 

Following the designated brining period, samples were 
removed and allowed to drain for a standardised period 
before weighing and subsequent analyses. Samples 
intended for microbiological analysis were handled 
aseptically and transferred promptly to the microbiology 
laboratory. 
 
 
Determination of physicochemical properties 
 
The physicochemical properties evaluated were pH, brine 
uptake, brine yield, drip loss, cooking loss, chilling loss, 
thermal shortening, shear force and water-holding 
capacity (WHC). 
 
 
Determination of pH 
 
The pH of the pork samples was determined using a glass-
electrode pH meter (HI-9125, Hanna Instruments, Cluj-
Napoca, Romania), following the procedure described by 
Gamage (2017) with slight modifications. Approximately 1 
g of each pork sample was finely chopped using a mortar 
and pestle and homogenised with distilled water at a ratio 
of 1:5 (w/v). The pH electrode was calibrated according to 
the manufacturer's instructions, after which the electrode 
was immersed in the homogenate and the stable reading 
recorded. 

Although pH was measured, it was excluded from the 
results tables because the original dataset supplied for this 
revised manuscript did not contain the corresponding pH 
results. Consequently, no pH-based interpretation is made 
in the Results and Discussion. 

 
 
 
 
Determination of drip loss 
 
Approximately 20 g of each pre-weighed pork sample was 
placed in a clean polyethylene bag and suspended without 
direct contact with the bag surface. The samples were 
stored at 4°C for 48 h. After storage, each sample was 
removed, gently blotted to eliminate surface moisture and 
reweighed. Drip loss was expressed as a percentage of 
the initial sample weight: 
 

Drip loss (%) =
Initial weight −  Final weight

Initial weight
𝑥100 

 
 
Determination of shear force 
 
Warner–Bratzler shear force was determined using a 
Warner–Bratzler meat shear device (Model 240, Instron, 
USA). Cooked samples were prepared under standardised 
conditions and cut into uniform cores with the muscle fibres 
oriented consistently. Each core was sheared 
perpendicular to the direction of the muscle fibres, and the 
maximum force required to shear the sample was 
recorded as the Warner–Bratzler shear force value. Lower 
shear-force values indicated greater tenderness. 

 
 
Determination of brine uptake 
 
Each pork portion was weighed before and immediately 
after brining. Brine uptake was calculated as follows: 
 
Brine uptake (%)

=
Weight after brining −  Weight before brining

Weight before brining
 𝑥 100 

 
 
Determination of cooking loss 
 
Cooking loss was determined according to the procedure 
described by Honikel (1998) with modifications. Pre-
weighed pork samples were individually placed in heat-
resistant polyethylene bags and immersed in a water bath 
maintained at 80 °C for 20 min. Following cooking, the 
samples were removed from the bags and allowed to 
equilibrate to room temperature before being reweighed. 
Cooking loss was calculated as: 
 
Cooking loss (%)  

=
Weight before cooking −  Weight after cooking

Weight before cooking
 𝑥 100 

 
Honikel (1998) provides internationally recognised 
reference procedures for evaluating physical 
characteristics of meat, including water-holding capacity 
and related quality attributes. 



 
 
 
 
Determination of chilling loss 
 

Chilling loss was determined following the procedure 
described by Fokolade et al. (2018) and Awosanya and 
Okubanjo (1993). Samples were weighed before chilling 
and subsequently stored under refrigerated conditions for 
24 h. After chilling, the samples were removed, gently 
blotted and reweighed. Chilling loss was expressed as the 
percentage difference between the initial and chilled 
weights: 
 

Chilling loss (%)   =
Initial weight −  Chilled weight

Initial weight
 𝑥 100 

 
 

Determination of water-holding capacity 
 

Water-holding capacity was determined using the filter-
paper press method as modified from Suzuki et al. (1991). 
A representative meat sample was weighed and placed 
between two equal-sized sheets of filter paper measuring 
approximately 10.1 × 10.1 cm. The sample was placed 
between two Plexiglas plates and subjected to pressure 
using a vice for 1 min. After pressing, the sample was 
removed and the areas occupied by the meat and 
expressed moisture on the filter paper were determined 
using a compensating planimeter. The water-holding 
capacity was calculated according to the procedure of 
Suzuki et al. (1991): 
 

WHC = 100 −
(Ar −  Am) ×  9.49 ×  100

Wm ×  Mo
 

 

Where: Ar = area of water released from the meat (cm²); 
Am = area occupied by the meat sample (cm²); Wm = 
weight of the meat sample (mg); and Mo = moisture 
content of the meat (%). 
 
The constant 9.49 was applied as specified in the modified 
method. 
 
 

Determination of thermal shortening 
 

Thermal shortening was determined using the procedure 
described by Malgorzata et al. (2005) with modifications. 
The length of each pork sample was measured before 
cooking. The samples were then individually placed in 
heat-resistant polyethylene bags and cooked in a water 
bath at 80 °C for 20 min. After cooking, the samples were 
cooled to room temperature and their lengths were 
measured again. Thermal shortening was expressed as 
the percentage reduction in sample length: 
 

Thermal shortening (%)   =
Initial length −  Final length

Initial length
 𝑥 100 

 
 

Determination of brine yield 
 

Brine   yield  was  determined  from  the  change  in  sample  
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weight following brining. The weight of each pork portion 
was recorded before and after brining. Brine yield was 
calculated as: 
 
Brine yield (%)   

=
Weight after brining −  Weight before brining

Weight before brining
 𝑥 100 

 
This value represented the percentage increase in sample 
weight attributable to brine uptake. 
 
