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Abstract

Various immunoprophylaxis programs aimed at protecting chickens from different pathogens and reducing 
production losses due to mortality or disease are increasingly important in broiler rearing. The aim of this 
study was to compare the effect of two different commercial prophylactic vaccination programs (H1 vs. H2), 
using vaccines against Marek’s disease (MD), infectious bursal disease (IBD), infectious bronchitis virus (IBV) 
and avian metapneumovirus (AMPV) on the chemical composition, physicochemical properties, meat texture, 
and biometric characteristics of the digestive system and leg bones of Ross 308 broiler chickens. The study 
material consisted of 20 carcasses (10 male and 10 female) of 42-day-old broiler chickens. After determining 
the weight of the eviscerated carcass (H1 – 1822.8±212.4; H2 – 2295.6±275.6), the breast and leg muscles 
were cut out of the dissected elements of the carcass, followed by the measurements of pH24, L*, a*, b* color 
attributes, electrical conductivity (EC24) and cooking loss. The basic chemical composition and texture charac-
teristics were determined. Measurements of the femur and tibia were taken after separating the meat from 
the bone. Measurements of the lengths and diameters of the individual intestinal segments were also carried 
out. The H2 vaccination program had a significant positive effect on the carcass weight of 42-day-old broilers. 
Chickens subjected to the H1 vaccination program were characterized by significantly lower water and colla-
gen content, pH24, and meat tenderness (higher WB shear force) in the breast, as well as significantly higher 
protein content in the breast and leg muscles, and a lower percentage of fat in the leg muscles compared to 
chickens subjected to the H2 vaccination program The dimensions of femur and tibia bones in 42-day-old 
broiler chickens administered vaccines according to the H2 vaccination program were significantly higher than 
in chickens on the H1 vaccination program. 
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INTRODUCTION

Poultry meat is the world’s most widely chosen animal raw material  
because of its relatively low price, high nutritional value and dietary proper-
ties (Kokoszyński et al. 2022). The relatively low price of poultry meat is due 
to the high utilization of consumed feed per livestock production (i.e. feed 
conversion ratio, FCR). The FCR in broilers ranges from 1.69 to 1.79 kg kg-1 
gain depending on the hybrids used for rearing, while feed utilization by pigs 
is significantly lower at 2.7-2.89 kg feed kg-1 BWG (Wegner 2016). The lower 
FCR in broiler chicken rearing compared to other livestock species makes  
the price of poultry meat competitive in relation to pork or beef. In addition, 
poultry meat is characterized by a high proportion of high-value protein 
(24.8%), and low fat content (1.8%) – Kokoszyński et al. (2022). It also has 
high dietary qualities, due to its low energy and cholesterol levels (78.93 mg 
100 g-1) – Kowalska et al. (2012). Broiler chicken meat contains B vitamins, 
large amounts of potassium, magnesium and zinc. Chicken meat lipids  
are characterized by a high proportion of unsaturated fatty acids, including 
linoleic and linolenic acids. In addition, chicken meat is tender and easily 
digestible, and is appreciated by consumers for its ease of culinary prepara-
tion (Lopez et al. 2011, Kokoszyński et al. 2022). Thanks to its high nutri-
tional, dietary and culinary qualities, chicken meat is more valuable com-
pared to meat from other animal species (pork, beef) – Janocha et al. (2021). 
Carcass quality and meat characteristics are influenced by many factors such 
as genotype, age, sex, nutrition or living conditions (Banaszkiewicz et al. 
2018, Milczarek et al. 2020, Banaszak et al. 2021). There are many studies 
in the available literature concerning different immunoprophylaxis programs 
depending on the region of the world where the birds are reared (Ndegwa  
et al. 2015, Colvero et al. 2018, Chung et al. 2021). However, studies based 
on vaccination programs in most published works focused on the effects on 
the immune response or production performance of broiler chickens. There 
are few studies in the available literature regarding the impact of vaccina-
tion programs on meat quality and biometric characteristics of the digestive 
system and leg bones (Wegner 2016, Chung et al. 2021, Wegner et al. 2023), 
which was the premise for conducting the present study. 

The aim of this study was to determine the effect of two commercial pre-
ventive vaccination programs against Marek’s disease (MD), infectious burs-
al disease (IBD), avian metapneumovirus (AMP), and infectious bronchitis 
(IB) on the chemical composition, physicochemical properties, meat texture, 
biometric characteristics of the digestive system, and dimensions of the  
femur and tibia bones in Ross 308 broiler chickens.
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MATERIALS AND METHODS

Research material: twenty broiler chicken carcasses were used for the 
study. The broiler carcasses were purchased from a commercial slaughter-
house. They were obtained after slaughtering 42-day-old Ross 308 broilers 
from the depopulation of two poultry houses (30 000 birds each) of a commer-
cial farm on which two (H1, H2) commercial preventive vaccination programs 
were implemented. From each group, 10 carcasses (5 males and 5 females) 
were randomly selected. The chickens were slaughtered in a local abattoir 
using water-electric stunning, in accordance with EU poultry industry  
regulations Council Regulation (EC) No 1099/2009. The chilled carcasses 
were weighed individually on an electronic balance (H1 – 1822.8±212.4;  
H2 – 2295.6±275.6), and subsequently dissected. During the dissection, 
breast muscles (m. Pectoralis superficialis and m. Pectoralis profundus)  
and leg muscles (m. Sartorius and m. Femorotibialis) and were isolated  
for testing from each carcass. 

