
311

Animal Science Papers and Reports vol. 42 (2024) no. 3, 311-330 
DOI: 10.2478/aspr-2023-0039 

Institute of Genetics and Animal Biotechnology  
of the Polish Academy of Sciences, Jastrzębiec, Poland

Effect of the competitive exclusion culture  
on the growth, blood parameters, leg health,  
and innate immunity of broiler chickens*

Artur Żbikowski1, Monika Michalczuk2**, Karol Pawłowski1,  
Krzysztof Adamczyk1, Gustaw Szafraniec1, Olga Witkowska-Piłaszewicz3, 
Damian Bień4, Krzysztof Damaziak2, Monika Łukasiewicz-Mierzejewska2, 
Beata Dolka 1, Eija Kaukonen5, Piotr Szeleszczuk1

1	 Department of Pathology and Veterinary Diagnostics, Institute of Veterinary Medicine,  
Warsaw University of Life Sciences - SGGW, Nowoursynowska 159c St., 02-776 Warsaw, Poland

2 Department of Animal Breeding, Institute of Animal Sciences, Warsaw University of Life 
Sciences - SGGW, Ciszewskiego 8 St., 02-786 Warsaw, Poland

3	 Department of Large Animal Diseases and Clinic, Institute of Veterinary Medicine,  
Warsaw University of Life Sciences, Nowoursynowska 100 St., 02-776, Warsaw, Poland

4 Division of Animal Nutrition, Institute of Animal Sciences, Warsaw University of Life Sciences - 
SGGW, Ciszewskiego 8 St., 02-786 Warsaw, Poland

5 Research Centre for Animal Welfare, Department of Production Animal Medicine,  
University of Helsinki, 00014 Helsinki, Finland

(Accepted August 19, 2024)

The primary aim of poultry production is to obtain a high yield and quality end product. To reduce 
the risk of disease, many direct-fed microbial products have been developed. That appears to be an 
excellent tool for disease prevention. 
We evaluated the influence of the commercial, competitive exclusion (CE) product, Broilact®, on 
the growth rate, hematology, serum biochemistry, and innate immunity in male ROSS-308 chickens, 
randomly divided into two groups (Broilact® treatment and control) raised for 42 days. 

*Experimental field study was funded by Orion Pharma (Finland). Agreement with WULS no 70/CIiTT/2020. 
**Corresponding author: monika_michalczuk@sggw.edu.pl 
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The birds’ body weight was determined at 1, 7, 14, 28, 35, and 42 days, and the blood samples were 
collected at days 22 and 42 of life. We observed lower mortality, better gait score, and higher final 
body weight in the Broilact® group. At day 22, birds from the treated group presented higher white 
blood cells counts (WBC) and T cytotoxic lymphocyte (CD8+) counts, higher total protein (TP) 
(fraction globulin and albumin), and lower triglyceride (TAG) and Ca2+ plasma concentrations. No 
differences were found in acute phase proteins (APPs). At day 42, only the K+ and Na+ concentrations 
were higher, while the IL-10 was lower in treated birds’ blood serum.
Our results indicate that treatment with one dose of the Broilact® product at day one of life has a 
beneficial influence, which improves the chickens’ performance, leg health and some serum enzymes 
activity, maintains electrolyte homeostasis, and influences leukocyte count with the rise of T CD8+ 
subpopulations.

KEYWORDS: competitive exclusion / chicken broiler / leg health indicators / hematology / 
                                  blood biochemistry / innate immunity 