 
Microbiological analysis 
 
Samples were collected aseptically and homogenised in 
sterile diluent. Serial dilutions were prepared and 
inoculated onto appropriate culture media. Total viable 
bacterial counts and counts of the target bacterial groups 
were determined using standard microbiological 
procedures. Colonies were counted after incubation and 
expressed as colony-forming units per gram (CFU/g). For 
presentation in Tables 2 and 3, microbial counts were 
expressed in 10⁴ CFU/g. Representative colonies were 
subjected to further identification using standard 
microbiological procedures. 
 
 
Storage conditions for microbiological evaluation 
 
Following brining, samples designated for storage 
evaluation were placed in sterile, labelled containers and 
maintained under refrigerated conditions at approximately 
4 ± 1 °C. Microbiological assessments were conducted at 
0, 12 and 24 h. Samples were handled aseptically at each 
sampling point to minimise cross-contamination. The 
storage period was deliberately limited to 24 h because the 
objective was to examine the short-term microbiological 
response to brining rather than to establish a commercial 
shelf-life. 
 
 

Sensory evaluation 
 
Sensory evaluation was conducted using ten trained 
panellists familiar with meat-product evaluation. Panellists 
were recruited from personnel and postgraduate/ 
undergraduate students within the Faculty of Agriculture 
and related food-science disciplines who indicated 
willingness to participate and had previous experience 
evaluating food products. 

The panellists received orientation and training on 
recognition of colour, aroma, flavour, tenderness and 
juiciness and on consistent use of the sensory scale. 
Training was conducted before formal evaluation to reduce 
variation among panellists. 

A 9-point hedonic scale was used, where 1 = dislike 
extremely and 9 = like extremely. The evaluated attributes 
were   colour,   tenderness,   flavour,   juiciness  and  overall  
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acceptability. 

For sensory evaluation, samples were cooked using the 
designated preparation method, coded with randomly 
assigned three-digit numbers and presented in a 
randomised order. Drinking water was provided for palate 
cleansing between samples. Evaluation was conducted 
under controlled conditions to minimise environmental and 
order effects. 

The sensory scores were subjected to analysis of 
variance using the same factorial statistical model applied 
to the physicochemical data. Where significant differences 
occurred, means were separated using Duncan's Multiple 
Range Test at the 5% probability level. 
 
 
Experimental design 
 
The experiment was arranged as a 3 × 2 factorial 
experiment in a completely randomised design (CRD). The 
factors were: 
 
- Brining duration: 30, 60 and 90 min. 
- NaCl concentration: 10 and 15%. 
 
The treatment combinations were: 
 
T1 = 10% brine × 30 min 
T2 = 10% brine × 60 min 
T3 = 10% brine × 90 min 
T4 = 15% brine × 30 min 
T5 = 15% brine × 60 min 
T6 = 15% brine × 90 min 
 
Each treatment combination had two replicates, giving 12 
experimental units. 
 
Statistical analysis 
 
Data were analysed using analysis of variance (ANOVA) 
appropriate for a 3 × 2 factorial arrangement. The model 
included the main effects of NaCl concentration, brining 
duration and their interaction. Where significant treatment 
effects were detected, treatment means were separated 
using Duncan's Multiple Range Test (DMRT) at p < 0.05. 
DMRT was selected because it permits pairwise 
separation of treatment means following a significant 
ANOVA while maintaining a structured comparison among 
the multiple treatment means. The 5% probability level 
was selected as the conventional threshold for statistical 
significance in agricultural and food-science experiments. 
 
 
RESULTS AND DISCUSSION 
 
Physicochemical properties of brined pork 
 
Table 1  presents  the  effects  of  brine  concentration  and  

 
 
 
 
brining time on the physicochemical properties of pork. 
Results showed that brining time and concentration 
influenced several quality attributes, including cooking loss, 
chilling loss, brine yield, brine uptake, drip loss, water-
holding capacity (WHC) and shear force. Thermal loss 
increased progressively with brining time, from 5.47% at 
30 min to 6.96% at 90 min, whereas brine uptake 
increased from 5.00 to 12.00% over the same period. Drip 
loss also increased from 3.71 to 7.23%, while WHC 
declined from 96.29 to 92.78%. Shear force increased 
from 22.50 to 25.15 N as brining time increased. The result 
agrees with the established principle that increasing 
processing time provides greater opportunity for diffusion 
of salt and other marinade constituents into meat. Recent 
research has similarly demonstrated that brining modifies 
physicochemical properties and salt distribution in pork 
muscle (Visy et al., 2021a; Jin et al., 2023). Rahman et al. 
(2023) further noted that marinade composition and 
processing duration are important determinants of salt 
penetration and subsequent changes in meat quality. 