Vaccination program
Two different prophylactic vaccination programs were applied on a com-

mercial broiler chicken farm in two buildings (H1 and H2). According to the 
information received from the veterinarian supervising the farm, the birds 
were vaccinated according to the following programe: in the H1 group,  
an in-ovo Gumboro and Marek’s disease vaccine A (MDV, 0.05 cm3 dose)  
was administered during the transfer of eggs from the incubator to the 
hatcher at day 18 and hour 9. On day 1 at the poultry hatchery, chicks were 
vaccinated by spraying with the following preparations: vaccine B against 
metapneumoviruses (APV, dose 20 cm3 100 birds-1), vaccine C: avian infec-
tious bronchitis strain H-120 (IBV, dose 20 cm3 100 birds-1), and vaccine D 
against infectious avian bronchitis strain CR88121 (IBV, dose 20 cm3  
100 birds-1). On day 21, an additional vaccination against metapneumo- 
viruses (APV, dose 20 cm3 100 birds-1) was carried out in the poultry house. 
In the H2 group, during the transfer of eggs from the incubator to the hat- 
cher at day 18 and hour 9, in-ovo vaccine A was administered against  
Gumboro and Mareka disease (MDV, dose 0.05 cm3). On day 1 at the poultry 
hatchery, chicks were vaccinated by spraying with vaccine B against meta- 
pneumovirus (APV, dose 20 cm3 100 birds-1). On day 7, vaccination by spray-
ing was performed in the poultry house with vaccine C against: avian infec-
tious bronchitis virus strain H-120 (IBV, dose 20 cm3 100 birds-1), and vac-
cine D against infectious avian bronchitis virus strain CR88121 (IBV,  
dose 20 cm3 100 birds-1). In addition, on day 21, the chicks were vaccinated 
by spraying with vaccine B against avian metapneumoviruses (APV, dose  
20 cm3 100 birds-1). The vaccination program is presented in Table 1.  
Both vaccination programs were performed as part of an immunoprophylaxis 
program implemented on a commercial broiler chicken farm in connection 
with its agricultural operations.
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Environment and birds’ feeding
According to the broiler chicken producer, environmental parameters 

during the 42 days of rearing were in accordance with the Ross 308 broiler 
flock management manual, and with EU regulations for ensuring animal 
welfare (Directive 2007/43/EC). The broiler chicken farm was under the  
constant supervision of a veterinarian. During the 42-day rearing period,  
the birds were fed (ad libitum) a complete bulk mix: starter (1st - 10th day), 
grower (11th - 35th day) and finisher (35th - 42nd day), and had an unlimi- 
ted access to water. The calculated basic composition of the mixtures is 
shown in Table 2. The feeding of the birds was in accordance with the cur-
rent recommendations described by Koreleski et al. (2005).

At the end of the trial, on the 42nd day of the chickens’ life, 10 birds  
(5 males and 5 females) were randomly selected from each group (house). 
The birds were then marked with neck tags. Chickens were slaughtered  
in a local slaughterhouse using water-electrical stunning, with a current  
intensity of 125 mA/bird. Stunning lasted for a minimum of 4 s, and then  
the birds were bled for a minimum of 2 min on the slaughter line. Evisce- 
rated carcasses with neck and viscera were transported in a refrigerated 
vehicle at 4°C, in transport boxes, to the laboratory at the university,  
where they were chilled for 18 h at 2°C in a refrigerated cabinet (Hendi, 
Gądki, Poland). The chilled carcasses were weighed individually on a WLC  
6/12/F1/R electronic balance accurate to 0.1 g (Radwag, Radom, Poland), and 
subsequently dissected. During the dissection, breast muscles (two fillets and 
two tenderloins) and leg muscles (all muscles from both thighs and drum-
sticks) were isolated for testing from each carcass.

Physicochemical analysis
Prior to carcass dissection, the acidity and electrical conductivity of the 

superficial breast muscle and thigh muscle (pH24 and EC24) were determined 
24 h post mortem. The acidity of the breast muscle and thigh muscle of broiler 
chickens was determined using a CX-701 pH meter with a pH electrode  

Table 1
Vaccination program for Ross 308 broiler chickens 

Age  H1 H2 Vaccine Administration 
route

Embryo  MD+IBD MD+IBD Vaxxitek (A) in ovo
1d TRT TRT Aviffa RTI (B) spray
1d IB _  Bioral H-120 (C) + Gallivac IB88 (D) spray
7d _ IB Bioral H -120 (C) + Gallivac IB88 (D)  spray

21 d TRT TRT Aviffa RTI (B) spray

MD – Marek’s disease, IBD – infectious bursal disease, TRT – turkey rhinotracheitis, IB – infec-
tious bronchitis
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in a steel knife (Elmetron, Zabrze, Poland). The pH meter was previously 
calibrated using calibration buffers (pH 7.0 and 4.0). The electrical conduc-
tivity of the meat (EC24) was measured with an LF-Star CPU conducti- 
vity meter (Ingenieurbüro R. Matthäus, Nobitz, Germany), accurate to  
0.1 mS cm-1. The electrode of the device was inserted into the pectoralis  
major or thigh muscle at a 90°C angle along the muscle fibers. Subsequently, 
breast and leg muscles were evaluated for color variables. The color variables 
on the inner surface of the raw pectoralis major muscle from the sternal 
crest bone side and of leg muscles (thigh and drumstick muscles, after  
dissection of the patella and tendons) measured 24 h post mortem using a CR 
400 colorimeter (Konica Minolta Poland, Japan), in the L*, a*, b* variable 
system (L* – lightness, a* – redness, b* – yellowness). The diameter of color 
coordinate measurement was 8 mm, wide-area illumination (10° viewing  