List of abbreviations

A:G: albumin/globulin; ALT: alanine transaminase; ANOVA: analysis of variance; 
AP: alkaline phosphatase; APP: acute phase proteins; AST: aspartate transaminase; 
Bu-1+: B lymphocyte; Ca: calcium; CD3+: T lymphocyte; CD4+/CD8+: T 
lymphocyte subpopulations; CE: competitive exclusion; CFU: colony forming units; 
CP: ceruloplasmin; CRP: C-reactive protein; EDTAK3: ethylenediaminetetraacetic 
acid tripotassium salt dehydrate; ELISA: Enzyme-Linked Immunosorbent Assay; 
EPEF: European production efficiency factor; ESBL: extended-spectrum beta-
lactamase; GS: gait score; FCR: feed conversion ratio; FGA: fibrinogen Alpha; 
FITC: fluorescein isothiocyanate; FPD: footpad dermatitis; HP: haptoglobin; IBD: 
Infectious Bursal Disease; IgA: immunoglobulin A; IgM: immunoglobulin M; IgY: 
immunoglobulin Y; IL-1β, IL-2,IL-4,IL-6, IL-8, IL-10 : interleukins 1 beta,2,4,6,8 
and 10; IFG: interferon Gamma; K: potassium; LZM: lysozyme; MCP-1: monocyte 
chemotactic protein 1; MD: Marek’s Disease; ME: metabolizable energy; Mq+: 
Monocytes; Na: sodium; ND: Newcastle Disease; NE: necrotic enteritis; ORM1: 
orosomucoid 1; P: phosphorus; PE: phycoerythrin; RBC: red blood cell; ROSS-
308: broiler chicken line; SEM: standard error of mean; sICAM-1/CD54: soluble 
intercellular adhesion molecule 1; TAG: triglycerides; TP: total protein; WBC: white 
blood cell.

A mixture of stable microbes derived from the intestinal microbiota of healthy 
adult animals is the basis for competitive exclusion (CE) products. The application 
of CE products is based on the so-called Nurmi Concept [Pivnick and Nurmi 1982, 
Pieczyńska et al. 2020, 2022, Akbarimehr et al. 2023, Asadollahi et al. 2023, 
Marchewka et al. 2023, Nowaczewski et al. 2023, Pourreza et al. 2023, Wójcik et 
al. 2023]. Combinations of distinct probiotic bacteria have been shown to suppress 
pathogenic bacteria from the gut of vertebrates through competitive exclusion [Nurmi 
and Rantala 1973]. The use of CE and the Nurmi Concept in combination with 
biosecurity measures has been shown to act against food-poisoning by Salmonella 
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spp. and Campylobacter spp. in poultry [Hakkinen and Schneitz 1999, Nurmi and 
Rantala 1973, Palmu and Camelin 1997, Pivnick and Nurmi 1982]. 

This concept was originally devised to control salmonella infections. In Finland, 
CE technology was first used in the broiler industry as early as 1976, and by 1981 it 
was also playing an important role in neighboring Sweden as a part of their national 
salmonella control strategy for poultry [Wierup et al. 1995]. It was also experimentally 
proved that CE treatment also protects chicks against pathogenic Escherichia coli 
[Hakkinen and Schneitz 1996], Yersinia enterocolitica [Soerjadi-Liem et al. 1984], 
and Campylobacter spp. [Mead et al. 1996, Schneitz and Hakkinen 2016], as well 
as protecting chickens, turkeys, and pheasants against Salmonella Infantis [Schneitz 
and Renney 2003]. Moreover, CE treatment in broiler chicks decreased the count of 
Clostridium perfringens in the caeca, resulting in reduced mortality from necrotic 
enteritis (NE) - Elwinger et al. [1992]. 