Brine concentration also affected the measured 
physicochemical characteristics. Pork treated with 15% 
brine had greater brine uptake (10.00%) and shear force 
(24.70 N) than pork treated with 10% brine (7.33% and 
22.73 N, respectively). Conversely, WHC was higher at 10% 
brine (95.76%) than at 15% brine (93.44%), while drip loss 
was lower at 10% (4.24%) than at 15% brine (6.56%). The 
greater uptake at the higher concentration is consistent 
with the role of the concentration gradient in promoting salt 
movement into muscle. Ozuna et al. (2013) similarly 
demonstrated that NaCl concentration influences mass 
transfer and structural properties in brined pork. More 
recent work by Jin et al. (2023) also showed that 
modifications in the physicochemical structure of pork 
during brining are associated with changes in salt and 
moisture transfer. 

However, the accompanying increase in drip loss and 
reduction in WHC suggest that excessive salt exposure 
may alter protein–water interactions and promote 
subsequent moisture release. Salt is known to modify 
myofibrillar proteins and their ability to bind water, with the 
magnitude and direction of the response depending on salt 
concentration and processing conditions (Desmond, 2006; 
Inguglia et al., 2017). 

The increase in shear force from 22.50 N at 30 min to 
25.15 N at 90 min indicates that prolonged brining under 
the conditions used in this study did not improve 
instrumental tenderness. This result contrasts with the 
expectation that increased salt uptake always improves 
water retention, demonstrating that salt uptake and WHC 
are not necessarily linearly related. Siroli et al. (2020) 
reported improved WHC in marinated pork under their 
specific marinade conditions, whereas the present study 
showed declining WHC as brining duration increased. The 
difference may be related to the acidic oil/beer/lemon 
marinade used by Siroli et al. (2020), which differed 
substantially from the NaCl-sugar-rosemary brine  used  in  
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Table 1. Effect of brining concentration and brining time on physicochemical properties of pork. 
 

Physicochemical 
Parameter 

Concentration (%) Main Effects Holding Time Effects 

Concentration 
(%) 

T1 (30 min) T2 (60 min) T3 (90 min) SEM 
10% 

mean 
15% 

mean 
30 min 
mean 

60 min 
mean 

90 min 
mean 

SEM 

Thermal Loss (%) 
10 

15 

5.97b 

4.97b 

5.97b 

6.97a 

6.95a 

6.97a 

0.33 

0.67 
6.30 6.30 5.47c 6.47b 6.96a 0.33 

Cooking Loss (%) 
10 

15 

21.83c 

33.85a 

22.84b 

22.81b 

23.84a 

22.83b 

0.58 

3.85 
22.84 26.16 27.84a 22.33c 23.34b 0.58 

Chilling Loss (%) 
10 

15 

26.08a 

26.08a 

26.08a 

20.83b 

25.00b 

20.83b 

0.36 

1.75 
25.70 22.58 26.08a 23.46b 22.92c 0.36 

Brine Yield (%) 
10 

15 

46.15a 

43.39a 

42.59b 

40.00b 

40.00c 

38.18a 

1.78 

1.53 
42.91 40.52 44.77a 41.29b 39.09c 1.78 

Brine Uptake (%) 
10 

15 

4.00c 

6.00c 

8.00b 

10.00b 

10.00a 

14.00a 

1.76 

2.31 
7.33 10.00 5.00c 9.00b 12.00a 1.76 

Drip Loss (%) 
10 

15 

2.17b 

5.26b 

3.31b 

7.19a 

7.23a 

7.22a 

1.53 

0.65 
4.24 6.56 3.71c 5.25b 7.23a 1.53 

WHC (%) 
10 

15 

97.83a 

94.74a 

96.69a 

92.81b 

92.77b 

92.78b 

1.53 

0.65 
95.76 93.44 96.29a 94.75b 92.78c 1.53 

Share Force (N) 
10 

15 

21.0c 

24.0b 

22.0b 

25.0a 

25.2a 

25.1a 

1.27 

0.35 
22.73 24.70 22.50c 23.50b 25.15a 1.27 

 

abc Means on the same row bearing different superscripts are significantly different. WHC = Water Holding Capacity. 
 
 
 

the present experiment. 
Cooking loss declined from 27.84% at 30 min to 

22.33% at 60 min before increasing slightly to 
23.34% at 90 min. The relatively high cooking loss 
at 30 min, particularly the 33.85% recorded for 15% 
NaCl, may indicate that the shorter brining period 
did not provide sufficient time for salt-mediated 
modification of the muscle proteins. The 
subsequent reduction at 60 min suggests improved 
moisture retention during cooking. Similar effects of 
marination on cooking loss have been reported in 
pork. Zapata et al. (2024) reported reduced 
cooking losses following spiced brine treatment of 
pork, although the precise response differed 
according to marinade formulation and application 
method. 

The highest value was observed in pork treated 
with 15% brine for 90 min (25.10 N). This finding is 
important because salt can have complex effects 
on meat texture depending on concentration, 
exposure time, muscle type and subsequent 
processing conditions. Therefore, increased salt 
uptake should not automatically be interpreted as 
improved tenderness. 