Table 2
Calculated chemical composition of compound feeds

Chemical components
Age in days

0 - 10 11 - 35 36 - 42
Total protein (%) 22.7 20.5 18.4
Crude fiber (%) 2.65 2.53 2.43
Metabolizable energy
Kcal (kg-1) 2941 3088 3170
MJ (kg-1) 12.30 12.30 13.30
Vitamin-mineral premix (%) 0.5 0.3 0.3
Amino acids (%)
Lysine 1.43 1.24 1.09
Methionine 0.70 0.61 0.54
Methionine + cystine 1.07 0.95 0.86
Threonine 0.94 0.83 0.75
Arginine 1.48 1.31 1.14
Total phosphorus 0.55 0.39 0.40
Sodium 0.16 0.16 0.15
Retinol (IU) 10000 9000 9000
Cholecalciferol (IU) 3500 3000 2500
a – tocopherol (mg kg-1) 50.0 40.0 40.0
Iron (mg kg-1) 60.0 45.0 45.0
Copper (mg kg-1) 15.0 17.5 17.0
Selenium (mg kg-1) 0.30 0.28 0.29
Manganese (mg kg-1) 80.0 100.0 100.0
Iodine (mg kg-1) 1.2 1.5 1.5
Zinc (mg kg-1) 75.0 75.0 75.0
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angle, D65 illumination). The meter was calibrated using a CR400 reference 
tile, taking into account the calibration data: Y=86.10, x=0.3188, y=0.3362.  
In order to determine culinary losses, the method described by Walczak 
(1959) was used. Samples of breast and leg meat weighing 20±2 g each, 
wrapped in gauze, were placed in a water bath, series WE (LABOPLAY,  
Bytom, Poland) at 85°C for 10 min. After removing the samples from the 
water bath, they were cooled for 30 min at 2°C in a refrigerated cabinet. 
Subsequently, the samples were weighed a second time using an electronic 
scale. Sample weight losses were calculated based on the difference in sam-
ple weight before and after heat treatment, and were expressed as a percent-
age of the initial weight.

Chemical analyses
The basic chemical meat composition (water, protein, fat and collagen 

content) was determined using near-infrared (NIR) transmission spectrosco-
py with FOSS FoodScan Lab (Foss, Hilleroed, Denmark). From each car-
cass, 90 g of breast meat and 90 g of leg meat were cut out, and each sample 
was minced in an electric meat grinder (Zelmer, Rzeszów, Poland) equipped 
with a 2 mm diameter grinding plate.

Meat texture
In this experiment, texture characteristics were also determined, i.e. 

hardness, elasticity, chewiness, cohesiveness, gumminess, and WB shear 
force of the meat. For this purpose, 20 samples (10 samples from each group) 
of the pectoralis major muscle were heat-treated. The samples were heated 
to a temp. of 70.2°C and then cooled to approximately 12°C. Perpendiculars 
were cut from each pectoral muscle, parallel to the course of the muscle  
fibres, obtaining samples size 22 mm high and 20 x 20 mm in cross-section. 
On the sample prepared in this way, 1 measurement was carried out, with  
3 to 5 samples cut from each muscle. Measurements were performed using 
an XT plus Texture Analyzer (Stable Micro Systems, Godalming, Great  
Britain), Texture Profile Analysis (TPA) and Warner-Bratzler (WB) protocols.

In the TPA test, a plunger (diameter – 0.62 cm) was inserted twice into 
the sample, parallel to the orientation of the muscle fibers, to a depth of 80% 
(16 mm) of its height. The crosshead speed was 50 mm min-1 and a 50 N load 
cell was used. Hardness, cohesiveness, springiness, chewiness, and gummi-
ness of the meat were determined from the force-deformation curve obtained 
during the TPA test. Hardness was calculated as the maximum height  
of the first peak, cohesiveness as the ratio of the area of the second peak  
to the first peak area, springiness as the width of the base of the ascending 
portion of the second peak, gumminess as the product of hardness and cohe-
siveness, and chewiness as the product of hardness, cohesiveness and 
springiness (Bourne 1982).
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Digestive system biometric analysis
Measurements were taken with a tape measure of individual segments 

of the small intestine (duodenum, jejunum and ileum), caeca length and  
colon length to the nearest 1mm. The distance of the duodenum was mea-
sured from the pylorus to the pancreatic loop, the length of the jejunum was 
measured from the pancreatic loop to the Meckel’s diverticulum, and the  
ileum was measured from the Meckel’s diverticulum to the ileocecal junction. 
The length of the colon was measured from the opening of the cecum to the 
cloaca, the length of both caeca was measured as the total distance of the 
opening of the ileum to the apex of the right and left cecum. Measurements 
of the diameters of individual segments of the intestine at three locations 
(beginning, middle, end) with an accuracy of 0.01 mm were also made using 
electronic calipers G01494 (Geko, Oświęcim, Poland).

Bone analysis
Measurements were taken on the leg bones obtained after dissection. 

The lengths (greatest, medial), greatest breadth and depth of proximal and 
distal end, and smallest breadth of the corpus were determined on the femur 
using an electronic caliper with an accuracy of 0.01 mm. The following mea-
surements of the tibia (drumstick bone) were also taken: length (greatest, 
axial), greatest diagonal of the proximal end, smallest breadth of the corpus, 
and greatest breadth and depth of the distal end.

Statistical analysis
The collected numerical data were analyzed using generally accepted 

methods of mathematical statistics. The mean (x) values and standard error 
of the mean (SEM), for both groups together, of the studied traits were  
calculated; they were subsequently subjected to one-way analysis of variance. 
The following linear model was used: Yik = μ + ai +eik, where Yik – value  
of the analyzed trait, μ – the overall mean for the tested trait, ai – effect  
of i-th group, eik – random error. The evaluation of the significance of differ-
ences was carried out using the t-test implemented in Statistica PL 10.0 
software. Significance of differences was verified at P<0.05.