In 1987, the first commercial CE product: Broilact® was launched in Finland 
and Sweden. In the beginning, and until 1994, it was sold in liquid form. After that, 
the original preparation was substituted by the lyophilized product [Schneitz et al. 
1998]. According to the manufacturer, Broilact® is refined gut microbiota obtained 
from healthy, adult hens, which colonizes the intestinal surface and establishes a 
natural, dominant gut microbiota. The more detailed composition of the Broilact® 
was previously published by Such et al. [2021]. Its properties provide the flock with 
a lifelong natural defense against undesirable bacteria when used in chicks, in a 
single dose, just after they hatch. Consistent use, together with proper farm hygiene 
management, reduces the need for antimicrobial treatment. Broilact® can be used with 
various species of fowl, including chickens, turkeys, and pheasants (https://www.
broilact.com/). The Broilact® product has already been tested in other experiments, 
where its ability to positively modulate gut microbiota, protect against particular 
gastrointestinal bacteria (Salmonella spp., Clostridium spp., Campylobacter spp.), 
and reduce extended-spectrum beta-lactamase (ESBL) production, Escherichia coli 
colonization in broilers’ intestines as well as improve feed digestibility and production 
parameters in birds has been proved and appears to benefit chickens, pheasants, 
and turkeys [Bilal et al. 2000, Elwinger et al. 1992, Hakkinen and Schneitz 1996, 
1999, Kaldhusdal et al. 2001, Nuotio et al. 2013, Palmu and Camelin 1997, Schneitz 
1992, Schneitz and Hakkinen 1998, Schneitz et al. 1998]. Broilact® is widely used 
in Finnish broiler and turkey production as a valuable part of poultry biosecurity 
procedures [Siekkinen et al. 2012]. Due to the favorable epidemiological situation 
and the judicious use of antibiotics, Finnish broiler production is almost completely 
antibiotic-free; it is also almost free of Salmonella spp. and has a low prevalence of 
Campylobacter spp. [The European Union One Health 2022 Zoonoses Report 2022]. 
The product is also widely used in other countries (https://www.broilact.com/).

The requirement to diminish the use of antibiotics in animal production imposes 
a need to apply alternatives. The use of CE products in animal feeding, particularly 
in poultry, appears to be a promising antibiotic-independent approach “from farm 
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to fork,” which can be used to reduce the prevalence of human infection with by 
enteropathogens [Ducatelle et al. 2015, Heimesaat et al. 2021, Mountzouris et al. 
2009]. We would like to enrich the knowledge about this type of product especially 
focusing on the general reaction of chicken organisms on contact with the provided 
external digestive tract microbiota. The aim of our experiment was to evaluate 
possible influence of this product on hematology, serum biochemical parameters, leg 
health indicators, and innate immune response, after oral application of the product 
to one-day-old broilers reared up to 42 days of age. This aim was to be achieved 
by tracking the quantitative and qualitative changes in selected immune response 
elements (T cell and B cell subpopulations, monocytes), antibody levels, and changes 
in blood morphology and biochemical indicators in chickens that received Broilact®. 
The economic aspects of production were also considered.

Material methods
Birds and experimental design

To simulate in the best possible way the commercial farm conditions a floor pen 
trial was carried out in the experimental broiler house (RZD Wilanow-Obory, Warsaw 
University of Life Sciences–SGGW, Warsaw, Poland) we used the largest possible 
number of experimental birds. In total, 1044 ROSS-308 one day old male chicks, that 
had been vaccinated against IBD (Infectious Bursal Disease), MD (Marek’s Disease), 
and ND (Newcastle Disease) were purchased from a local commercial hatchery and 
randomly allocated to 18 pens (58 chicks per pen on litter) in a windowless and 
thermostatically controlled room. The chickens were divided into two groups: the 
experimental group treated with Broilact® (B, n=522 chicks) (Orion Pharma, Finland) 
and the non-treated control group (C, without Broilact®, n=522 chicks). Each group 
consisted of nine replicated pens, with a predicted stocking density, according to 
the EU Council’s broiler welfare directive [2007/43/EC], of 33 kg/m2 at day 42, 
post-hatching (EU Broiler Welfare Directive Council Directive 2007/43/EC). Each 
pen was equipped with two tube feeders and two bell drinkers. The lighting and 
temperature in the building were adjusted according to the Ross management guide 
[Ross management guide. Aviagen 2019], with the ambient temperature starting at 
34°C at chick placement, which was then gradually reduced to 20°C by day 25, and 
maintained at this level thereafter. Before administration, the Broilact® was prepared 
according to the manufacturer’s instructions. A dose of 1 mg Broilact® per bird (≥107 
CFU/0.3 mL) was diluted in 0.3 ml of regenerant agent solution and administered 
into the crop of one-day chicks at the hatchery. The birds from the control group 
received 0.3 ml of regenerant agent solution in the same way. The chickens were 
fed commercial diets (granulated feed): starter I (0-7 days) and starter II (8-15 days, 
metabolizable energy (ME)) 3000 kcal/kg, 22.10% protein); grower I (16-27 days, 
ME 3130 kcal/kg, 20.10% protein); grower II (28-35, ME 3170 kcal/kg, 19.30% 
protein); and finisher (36-42 day, ME 3190 kcal/kg, 18.70% protein) from Cedrob 
S.A. Company (Poland) [Official Methods of Analysis of AOAC International, 2005].