The reduction in WHC and simultaneous 
increase in drip loss with increasing brining time 
suggest that prolonged treatment may have 
exceeded the conditions required for optimum 
water retention. Thus, although 15% brine 
promoted greater brine uptake, the 10% treatment 
provided better WHC and lower drip loss. These 
results indicate that brine concentration and 

processing duration should be considered jointly 
when determining suitable conditions for pork 
processing.  
 
 
Microbiological quality of brined pork 
 
Table 2 presents the effects of brine concentration 
and brining time on the bacteriological load of pork. 
Results showed that the loads of Staphylococcus, 
Escherichia and Salmonella generally declined 
markedly as brining time increased. The most 
pronounced reductions occurred between 30 and 
60 min, after which bacterial counts remained very 
low through 90 min. For Staphylococcus, the mean 
count decreased from 2.90 at 10% brine to  1.83  at  
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Table 2. Effect of Brine concentration and time on Bacteriological load of Pork  
 

Microorganisms Concentration (%) T1 (30 min) T2 (60 min) T3 (90 min) SEM 

Main effects 

Concentration mean 
values (10%) 

Brining time mean 
values (15%) 

Staphylococcus  
10 

15 

9.0a 

3.0a 

0.03b 

0.02b 

0.02b 

0.03b 

0.05 

0.05 
2.90 1.83 

Escherichia  
10 

15 

0.02ab 

0.03a 

0.02ab 

0.02b 

0.03c 

0.02b 

0.005 

0.005 
0.021 0.022 

Salmonella 
10 

15 

7.0a 

2.0a 

0.03b 

0.03b 

0.02b 

0.03b 

0.04 

0.04 
1.57 0.69 

 

abc Means on the same row bearing different superscripts are significantly different. CFU/g = colony-forming units per gram. 
 
 
 

15% brine, while the corresponding mean 
Salmonella counts decreased from 1.57 to 0.69. In 
contrast, Escherichia counts were low across both 
concentrations, with mean values of 0.021 and 
0.022, respectively. 

The pronounced reduction in bacterial counts 
with increased brining time can be attributed partly 
to the inhibitory effect of sodium chloride on 
microbial growth. Salt reduces water activity and 
imposes osmotic stress, thereby creating 
conditions that are less favourable for the survival 
and multiplication of many microorganisms. 
However, the antimicrobial effectiveness of salt 
depends on salt concentration, exposure time, 
temperature, pH and the characteristics of the 
microorganism. Consequently, the observed 
reduction should be interpreted as an effect of the 
combined treatment conditions rather than salt 
concentration alone (Desmond, 2006; Inguglia et 
al., 2017). 

The stronger microbial suppression at 15% NaCl 
is consistent with the expected greater osmotic 
pressure at higher salt concentration. Siroli et al. 
(2020) reported that marinated pork had lower 
microbial loads and improved microbiological 
safety compared with untreated meat. Their study 
also reported inhibition of Salmonella enteritidis 

and Staphylococcus aureus.  Similarly, Jeong et al. 
(2018) observed substantial changes in microbial 
counts following pork ham marination and reported 
that marinade treatment improved microbiological 
characteristics. 

The present findings are also consistent with Li 
et al. (2024), who reported that pickling materials 
inhibited microbial growth and improved the 
storage quality of pork. Their study further 
demonstrated that marination influenced water 
distribution and flavour characteristics.  The 
agreement across these studies supports the role 
of marination as a useful hurdle for microbial 
control, although the degree of inhibition depends 
on the composition and application of the marinade. 
 
 
Microbial changes during storage 
 
Table 3 presents the effects of brine concentration 
and brining time on the bacteriological quality of 
pork during storage. Results showed that microbial 
counts generally declined during the 24-h storage 
period, with the lowest values mostly observed in 
samples subjected to longer brining times. 
Staphylococcus counts at 30 min declined from 9.0 
× 10⁴ CFU/g at 0 h to 3.0 × 10⁴ CFU/g at 24 h in the 

10% brine treatment, while the corresponding 15% 
treatment declined from 3.0 to 1.0 × 10⁴ CFU/g. 
Samples treated for 60 and 90 min maintained 
substantially lower counts throughout storage. 

A similar pattern was observed for Salmonella. At 
10% brine and 30 min, the count decreased from 
7.0 × 10⁴ CFU/g at 0 h to 1.0 × 10⁴ CFU/g after 24 
h. At 15% brine, the corresponding count 
decreased from 2.0 to 0.02 × 10⁴ CFU/g. The 
reductions observed during refrigerated storage 
are consistent with the combined effects of salt 
stress and low temperature. Sodium chloride 
decreases water availability, while refrigeration 
further restricts the growth of many bacteria. Siroli 
et al. (2020) reported that marinated pork had 
reduced microbial loads during refrigerated storage, 
while Li et al. (2024) found that pickling treatments 
suppressed microbial growth and improved pork 
storage quality. 