RESULTS 

Physicochemical properties
Analyzing the physicochemical properties of the breast and leg muscles 

(Table 3) showed significant (P<0.05) differences in the acidity (pH24)  
of the breast muscles and the level of yellow color (b*) in the breast muscle 
(P=0.038; P=0.002, respectively). We did not find any significant differences 
in the remaining analyzed characteristics between the studied groups  
of birds. 
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Table 3
Effect of the vaccination program on physicochemical properties of meat of 42-day-old  

Ross 308 broiler chickens

Item 
Vaccination program (n=20)

SEM P value
H1 H2

pH24

BM 5.95b 6.04a 0.1 0.038
LM 6.23 6.29 0.1 0.428

EC24 (mS cm-1)
BM 10.9 10.4 0.8 0.914
LM 10.0 9.8 0.2 0.612

Cooking loss (%)
BM 27.1 28.8 0.8 0.319
LM 27.2 26.5 0.7 0.558

L* – lightness
BM 53.2 53.0 0.8 0,913
LM 51.9 50.1 0.9 0.370

a* – redness
BM 1.9 2.5 0.3 0.302
LM 6.7 7.3 0.7 0.725

b* – yellowness
BM 4.2b 6.0a 0.3 0.002
LM 5.9 5,6 0.2 0.750

a,b (p<0.05) – means with different superscripts are statistically different between groups,  
H1 – house 1, H2 – house 2. SEM – Structural Equation Model, BM – breast muscle, LM – leg 
muscle, EC – electrical conductivity. 

Chemical analyses
The basic chemical composition of breast and leg muscles is shown  

in Table 4. Significant (P<0.05) differences were found between groups  
of chickens in the percentage of water, protein and collagen in the breast 
muscle (BM). Higher water content (P=0.006) and collagen content (P=0.002) 
were found in the BM of chickens from the H2 group than in the H1 group. 
In contrast, the protein content of breast muscles was significantly (P<0.001) 
higher in H1 birds compared to H2 birds. The vaccination programs applied 
differentiated the groups of birds in terms of the chemical composition of leg 
muscles. Significant differences were found in the percentage of protein and 
intra-muscular fat. Significantly (P=0.001) higher protein content was found 
in the leg muscles of chickens from the H1 group (20.2%) than in the H2 
group (18.8%). The percentage of intramuscular fat was significantly higher 
(P=0.005) in birds from the H2 group than in the H1 group.

Meat texture
Significant differences in shear force were found (P<0.05) analyzing the 

texture of M. pectoralis major after heat treatment of 42-day-old broiler 
chickens. Significantly higher WB shear force was recorded for the pectoralis 
major muscle of chickens in the H1 group (30.0 N) compared to the H2 group 
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(24.7 N). The other texture traits tested (hardness, cohesiveness, springiness, 
chewiness, gumminess) were not significantly affected by the vaccination 
program (P=0.089-0.726).

Digestive system morphometry
There were no significant differences between the groups on day 42  

in terms of the length of individual intestinal segments. However, the app- 
lied vaccination program differentiated the examined birds with respect  
to caecal diameter (P=0.015). In the H1 group, where vaccination (IB+AMP) 
was administered on the first day, caecal diameter was significantly smaller 

Table 4
Effect of the vaccination program on proximate meat chemical composition of 42-day-old  

Ross 308 broiler chickens

Item
Vaccination program (n=20)

SEM P value
H1 H2

Water (%)
BM 72.2b 72.9a 0.2 0.006
LM 72.1 72.0 0.2 0.715

Protein (%)
BM 23.6a 22.8b 0.1 <0.001
LM 20.1a 18.8b 0.2 <0.001

Intramuscular fat 
(%)

BM 2.4 1.9 0.2 0.074
LM  4.8b  6.0a 0.2 0.005

Collagen (%)
BM  1.5b  1.6a 0.1 0.002
LM 1.6 1.6 0.1 0.582

a,b (p<0.05) – means with different superscripts are statistically different between groups,  
H1 – house 1, H2 – house 2, SEM – Structural Equation Model, BM – breast muscle, LM – leg 
muscle

Table 5
Effect of the vaccination program on texture characteristics of pectoralis major muscle  

of 42-day-old Ross 308 broiler chickens

Item
Vaccination program (n=20)

SEM P value
H1 H2

Hardness (N) 16.4 14.4 0.6 0.089
Cohesiveness 0.3 0.3 0.1 0.726
Springiness (cm) 1.5 1.6 0.1 0.209
Chewiness (N x cm) 9.0 7.9 0.4 0.228
Gumminess (N) 5.8 5.0 0.3 0.197
WB shear force 30.0a 24.7b 1.2 0.031

a,b (p<0.05) – means with different superscripts are statistically different between groups,  
H1 – house 1, H2 – house 2, SEM – Structural Equation Model
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(7.3 mm) than in the H2 group in which birds were vaccinated against IB  
on day 7 (8.4 mm) – Table 6.

Femur dimensions
Significant P<0.05 differences were found in chicken carcass weight and 

femur dimensions (Table 7). Significantly higher carcass weight was shown 
in birds from the H2 group (2295.6 g) versus the H1 group (1822.8 g). Birds 
from the H2 group were characterized by significantly longer femur dimen-
sions (GL – greatest length, ML – medial length, GB – greatest breadth  
of the proximal end, GD – greatest depth of the proximal end, SM – smallest 
corpus breadth, GC – greatest breadth of the distal end, GE – greatest  
depth of the distal end of the femur) than chickens from the H1 group  
(P=0.001-0.023).