A. Żbikowski et al. 
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Determination of chicken production parameters, food pad lesions, and gait score

The chickens were reared for 42 days. The birds’ body weights were determined at 
1, 7, 14, 28, 35, and 42 days of life. Final production parameters were also calculated 
as the total weight of chickens (kg), mortality (%), feed conversion ratio (FCR = feed 
consumption (kg))/(body weight gain (kg)), and European production efficiency factor 
(EPEF = (livability (%) × body weight (kg) × 100)/(age (days)× feed conversion ratio 
(kg)).

The footpad quality was visually defined five days before slaughter according 
to a modified scale proposed by Rushen et al. [2011]. The evaluation consisted of 
determining the degree to which lesions had advanced on a 0, 1, 2 scale (Tab. 1), based 
on the Instruction [2017] GIWpr.02010-7/2017, issued by the Polish Chief Veterinary 
Officer to the veterinarians of the Veterinary Sanitary Inspection for inspecting 
slaughterhouses, from the Act of Concerning Veterinary Inspection [2004]. 

The evaluation of the gait score (GS) was performed according to Butterworth 
[2009] and Kestin et al. [1992] - Table 2. The bird’s ability to walk was scored on a 
six- points scale on the thirty-ninth day of life. So that the result was objective, the 
assessment was carried out by at least two evaluators.

Competitive Exclusion culture and broiler chickens

 
Table 2. Evaluation of the gait score (GS) 
 

GS  Description 

0  No detectable abnormality, fluid locomotion, furled 
foot when raised 

1  Slight defect difficult to define 

2  Definite and identifiable defect, but it does not hinder 
the broiler’s movement 

3  An obvious gait defect that affects the broiler’s ability 
to maneuver, accelerate, and gain speed 

4  A severe gait defect, the broiler will walk only a couple 
of steps if driven, before sitting down 

5  Complete lameness, either cannot walk or cannot 
support weight on the legs 

 
 

Table 1. Scale of assessment of FPD (footpad dermatitis) lesions in 
chickens 

 
Score  Description 

0  No lesions 

1  Superficial lesions, colored lesions with a diameter not 
exceeding 0.5 cm 

2  Deep lesions with a scab and ulceration, colored lesions 
with a diameter of 0.5 cm or greater 
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Determination of blood parameters

Blood samples (3 × 1 mL) were collected from the jugular veins of 15 randomly 
chosen birds from each group at the following time points: 22 and 42 days of life. 
Blood was collected in two tubes coated with EDTAK3 (ethylenediaminetetraacetic 
acid tripotassium salt dehydrate), for hematological and flow cytometry analysis, and 
into one tube without additives for serum intended for biochemical and serological 
tests. Red blood cell (RBC, 106/µL) and white blood cell (WBC, 103/µL) counts were 
determined in a Neubauer hematological chamber, with Natt and Herrick solution 
used as a solvent. 

A chemistry analyzer (Miura One, I.S.E. S.r.l., Albuccione, Italy) was used for 
determining the following biochemical serum parameters: aspartate transaminase 
(AST, IU/L), alanine transaminase (ALT, IU/L), alkaline phosphatase (AP, IU/L), 
glucose (mg/dL), uric acid (mg/dL), total protein (g/L), albumin (g/L), globulin (g/L), 
bilirubin (mg/mL), cholesterol (mg/dL), triglycerides (TAG, mg/dL); and the ions, 
total calcium (Ca, mg/dL), phosphorus (P, mg/dL), potassium (K, mmol/L), and 
sodium (Na, mmol/L).