The present results should nevertheless be 
interpreted cautiously because microbial counts do 
not necessarily decline under all storage conditions. 
The outcome depends on initial contamination, 
microbial species, storage temperature, oxygen 
availability and marinade composition. Jeong et al. 
(2018) similarly demonstrated that marination 
conditions   influence   microbial   characteristics  of  
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Table 3. Effect of brine concentration and time on storage of Pork 
 

Duration Microorganisms Concentration/time 30 min 60 min 90 min SEM 

0 hours  

Staphylococcus 
10 

15 

9.0a 

3.0a 

0.03b 

0.02b 

0.02b 

0.03b 

0.05 

0.05 

Escherichia 
10 

15 

0.02ab 

0.03a 

0.02ab 

0.02ab 

0.3a 

0.02ab 

0.005 

0.005 

Salmonella 
10 

15 

7.0a 

2.0a 

0.03b 

0.03b 

0.02b 

0.03b 

0.04 

0.04 

       

12 hours  

Staphylococcus 
10 

15 

5.0a 

2.0a 

0.025b 

0.02b 

0.015b 

0.025b 

0.05 

0.05 

Escherichia 
10 

15 

0.015 

0.02ab 

0.02b 

0.015a 

0.025a 

0.02 

0.005 

0.005 

Salmonella 
10 

15 

3.5a 

1.0a 

0.025b 

0.025b 

0.01b 

0.02b 

0.04 

0.04 

       

24 hours  

Staphylococcus 
10 

15 

3.0a 

1.0a 

0.02a 

0.015c 

0.01b 

0.02b 

0.05 

0.05 

Escherichia 
10 

15 

0.01c 

0.01b 

0.01a 

0.02a 

0.02b 

0.015a 

0.005 

0.005 

Salmonella 
10 

15 

1.0a 

0.02 

0.02b 

0.015 

0.01b 

0.02 

0.04 

0.04 
 

abc Means on the same row bearing different superscripts are significantly different. Values are expressed as ×10⁴ CFU/g 
 
 
 

Table 4. Effect of brining time and brining concentration on sensory properties of grilled pork 
 

Sensory Parameters Concentration (%) T1 30 min T2 60 min T3 90 min SEM 

Colour 
10 

15 

6.80c 

7.10b 

7.20a 

7.40a 

7.00b 

7.30a 

0.12 

0.15 

Tenderness 
10 

15 

6.50c 

6.80b 

7.30a 

7.80a 

7.00b 

7.60a 

0.18 

0.20 

Flavour 
10 

15 

7.00b 

7.20b 

7.60a 

8.00a 

7.50a 

7.90a 

0.14 

0.16 

Juiciness 
10 

15 

6.40b 

6.50b 

7.00a 

7.20a 

6.80a 

7.10a 

0.19 

0.17 

Overall acceptability 
10 

15 

6.80b 

7.00b 

7.40a 

7.90a 

7.20a 

7.70a 

0.20 

0.22 
 

abc Means on the same row bearing different superscripts are significantly different. Scores were based on a 9-point hedonic scale 
 
 
 

pork and emphasised the importance of processing and 
storage conditions. 

The relatively low Escherichia counts throughout the 
storage period suggest that the organism was strongly 
suppressed under the experimental conditions. 
 
 
Sensory properties of grilled pork 
 
Table 4 presents the effects of brine concentration and 
brining time on the sensory properties of grilled pork. 

Results showed that brining concentration and duration 
significantly influenced the sensory attributes evaluated, 
including colour, tenderness, flavour, juiciness and overall 
acceptability. Sensory scores generally increased from 30 
to 60 min and remained high at 90 min. At 10% brine, 
flavour increased from 7.00 at 30 min to 7.60 at 60 min and 
7.50 at 90 min, while the corresponding values for 15% 
brine were 7.20, 8.00 and 7.90. This indicates that 
moderate to prolonged brining improved flavour perception, 
probably because of more effective distribution of salt and 
rosemary within the meat. 
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Table 5. Effect of brining time and brining concentration on sensory properties of oven dried pork 
 

Sensory Parameters Concentration (%) T1 30 Min T2 60 Min T3 90 Min SEM 

Colour 
10 

15 

6.60c 

6.90b 

7.00a 

7.20a 

6.90b 

7.10a 

0.13 

0.14 

Tenderness 
10 

15 

6.40b 

6.70b 

7.20a 

7.60a 

7.20a 

7.70a 

0.17 

0.18 

Flavour 
10 

15 

6.80c 

7.00c 

7.40a 

7.90a 

7.20b 

7.70b 

0.12 

0.15 

Juiciness 
10 

15 

6.80b 

6.90b 

7.40a 

7.60a 

7.20a 

7.50a 

0.18 

0.17 

Overall acceptability 
10 

15 

6.90b 

7.00b 

7.50a 

7.80a 

7.30a 

7.70a 

0.21 

0.22 
 

abc Means on the same row bearing different superscripts are significantly different. Scores were based on a 9-point hedonic scale 
 
 
 

Tenderness scores also increased with brining time. At 10% 
brine, the score increased from 6.50 at 30 min to 7.30 at 
60 min, while the 15% treatment increased from 6.80 to 
7.80. Juiciness followed a similar pattern, with the highest 
scores generally occurring after 60 or 90 min. Salt can 
influence myofibrillar protein functionality and water 
distribution, which may affect the sensory perception of 
tenderness and juiciness (Desmond, 2006; Inguglia et al., 
2017). 