Tibia dimensions
The applied vaccination program differentiated the groups of birds  

in terms of tibia dimensions (Table 8). Birds from the H2 group had signifi-
cantly higher dimensions of: GL (greatest length), AL (axial length),  
GD (greatest diagonal of the proximal end), SB (smallest corpus breadth),  
SD (greatest breadth of the distal end), DD (depth of the distal end of the 
tibia) than broilers from the H1 group. 

Table 6
Effect of the vaccination program on length and diameter of intestinal segments of 42-day-old 

Ross 308 broiler chickens

Item
Vaccination program (n=20)

SEM P value
H1 H2

 Length (cm)
Total intestine 259.8 256.8 4,5 0.739
Duodenum 30.8 29.8 0.3 0.147
Jejunum 88.4 86.7 1.8 0.642
Ileum 88.7 87.0 1.8 0.675
Caeca 39.0 40.7 0.9 0.364
Colon 12.9 12.6 0.3 0.592

 Diameter (mm)
Duodenum 11.1 10.7 0.3 0.495
Jejunum 8.3 7.8 0.1 0.124
Ileum 7.3 7.1 0.2 0.621
Caeca 7.3b 8.4a 0.2 0.015
Colon 8.1 6.9 0.4 0.085

a,b (p<0.05) – means with different superscripts are statistically different between groups,  
H1 – house 1, H2 – house 2, SEM – Structural Equation Model 
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DISCUSSION 

Meat acidity (pH) is an important quality indicator closely related to bird 
slaughtering, meat processing and storage. In addition, meat pH is strongly 
correlated with color and appearance characteristics, indicating the main 

Table 7
Effect of the vaccination program on carcass weight and femur dimensions  

of 42-day-old Ross 308 broiler chickens

Item
Vaccination program (n=20)

SEM P value
H1 H2

Carcass weight (g) 1822.8b 2295.6a 76.3 0.001
GL (mm) 72.0b 76.3a 0.8 0.005
ML (mm) 69.4b 73.0a 0.8 0.011
GB (mm) 19.2b 21.3a 0.4 0.005
GD (mm) 9.7b 10.8a 0.3 0.023
SM (mm) 8.2b 9.6a 0.3 0.001
GC (mm) 17.1b 18.7a 0.4 0.008
GE (mm) 10.9b 12.0a 0.2 0.023

a,b (p<0.05) – means with different superscripts are statistically different between groups,  
H1 – house 1, H2 – house 2, SEM – Structural Equation Model, GL – greatest length,  
ML – medial length, GB – greatest breadth of proximal end, GD – greatest depth of proximal 
end, SM – smallest breadth of the corpus, GC – greatest breadth of the distal end; GE – great-
est depth of distal end

Table 8
Effect of the vaccination program on tibial bone dimensions of 42-day-old  

Ross 308 broiler chickens

Item
Vaccination program (n=20)

SEM P value
H1 H2

GL (mm) 96.1b 102.3a 1.1 0.003
AL (mm) 93.7b 99.6a 1.0 0.001
GD (mm) 24.3b 26.0a 0.4 0.014
SB (mm) 6.9b 8.0a 0.2 0.003
SD (mm) 17.9b 19.9a 0.4 0.007
DD (mm) 11.5b 13.4a 0.4 0.005

a,b (p<0.05) – means with different superscripts are statistically different between groups,  
H1 – house 1, H2 – house 2, SEM – Structural Equation Model, GL – greatest length,  
AL – axial length, GD – greatest diagonal of the proximal end, SB – smallest breadth  
of the corpus, SD – smallest breadth of the distal end, DD – greatest depth of the distal end
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meat quality traits and abnormalities (Sokoya et al. 2019). In the present 
study, the higher pH value in the breast muscle (BM) affected the level  
of yellow color saturation (b*), which was significantly higher in the group of 
birds with higher BM pH24 levels. Meat color is an important trait because  
it directly influences consumer purchasing decisions, and is often related to 
meat freshness and nutritional condition (Grigore et al. 2023). The vaccina-
tion programs applied did not significantly affect the color of the breast and 
leg muscles, except for BM b* – yellowness. Other studies have also shown 
no significant effect on muscle color in relation to the vaccination program 
used in Cobb 500 chickens (Chung et al. 2021). In the study by Chung et al. 
(2021), L*, a*, and b* color variables reached higher values than in this 
study. Most likely, the genotype of the hybrids influenced the results.  
This study showed no effect of the vaccination programs on cooking loss and 
electrical conductivity (EC24) of the breast and leg muscles. The lower EC24 
level obtained in this study in H2 chickens compared to H1 birds confirmed 
the positive correlation with water content and the negative correlation with 
the amount of protein in the muscle, as shown in another study (Stęczny, 
Kokoszyński 2019). In contrast, Chung et al. (2021) demonstrated significant 
differences in cooking loss in Cobb 500 broiler chickens depending on the 
preventive program used. It was found that the birds that received vaccina-
tion (ND+IB) on day 3 had a 3.34% higher meat sample weight loss during 
cooking compared to the control group not vaccinated with ND+IB on day 3 
(Chung et al. 2021). In contrast, other authors (Hidayat 2016, Sari et al. 
2023) reported that meat losses during cooking were affected by storage 
time. Meat stored in the refrigerator for 4 days loses about 10% more weight 
during cooking compared to fresh meat (Sari et al. 2023). 