Commercially available ELISA tests (Fine Test, Wuhan, China) were used 
according to the manufacturer’s instructions to determine HP (haptoglobin), IgY 
(immunoglobulin Y), IgA (immunoglobulin A), IgM (immunoglobulin M), and LZM 
(lysozyme); while Elabscience tests (Elabscience, Wuhan, Hubei, China) were used 
to determine ORM1 (orosomucoid 1), CRP (C-reactive protein), IL-4 (interleukin 
4), IFG (interferon Gamma), IL-2 (interleukin-2), IL-6 (interleukin-6), sICAM-1/
CD54 (soluble intercellular adhesion molecule 1), IL-1β (interleukin-1-Beta), IL-8 
(interleukin-8), MCP-1 (monocyte chemotactic protein 1), FGA (fibrinogen Alpha), 
IL-10 (interleukin-10), and CP (ceruloplasmin).

Peripheral blood T and B lymphocytes and monocytes were isolated using low-
speed centrifugation, and a Histopaque®1077 (Sigma-Aldrich, St. Louis, MO, USA) 
was used for density gradient separation. Specific monoclonal antibodies, mouse 
anti-chicken CD3+ and CD4+ (fluorescein isothiocyanate, FITC staining), CD8+, 
Bu-1+, and monocyte/macrophage+ (phycoerythrin, PE staining) (Southern Biotech, 
Birmingham, AL, USA), were used. The fluorescence intensities of 100,000 cells 
were measured using a BD FACSAriaTM flow cytometer, and the results were analyzed 
using BD FlowJo® software (Ashland, OR, USA).

Ethical statement

All animal procedures were approved by the WULS Second Local Ethics 
Committee for animal experiments to ensure compliance with Polish and European 
regulations for animal welfare in relation to the use of live vertebrate animals in 
research and teaching (decision WAW2/174/2019 of 20.11.2019).

A. Żbikowski et al. 
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Statistical analysis

The results for the determination of chicken production parameters, footpad 
lesions, and gait score were processed using the PS IMAGO PRO 5.1. The obtained 
data were developed using T-Student test and significance was determined at p≤0.05. 
All data were subjected to the Shapiro-Wilk test to assess normality, and the Levene 
test was used to verify the equality of variances. If the assumptions for the Student’s 
T-test were not met, its non-parametric equivalent, the Mann-Whitney U test, was 
used.

The results for the determination of blood parameters were analyzed using the 
appropriate statistical tests (ANOVA, Tukey’s test), and GraphPad Prism 7 software 
(San Diego, CA, USA), and presented as the mean and standard error of the mean 
(SEM). Significant differences were accepted at p≤0.05 with a 95% confidence rate.

Results and discussion

The effect of CE product treatment on production parameters, footpad lesions, and gait score

None of the birds presented any necropsy lesions or clinical symptoms of any 
diseases. The basic growth performance parameters, such as body weight, average 
cumulative feed consumption, FCR, and EPEF, are shown in Table 3, while footpad 
dermatitis and gait score results appear in Table 4.

Competitive Exclusion culture and broiler chickens

 
Table 3. Production parameters of chickens treated with Broilact® (B) and the non-

treated control group (C) 
 

Parameter   Group  Mean  SEM 

Average body weight (g) 

day1  B  44.15   0.16 
 C  44.05   0.14 

day7  B  213.20   1.00 
 C  213.14   0.94 

day 14  B  553.30   2.41 
 C  557.46   2.53 

day 28  B  1909.74  8.17 
 C  1923.76  9.67 

day 35  B  2831.02  9.81 
 C  2817.85  11.78 

day 42  B  3664.90  16.84 
  C  3649.72  19.03 

Total weight of chickens (kg)  B  1449.70*  2.11 
 C  1382.84*  2.95 

Mortality (%)  B  0.96*  0.01 
 C  2.30*  0.01 

Feed converse ratio (FCR; kg)  B  1.58  0.02 
 C  1.60  0.02 

European Production Efficiency Factor 
(EPEF; points) 