Flavour increased from 7.00 to 7.60 at 10% NaCl and 
from 7.20 to 8.00 at 15% NaCl between 30 and 60 min. 
The increase may be related to greater penetration and 
distribution of salt, sugar and rosemary during the longer 
treatment. Rahman et al. (2023) noted that marination can 
substantially influence flavour development, while Gil et al. 
(2025) reported that marinade type and duration affect 
sensory characteristics of pork. 

Juiciness and overall acceptability also improved mainly 
between 30 and 60 min. Overall acceptability increased 
from 6.80 to 7.40 at 10% NaCl and from 7.00 to 7.90 at 15% 
NaCl. The relatively small difference between 60 and 90 
min suggests that extending brining beyond 60 min may 
provide limited additional sensory benefit. This observation 
is consistent with the principle that an optimum marination 
period may exist beyond which additional treatment 
provides little improvement in sensory quality (Rahman et 
al., 2023). 
 
 
Sensory properties of oven-dried pork 
 
Table 5 presents the effects of brine concentration and 
brining time on the sensory properties of oven-dried pork. 
Results showed that sensory scores generally improved 
with increasing brining time and concentration. Colour 
scores increased from 6.60 at 10% brine for 30 min to 7.00 
and 6.90 at 60 and 90 min, respectively. At 15% brine, the 
corresponding scores were 6.90, 7.20 and 7.10. These 
results indicate that both brining concentration and 
duration influenced the appearance of the oven-dried pork. 

Tenderness showed a particularly clear improvement with 
prolonged brining. At 10% concentration, tenderness 
increased from 6.40 at 30 min to 7.20 at both 60 and 90 
min. At 15%, the score increased from 6.70 to 7.60 and 
7.70, respectively. Flavour and juiciness also improved, 
with the highest scores generally recorded at 60 or 90 min. 
The improvement in these attributes may be associated 
with greater penetration and distribution of salt and 
seasoning before drying. 

Overall acceptability increased from 6.90 at 10% brine 
for 30 min to 7.50 at 60 min and 7.30 at 90 min. At 15% 
brine, the corresponding values were 7.00, 7.80 and 7.70. 
The close scores between 60 and 90 min indicate that 
extending treatment to 90 min did not produce a 
substantial additional improvement in consumer 
acceptability. Therefore, 60 min at 15% brine produced the 
highest overall acceptability among the treatments 
evaluated for oven-dried pork. 

The sensory results are broadly consistent with recent 
research demonstrating that marination can improve 
flavour, tenderness and acceptability of pork products. 
Rahman et al. (2023) identified sensory improvement as 
one of the major technological benefits of marination, while 
Gil et al. (2025) showed that both marinade formulation 
and duration influence sensory characteristics of pork 
tenderloin. 
 
 
 
Conclusion 
 
NaCl concentration and brining duration significantly 
influenced the physicochemical, microbiological and 
sensory characteristics of pork. Increasing brining duration 
enhanced brine uptake but was accompanied by greater 
drip loss, lower WHC and increased shear force. The 15% 
NaCl treatment promoted greater brine uptake and 
stronger microbial suppression but also produced greater 
drip loss and shear force than 10% NaCl. Sensory 
characteristics generally improved between 30 and 60 min,  



 
 
 
 
with comparatively limited additional benefit at 90 min. 

Under the conditions of this study, 15% NaCl for 60 min 
provided a favourable balance among brine uptake, 
microbial reduction and sensory acceptability. However, 
the recommendation is specific to the brine formulation, 
pork samples, processing conditions and short storage 
period evaluated and should not be generalised to all pork-
processing systems. 
 
 
CONFLICT OF INTEREST 
 
The author declares that they have no conflict of interest. 
 
 
ACKNOWLEDGEMENTS 
 
The authors acknowledge the technical assistance 
provided by the staff of the Animal Science Laboratory, 
Department of Animal Science, Akwa Ibom State 
University, Obio Akpa Campus, and the Microbiology 
Laboratory, University of Uyo, during sample processing 
and laboratory analyses. The authors also appreciate the 
panelists who participated in the sensory evaluation. 
 
 
REFERENCES  
 
Adediran, O. A., Badmus, F., Ekpo, J. S., & Okon, U. M. (2025). 

Qualitative indices of chicken nuggets as affected by different 
cooking methods. Ethiopian Journal of Public Health and 

Nutrition, 8(1), 24. https://doi.org/10.20372/ejphn.V8i1.253 ⁠ 
Alphonsus, C., Finangwai, H. I., Yashim, S. M., Agubosi, O. C. 

P., & Sam, I. M. (2010). Effect of dam parity on measures of 
growth in red sokoto goats 1, 3, 6 and month of age. 
Continental J. Animal and Veterinary Research, 2, 9-13. 

Alphonsus, C., Sam, I. M., Opoola, E., & Ayigun, A. E. (2012). 
Correlated relationship amongst performance and carcass 
characteristics in broiler chicken raised to maturity. Animal 
Production Research Advances, 8(1), 50-53.  

Assam, E. M., Ndak, U. A., & Udo, A. F. (2026a). Haemato-
serological indices of weaner pigs fed fermented and pressed 
Icacina mannii in the humid tropics. AKSU Journal of 
Agriculture and Food Science, 10(2). 