Poultry meat is chosen by consumers, among others, because of the low 
content of intramuscular fat, which affects juiciness and tenderness, and 
should not exceed 2.5% (Wegner et al. 2023). The fat content is affected  
by the birds’ nutrition. The study by Osek et al. (2013) showed that fat levels 
could be reduced by adding pea seeds to the diet. Other work has also found 
that the fat content was affected by feeding birds feeds supplemented  
with legumes (Janocha et al. 2021). The study by Abdulla et al. (2017) 
demonstrated that probiotics containing Bacillus subtilis added to the diet  
of chickens reduced the fat content in the breast muscle (Abdulla et al. 
2017). In contrast, our study showed that intramuscular fat levels were  
affected by the vaccination program. The amount of protein and water  
is another important factor affecting the quality of poultry meat. In the 
study conducted by Ivanovic et al. (2012), probiotics containing various 
strains of bacteria such as Lactobacillus spp., Bifidobacterium spp., Lactococ-
cus spp., Streptococcus thermophilus, Bacillus subtilis, Rhodopseudomonas 
spp. and Saccharomyces spp. were added to chicken feed. The study found  
a significant increase in water content and a significant reduction in fat and 
protein contents in drumstick meat (Arbor Acres). However, in the present 
study, the birds differed in terms of the protein content in the leg muscles 
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depending on the vaccination program used. Nonetheless, the vaccination 
program did not affect the water content in leg muscles, but the results were 
similar to those reported in other studies (Stęczny, Kokoszyński 2019,  
Grigore et al. 2023). Stęczny. Kokoszyński (2019) used a probiotic (Em-15)  
as a feed supplement for Ross 308 broiler chickens, and obtained very simi-
lar amounts of protein in the breast muscles compared to the current study, 
while the protein level in leg muscles (Pro-Biotyk Em-15) was significantly 
higher. 

Tenderness is an important quality attribute, defined by the ease  
of chewing, and is widely used as an indicator during meat selection from  
a consumer perspective (Jiang et al. 2018). The vaccination programs used  
in this evaluation did not significantly affect the texture characteristics  
of the breast muscle, apart from the tenderness expressed in shear force  
(Table 5). The cohesiveness results obtained in our study were similar to the 
findings of Grigore et al. (2023). The springiness and chewiness of chickens’ 
meat from the latter study were higher than those of the Ross 308 hybrids  
in this experiment. It can be concluded that the studied texture traits 
(springiness, chewiness) of the breast muscle were influenced by the geno-
type of the birds, as other authors have reported similar results in Ross 308 
chickens to those obtained in this experiment, i.e. in birds of the same origin 
(Stęczny and Kokoszyński 2019). 

The analysis of the individual lengths and diameters of intestinal seg-
ments showed no significant (P<0.05) effect of the vaccination program on 
the traits studied, except for the diameter of the caeca. The caecum diameter 
obtained was similar to that described in other studies in chickens with the 
same genotype (Kokoszyński et al. 2017). In contrast, in a study by Stęczny 
and Kokoszyński (2020), the diameter of the caeca was significantly larger  
in chickens treated with EM probiotics. Moreover, the total length of the  
intestine in our study was shorter than in broilers supplemented with EM 
probiotics during rearing (Stęczny, Kokoszyński 2020). In contrast, another 
study found an effect of the genotype on total intestinal length (Kokoszyński 
et al. 2017). Comparing hybrids (Hubbard Flex, Hubbard F15, Ross 308),  
it was found that Ross 308 had the longest total intestinal length, while 
Hubbard Flex had the shortest one (Kokoszyński et al. 2017); however,  
the values obtained in the latter work were lower compared to the findings 
of our study. 

The vaccination programs differentiated the birds in terms of carcass 
weight. Contrary findings (no significant differences in carcass weight) were 
found by Chung et al. (2021), who applied a vaccination program based on 
IBD, ND and IB vaccines. However, the results of the broiler carcass weight 
recorded in this experiment were markedly higher than in other studies 
(Chung et al. 2021, Zsedely et al. 2022). Differences in carcass weight affec- 
ted the dimensions of the femur and tibia. The greatest length (GL) of the 
femur was significantly lower in the group of chickens vaccinated with 



IB+AMP on the first day. However, the lengths of GL, ML, GB, GD, SM  
and GC obtained in this study in the H2 group were similar to the results  
of other studies (Stęczny, Kokoszyński 2020). The significant difference  
in carcass weight also resulted in considerable differences in tibia dimen-
sions. Chickens from the H1 group, whose carcass weight was significantly 
lower, were characterized by smaller tibia dimensions: greatest length (GL), 
axial length (AL), greatest diagonal of the proximal end (GD), smallest cor-
pus breadth (SB), greatest breadth of the distal end (SD), and distal end 
depth (DD) compared to H2 birds. The study by Stęczny and Kokoszyński 
(2020) showed a significant (P<0.05) effect of EM probiotic supplementation 
on SB in female Ross 308 chickens. The GL and AL dimensions in the cur-
rent study (H2 group) were higher than those obtained in the latter work. 
However, the other results (SD, DD, GD) in our study (H2 group) were con-
sistent with findings of Stęczny and Kokoszyński (2020). Limitations of this 
study include the relatively small sample size and the random selection  
of birds from which meat, digestive organs and leg bones were sampled.  
The sample size evaluated for each group was too small to calculate  
simple correlation coefficients for the results obtained in the studied groups 
of broiler chickens with different preventive vaccination programmes.  
The implementation of the study on a commercial poultry farm provided  
results that were valuable for broiler chicken meat producers and consumers, 
as well as for obtaining data on the anatomy of the digestive system and leg 
bones. The present study and the results presented in this article are among 
the few on the effects of preventive vaccination programmes on meat quality, 
biometric traits of the digestive system and leg bones of broiler chickens.