 B  543.58  12.05 
 C  539.73  7.17 

 
*Statistically significant differences between groups, p≤0.05. 
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There were no statistically significant differences in body weight between the 
chickens from the Broilact® group (3664.90 kg) and the control group (3649.72 kg) on 
the forty-second day. The mortality rate percentage was lower in the Broilact® group 
(0.96 %) in comparison to the non-treated group (2.30 %) - Table 3.

There were statistically significant differences in the gait score results between 
chickens from the Broilact®-treated group where more birds showed no abnormal 
gait (Tab. 4).

The effect of CE product treatment on chicken hematology

The influence of Broilact® on the red blood cell (RBC) and white blood cell 
(WBC) counts in chickens is shown in Table 5. Significant changes were seen in the 
total WBC count, where the chickens from the Broilact®-treated group showed higher 
numbers on day 22, which continued until day 42.

A. Żbikowski et al. 

 
Table 4. Footpad dermatitis (FPD) and the gait score (GS) of chickens from 

the Broilact® and control groups 
 

Indicator 
 

Score 
 Group 

  B  C 
  % n  % n 

Footpad dermatitis 

 0  90.10 319  89.70 312 
 1  9.60 34  9.80 34 
 2  0.30 1  0.60 2 
 p-value  ≥0.05     

Gait score 

 0  93.80 332  88.20 307 
 1  5.60 20  9.80 34 
 2  0.60 2  1.70 6 
 3  0.00 0  0.30 1 
 4  0.00 0  0.00 0 
 5  0.00 0  0.00 0 
 p-value  ≥0.05     

 
 

 
Table 5. Average red blood cell (RBC) and white blood cell (WBC) counts 

in the blood of the experimental chickens treated with Broilact® (B) 
and the non-treated control group (C) 

 

Parameter 
 

Group 
 Age of chicken 

  22 days  42 days 
  mean SEM  mean SEM 

RBC  
(count x 106/µl) 

 B  1.85 0.14  2.48 0.14  C  2.13  2.68 
WBC  
(count x 103/µl) 

 B  30.42* 1.78  30.70 1.78  C  23.14*  26.84 
 
*Statistically significant differences between groups, p≤0.05. 

 The effect of CE product treatment on chicken lymphocyte and monocyte populations

A flow cytometry analysis was performed to evaluate each WBC population, 
since the total WBC count was a general parameter (Tab. 6). Among the populations 
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of leukocytes that were distinguished, on day 22 there was a significantly increased 
number of T (CD8+) leukocytes in the group treated with Broilact®.
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Table 6. Flow cytometry analysis of the percentage of T lymphocytes with 

CD3+, CD4+, CD8+, CD4+/8+ receptors; B lymphocytes (Bu-1+); 
and monocytes (Mq+) in the blood of the chickens treated with 
Broilact® (B) and the control group (C) 

 

Parameter 
 

Group 
 Age of chicken 

  22 days  42 days 
  mean SEM  mean SEM 

B lymphocyte 
(Bu-1+) 

 B  9.43 0.63  6.91 0.58  C  8.14  7.12 
T lymphocyte 

(CD3+) 
 B  7.41 1.00  6.91 0.93  C  7.51  7.12 

T lymphocyte 
(CD4+) 

 B  6.00 1.21  14.08 1.13  C  7.25  12.81 
T lymphocyte 

(CD8+) 
 B  10.54* 0.79  4.20 0.73  C  8.70*  4.53 

T lymphocyte 
(CD4+/8+) 

 B  3.08 0.50  1.01 0.47  C  2.51  0.77 

Monocytes (Mq+)  B  1.33 0.18  1.58 0.16  C  1.15  1.40 
 
*Statistically significant differences between groups, p≤0.05. 
 