Assam, E. M., Ukpanah, U. A., Ndak, U. U., Udo, A. F., & Green, 
B. S. (2026b). Influence of multi-enzyme (Liptozyme®) addition 
on performance and haematological parameters of growing 
pigs fed diets with fermented Icacina mannii meal. Journal of 
Animal Science and Veterinary Medicine, 11(3), 196-201. 

https://doi.org/10.31248/JASVM2026.663 ⁠ 
Christopher, G. I., Usoro, O. O., Sam, I. M., & Udoudo, U. S. 

(2024). Effect of feeding graded levels of sun-dried Moringa 
oleifera leaf meal (MOLM) on the reproductive performance of 
cross-bred rabbit does in Southern Nigeria. AKSU Journal of 
Agriculture and Food Sciences, 8(2), 185-194. 
https://doi.org/10.61090/aksuja.2024.028. 

Desmond, E. (2006). Reducing salt: A challenge for the meat 
industry. Meat Science, 74(1), 188-196. https://doi.org/10. 
1016/j.meatsci.2006.04.014. 

Ekpo, J. S., Etuk, I. F., Evoh, G. D., & Obasi, O. I. (2008). Effects 
of   dietary   three   sundried   cassava    feed    forms    on   the  

Ekpo et al.        367 
 
 
 

performance of weaner rabbits. Nigerian Journal of Agricultural 
Technology, 13, 16–21. 

Ekpo, J. S., Sampson, S. O., Eyoh, G. D., & Sam, I. M. (2018). 
Comparative evaluation of the effects of three local spices on 
nutrient and organoleptic qualities of rabbit meat. Nigerian 
Journal of Animal Production, 45(5), 107–111.https://doi.org/ 
10.51791/njap.v45i5.244 

Essien, C. A., & Sam, I. M. (2018). Effect of Anthonotha 
macrophylla (African beans) leaf meal on the blood profiles of 
finishing broiler chickens. International Journal of Agriculture: 
Research and Review, 6(1), 43-48. 

Essien, C. A., Sam, I. M., & Okon, U. M. (2023). Effect of Jatropha 
tanjorensis leaf meal on performance, carcass and internal 
organ characteristics of broiler finisher chickens. In 
Proceedings of the 28th Annual Conference of the Animal 
Science Association of Nigeria (pp. 403–406). Animal Science 
Association of Nigeria.  

FAO. (2025). OECD-FAO agricultural outlook 2025–2034. OECD 
Publishing. https://doi.org/10.1787/601276cd-en 

Gil, M., Rudy, M., Duma-Kocan, P., Stanisławczyk, R., Wolińska, 
A., Krajewska, A., & Dziki, D. (2025). Effect of marinating on 
selected quality characteristics of pork tenderloin cooked by 
sous vide method. Foods, 14(11), 1958. https://doi.org/10. 
3390/foods14111958 

Inguglia, E. S., Zhang, Z., Tiwari, B. K., Kerry, J. P., & Burgess, 
C. M. (2017). Salt reduction strategies in processed meat 
products—A review. Trends in Food Science & Technology, 59, 
70-78. https://doi.org/10.1016/j.tifs.2016.10.016 

Jeong, K., O, H., Shin, S., & Kim, Y.-S. (2018). Effects of Different 
Marination Conditions on Quality, Microbiological Properties, 
and Sensory Characteristics of Pork Ham Cooked by the Sous-
vide Method. Korean Journal for Food Science of Animal 
Resources, 38, 506-514. https://doi.org/10.5851/kosfa.2018. 
38.3.506 

Jin, G., Liu, Y., Zhang, Y., Li, C., He, L., Zhang, Y., Wang, Y., & 
Cao, J. (2023). Underlying formation mechanisms of 
ultrasound-assisted brined porcine meat: The role of 
physicochemical modification, myofiber fragmentation and 
histological organization. Ultrasonics Sonochemistry, 94, 
106318. https://doi.org/10.1016/j.ultsonch.2023.106318 

Khayrullin, M., Curcan, A. V., Nesterenko, A., Zhuravlev, M., & 
Rystakov, A. V. (2021). Results of studies of samples of boiled-
smoked loin with different injection levels. IOP Conference 
Series: Earth and Environmental Science, 677. 
https://doi.org/10.1088/1755-1315/677/3/032014 

Li, H., Zhi, Y., Nie, Y., Liu, J., Liao, Z., & He, X. (2024). The impact 
of barbecue pickling materials on flavor changes and storage 
quality of pork at different processing stages. International 
Journal of Food Engineering, 20, 531-539. https://doi.org/10. 
1515/ijfe-2024-0004 

Lonergan, S. M., Huff-Lonergan, E., Rowe, L. J., Kuhlers, D. L., 
& Jungst, S. B. (2001). Selection for lean growth efficiency in 
Duroc pigs influences pork quality. Journal of Animal Science, 
79(8), 2075-2085. https://doi.org/10.2527/2001.7982075x. 

Lu, J., Li, R., Chen, H., Sun, D., Yu, Z., Liu, Y., Zhang, B., & Jiang, 
W. (2024). Effect of brine concentration on the quality of salted 
large yellow croaker during processing and refrigeration. Food 
Science and Biotechnology, 33, 3257-3267. https://doi.org/10. 
1007/s10068-024-01573-5. 