CONCLUSIONS

In summary, the H2 vaccination program had a positive significant effect 
on the carcass weight of 42-day-old broilers. Chickens subjected to the H1 
vaccination program were characterized by significantly lower water and 
collagen content, pH24, and meat tenderness (higher WB shear force) in the 
breast, as well as significantly higher protein content in the breast and  
leg muscles, and a lower percentage of fat in the leg muscles compared  
to chickens subjected to the H2 vaccination program The dimensions of  
femur and tibia bones in 42-day-old broiler chickens administered vaccines 
according to the H2 vaccination program were significantly higher than  
in chickens on the H1 vaccination program. The results indicate that the 
applied H2 vaccination program had a more favorable effect on the carcass 
weight and leg bone dimensions of Ross 308 broiler chickens, while the  
applied H1 vaccination program had a more favorable effect on the basic 
chemical composition of the meat. Due to the better results of the evaluation 
of the textural characteristics of breast meat of broiler chickens treated with 
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the H2 prophylactic vaccination programme, it should be considered a better 
choice for chicken meat producers and consumers. However, the basic chemi- 
cal composition of breast and leg meat of broiler chickens indicates a more 
favourable effect of the prophylactic H1 vaccination programme than of the 
H2 programme. 

Supplementary materials
The datasets analyzed during the current study are available from the 

corresponding author upon reasonable request. The authors are also willing 
to answer any questions that may arise concerning this paper. 

Author contributions 
M.W. – conceptualization, methodology, software, formal analysis, inves-

tigation, data curation, writing the original draft, D. K. – formal analysis, 
writing – review and editing, H.J., J.B., K.T. – supervision, M. K., J.Ż.-K. – 
methodology, investigation.

Conflicts of interest 
The authors declare no conflict of interest.

REFERENCES
Abdulla, N.R., Zamri, A.N.M., Sabow, A.B., Kareem, K.Y., Nurhazirah, S., Ling, F.H.,  

Sazili, A.Q., Loh, T.C. (2017) ‘Physicochemical properties of breast muscle in broiler  
chickens fed probiotics, antibiotics or antibiotic-probiotic mix’, Journal of Applied Animal 
Research, 45, 64-70, available: DOI: 10.1080/09712119.2015.1124330.

Banaszak, M., Biesek, J., Kuzniacka, J., Grabowicz, M., Adamski, M. (2021) ‘Slaughter yield, 
quality of meat from broiler chickens of different origin and age on diet with extruded  
or meal soybean’, Journal of Applied Animal Research, 49, 357-365, available: https://doi. 
org/10.1080/09712119.2021.1979559

Banaszkiewicz, T., Białek, A., Tokarz, A., Kaszperuk, K. (2018) ‘Effect of dietary grape and  
pomegranate seed oil on the post-slaughter value and physicochemical properties of musc-
les of broiler chickens’, Acta Scientiarum Polonorum Technologia Alimentaria 17, 199-209, 
available: http://dx.doi.org/10.17306/J.AFS.2018.0563

Bourne, M.C. (1982), Food Texture and Viscosity Concept and Measurement, Academic Press, 
New York, NY, USA. 

Chung, E.L.T., Algirani, M.M., Kamalludin, M.H. (2021) ‘Do different vaccination regimes af-
fect the growth performance, immune status, carcass characteristics and meat quality of 
broilers?’, British Poultry Science, 62, 32-37, available: DOI: 10.1080/00071668.2020. 
1817327.

Colvero, L.P., Tajkowski, T. M., Brandao, P. E., Taniwaki, S. A., Villareal, L. Y. (2018) ‘Effects 
of three different live vaccination schemes against infectious bronchitis on the performance 
of broilers under field conditions’, The Poultry Site, 6, 1-11, available: https://www. 
thepoultrysite.com/articles/effects-of-three-different-live-vaccination-schemes-against- 
infectious-bronchitis-on-the-performance-of-broilers-under-field-conditions

Grigore, D., M., Mironeasa, S., Ciurescu, G., Ungureanu-Iuga, M., Batariuc, A., Babeanu, N.E. 
(2023) ‘Carcass yield and meat quality of broiler chicks supplemented with yeasts biopro-
ducts’, Applied Science 13, 1607, available: https://doi.org/10.3390/app13031607



416

Hidayat, M. N. (2016) ‘Improving the quality of poultry meat through balanced regulation  
of protein and energy rations’ Technoscience: Science and Technology Information Media, 
10, 59-68, available: DOI: 10.3390/ani13081386

Ivanovic, S., Baltic, M., Popov-Raljic, J., Pisinov, B., Madlic-Strizak, D., Stojanovic, Z.,  
Pavlovic, I. (2012) ‘The effect of different probiotics on broiler meat quality’, African  
Journal of Microbiology Research, 6, 937-943, available: DOI: 10.5897/AJMR11.870

Janocha, A., Milczarek, A., Łaski, K., Głuchowska, J. (2021) ‘Slaughter value and meat quality 
of broiler chickens fed with rations containing a different share of pea seed meal’, Acta 
Scientiarum Polonorum Technologia Alimentaria, 20, 265-276, available: DOI: 10.17306/J.
AFS.0914

Jianga, H., Yoonb, S.Ch., Zhuangb, H., Wanga, W., Lawrenceb, K.C., Yang, Y. (2018) ‘Tender-
ness classification of fresh broiler breast fillets using visible and nearinfrared hyperspec-
tral imaging’, Meat Science, 139, 82-90, available: DOI: 10.1016/j.meatsci.2018.01.013

Kokoszyński, D., Bernacki, Z., Saleh M., Steczny, K., Binkowska, M. (2017) ‘Body conformation 
and internal organs characteristics of different commercial broiler lines’, Brazilian Journal 
of Poultry Science, 19, 47-52, available: https://doi.org/10.1590/1806-9061-2016-0262