Ozuna, C., Puig, A., García-Pérez, J. V., Mulet, A., & Cárcel, J. 
(2013). Influence of high intensity ultrasound application on 
mass transport, microstructure and textural properties of pork 
meat (Longissimus dorsi) brined at different NaCl 
concentrations.  Journal  of  Food   Engineering,   119,   84-93.  



368       J. Anim. Sci. Vet. Med. 
 
 
 

https://doi.org/10.1016/j.jfoodeng.2013.05.016. 
Rahman, S., Sharmeen, I., Pan, J., Kong, D., Xi, Q., Du, Q., Yang, 

Y., Wang, J., Oh, D., & Han, R. (2023). Marination ingredients 
on meat quality and safety – a review. Food Quality and Safety, 
7, fyad027. https://doi.org/10.1093/fqsafe/fyad027. 

Sam, I. M., Ekanem, J. T., & Udo, A. F. (2026a). Sex-age 
interactions, carcass characteristics, and logarithmic 
regression modelling in broiler chickens. AKSU Journal of 
Agriculture and Food Sciences, 10(1), 65-77. 

Sam, I. M., Udo, A. F., & Oloruntobi, E. A. (2026b). Predictive 
power and enhancing body weight estimation in sheep: A 
review. AKSU Journal of Agriculture and Food Sciences, 10(2), 
112-120 

Sam, I. M., Ukpanah, U. A., & Udofia, I. E. (2020). Influence of 
genotype on body weight and morphometric traits of rabbits 
raised in the tropics. Animal Research International, 17(1), 
3603. 

Siroli, L., Baldi, G., Soglia, F., Bukvicki, D., Patrignani, F., 
Petracci, M., & Lanciotti, R. (2020). Use of essential oils to 
increase the safety and the quality of marinated pork loin. 
Foods, 9(8), 987. https://doi.org/10.3390/foods9080987 

Udo, A. F., Sam, I. M., & Udo, M. D. (2025a). Evaluation and 
correlation of egg quality traits between Isa Brown and Nera 
Black commercial layer strains. Animal Research International, 
22(3), 6472-6482 

Udo, A. F., Sam, I. M., Udo, M. D., & Ekpo, J. S. (2025b). 
Comparative evaluation of reproductive and egg production 
performance of two strains of layer chicken raised in the humid 
tropics. Abuja Journal of Agriculture and Environment, 5(2), 

262-270. https://doi.org/10.5281/zenodo.10558777 ⁠ 
Udo, M. D., Jeremiah, J. I., Udo, A. F., Eyoh, G. D., & Okon, L. 

S. (2024). Growth indices and blood profile of West African 
dwarf goats fed processed earth ball (Icacina manni) meal 
based diets. AKSU Journal of Agriculture and Food Sciences, 
8(3), 136-146.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
Udoudo, U. S., Ekpo, J. S., Sam, I. M., & Okon, L. S. (2025). Meat 

quality, serum and meat lipid profiles of broiler chicken fed 
Persea americana, Jatropha tanjorensis and Ocimum 
basilicum leaves extract via drinking water. Journal of Animal 
Science and Veterinary Medicine, 10(5), 441-446. 

https://doi.org/10.31248/JASVM2025.605 ⁠. 
Visy, A., Jonas, G., Szakos, D., Horváth-Mezőfi, Z., Hidas, K. I., 

Barko, A., & Friedrich, L. (2021a). Evaluation of ultrasound and 
microbubbles effect on pork meat during brining process. 
Ultrasonics Sonochemistry, 75, 105589. https://doi.org/10. 
1016/j.ultsonch.2021.105589. 

Visy, A., Leong, S. Y., & Oey, I. (2021b). Effects of ultrasound 
and microbubbles on salt diffusion in pork meat. Ultrasonics 
Sonochemistry, 75, 105589. https://doi.org/10.1016/j.ultsonch. 
2021.105589. 

Xu, X., Chen, X., Chen, D., Yu, B., Yin, J., & Huang, Z. (2019). 
Effects of dietary apple polyphenol Xu, X., Chen, X., Chen, D., 
Yu, B., Yin, J., & Huang, Z. (2019). Effects of dietary apple 
polyphenol supplementation on carcass traits, meat quality, 
muscle amino acid and fatty acid composition in finishing pigs. 
Food & Function, 10(11), 7426-7434. 
https://doi.org/10.1039/c9fo01304k. 

Yang, H.-S., Kang, S.-W., Joo, S., & Choi, S. (2012). Effects of 
Salt Concentration and Drying Time on the Quality 
Characteristics of Pork Jerky during Dehydration. Korean 
Journal for Food Science of Animal Resources, 32, 285-292. 
https://doi.org/10.5851/kosfa.2012.32.3.285. 

Yu, M., Li, Z., Rong, T., Wang, G., Liu, Z., Chen, W., Li, J., Li, J., 
& Ma, X. (2020). Different dietary starch sources alter the 
carcass traits, meat quality, and the profile of muscle amino 
acid and fatty acid in finishing pigs. Journal of Animal Science 
and Biotechnology, 11(1), 78. https://doi.org/10.1186/s40104-
020-00484-9. 

 