Kokoszyński, D., Żochowska-Kujawska, J., Kotowicz, M., Sobczak, M., Piwczyński, D., Stęczny, K., 
Majrowska, M., Saleh, M. (2022) ‘Carcass characteristics and selected meat quality traits 
from commercial broiler chickens of different origin’, Animal Science Journal, 93, e13709, 
available: https://doi.org/10.1111/asj.13709

Koreleski, J., Barteczko, J., Kamińska, B., Rutkowski, A. (2005) ‘Nutrient recommendations for 
the chicken, In: Nutrient Requirement of Poultry, Ed. Smulikowska S., and Rutkowski A.’, 
IFIZZ Jabłonna near Warsaw, Poland, available: https://docplayer.pl/45848831-Wplyw
-elektrolitow-w-paszy-brojlerow-na-wskazniki-produkcyjne-bilans-sodu-oraz-wilgotnosc- 
odchodow.html

Kowalska, D., Połtowicz, K., , Bielański, P., Niedbała, P., Kobylarz, P. (2012) ‘Comparison  
of meat quality of rabbits, nutria and chickens’, Roczniki Naukowe Zootechniki, 39, 237-248, 
available: https://rnz.izoo.krakow.pl/files/RNZ_2012_39_2_art07.pdf

Lopez, K., Schilling, M. W., Corzo, A. (2011) ‘Broiler genetic strain and sex effects on meat  
characteristics’, Poultry Science 90, 1105-1111, available: https://doi.org/10.3382/ps.2010-
01154

Milczarek, A., Osek, M., Horoszewicz, E., Niedziółka, R. (2020) ‘Effect of different shares of pro-
tein feeds in diets and of cold storage time on the physical properties of broiler chicken’s 
meat’, Journal of Central European Agriculture, 21, 7-13, available: https://doi.org/10.5513/
JCEA01/21.1.2516

Ndegwa, E.N., Bartlett, S.N., Toro, H., Joiner, K.S., van Santen, V.L. (2015) ‘Combined  
infectious bronchitis virus Arkansas and Massachusetts serotype vaccination suppresses 
replication of Arkansas vaccine virus’, Avian Pathology, 44, 408-420, available:  
DOI: 10.1080/03079457.2015.1077928

Nowak, M., Trziszka, T. (2010) ‘Zachowania konsumentów na rynku mięsa drobiowego [Consumer 
behaviour on the poultry meat market]’, Żywność Nauka Technologia Jakość, 68, 114-120,  
available: https://wydawnictwo.pttz.org/wp-content/uploads/2015/02/11_Nowak.pdf

Osek, M., Milczarek, A., Klocek, B., Turyk, Z., Jakubowska, K. (2013) ‘Effectiveness of mixtu-
res with the fabaceae seeds in broiler chicken feeding’, Annales Univiverstatis Mariae  
Curie-Skłodowska, Section EE, Zootechnica, 31, 77-86.

Sari, A., Hatta, W., Maruddin, F. (2023) ‘Application Of bay leves (Syzygium polyanthum)  
on broiler meat, the physiochemical quality of meat and the sensory effect of the nugget 
product’, Journal of Pharmaceutical Negative Results, 14, 1123-1128, available: https://doi.
org/10.47750/pnr.2023.14.S02.137

Sokoya, O.O., Babajide, J.M., Shittu, T.A., Sanwo, K.A., Adegbite, J.A. (2019) ‘Chemical and  
color characterization of breast meat from FUNAAB indigenous and Marshal broiler  



417

chickens’, Tropical Animal Health and Production, 51, 2575-2582, available: DOI: 10.1007/
s11250-019-01974-3

Stęczny, K. and Kokoszyński, D. (2019) ‘Effects of probiotics and sex on physicochemical, sensory 
and microstructural characteristics of broiler chicken meat’, Italian Journal of Animal 
Science, 18, 1385-1393, available: https://doi.org/10.1080/1828051X.2019.1667269

Stęczny, K. and Kokoszyński, D. (2020) ‘Effect of probiotic preparations (EM) and sex on mor-
phometric characteristics of the digestive system and leg bones, and caeca microflora  
in broiler chickens’, Journal of Applied Animal Research, 48, 45-50, available: DOI: 10.1080/ 
09712119.2020.1718680

Walczak, Z. (1959) “Laboratoryjna metoda oznaczania zawartości galarety w konserwach mięs- 
nych [Laboratory method for determining the content of jelly in canned meat]”, Roczniki 
Nauk Rolniczych, 74, 619-621. (in Polish)

Wegner, M. (2016) ‘Evaluation of the effect of vaccines on the immune response and production 
performance of broiler chickens of various origins’, PhD thesis. UTP University of Science 
and Technology in Bydgoszcz, Poland.

Wegner, M., Kokoszyński, D., Włodarczyk, K. (2023) ‘Effect of different vaccination programs 
on production parameters, carcass, leg bones, and digestive system characteristics  
of broilers’, Poultry Science, 102, 102668, available: https://doi.org/10.1016/j.psj.2023.102668

Wegner, M., Kokoszyński D., Żochowska-Kujawska, J. Kotowicz, M. (2023) ‘Effect of genotype 
and sex on chemical composition, physicochemical properties, texture and microstructure 
of spent broiler breeder meat’, Agriculture, 13,1848, available: https://doi.org/10.3390/agri-
culture13091848

Zsedely, E., Cullere, M., Takacs, G., Herman, Z., Szalai, K., Singh, Y., Zotte A.D. (2022) ‘Dietary 
inclusion of defatted silkworm (Bombyx mori L.) Pupa meal for broiler chickens at different 
ages: growth performance, carcass and meat quality traits’, Animals, 13, 119, available:  
https://doi.org/10.3390/ani13010119