 The effect of CE product on chicken biochemical parameters

The influence of Broilact® on the chickens’ biochemical blood parameters during 
the experiment was evaluated, and some differences among the groups were noticed 
(Tab. 7). A comparison of biochemical parameters in the serum showed significantly 
lower concentration of AP on day 22 in the Broilact®-treated group, with an upward 
trend on day 42. On day 22, this group also tended to have a lower ALT concentration 
and showed significantly higher concentration of total protein associated with 
significantly higher concentration of albumin and globulin. On the same day, they 
demonstrated significantly lower concentration of triglyceride (TAG), and had 
a tendency to higher concentration of cholesterol in their serum. Additionally, the 
chickens from the Broilact®-treated group also showed significantly lower serum Ca 
concentration with a trend towards higher P concentration on day 22 of the study. 
On day 42, the birds from this group showed significantly higher serum K+ and Na+ 
concentrations.

The effect of CE product on the serum concentrations of lysozyme, acute phase proteins,  
and immunoglobulins

To evaluate the influence of the Broilact® treatment on immune system function, the 
levels of lysozyme, acute phase proteins and cytokines (Tab. 8), and immunoglobulins 
(Tab. 9) were measured in the chicken sera. When comparing the expression of immune-
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Table 7. The concentrations of serum biochemical parameters in chickens treated with Broilact® 
(B) and the control group (C) 

 

Parameter 
 

Group 
 Age of chickens 

  22 days  42 days 
  mean SEM  mean SEM 

AST  
(IU/L) 

 B  176.00 21.63  393.00 21.63  C  217.30  369.80 
ALT  
(IU/L) 

 B  5.90 0.96  5.87 0.96  C  7.89  4.97 
AP  
(IU/L) 

 B  1685.00* 387.10  2439.00 387.10  C  3440.00*  1630.00 

Total Protein (g/L)  B  31.83* 1.39  26.99 1.39  C  27.52*  27.83 
Albumin  
(g/L) 

 B  15.90* 0.57  14.87 0.57  C  14.48*  13.96 
Globulin  
(g/L) 

 B  15.93* 0.96  12.13 0.96  C  13.04*  13.87 

A:G ratio   B  1.01 0.09  1.29* 0.09  C  1.13  1.02* 
Glucose  
(mg/dL) 

 B  231.00 7.30  225.1.0 7.30  C  228.50  226.50 

Uric Acid (mg/dL)  B  4.08 0.50  2.21 0.50  C  3.67  2.67 

Bilirubin (mg/dL)  B  0.51 0.16  0.26 0.16  C  0.65  0.22 

Cholesterol (mg/dL)  B  145.90 5.00  112.90 5.00  C  135.30  107.70 

Triglycerides (mg/dL)  B  131.50* 8.98  80.98 8.98  C  160.20*  79.95 
Ca  
(mg/dL) 

 B  8.70* 0.23  8.55 0.23  C  9.29*  8.85 
P  
(mg/dL) 

 B  4.40 0.36  3.18 0.36  C  3.65  3.27 

Ca:P Ratio  B  2.00* 0.28  2.71 0.28  C  2.89*  2.84 
K  
(mmol/L) 

 B  5.60 0.25  6.27* 0.25  C  5.30  5.48* 
Na  
(mmol/L) 

 B  148.30 2.28  144.80* 2.28  C  144.80   138.90 
 
*Statistically significant differences between groups, p≤0.05. 
 

related proteins and cytokines, statistical analysis revealed no significant differences. 
Only the IL-10 level, on day 42, was significantly lower in the chickens treated with 
Broilact® compared to the control group. The levels of IgY, IgM, and IgA did not 
differ among the groups on day 22 or 42. 
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Table 8. Levels of lysozyme, selected acute phase proteins, and cytokines in the blood of chickens 
treated with Broilact® (B) and the control group (C) 

 

Parameter 
 

Group 
 Age of chickens 

  22 days  42 days 
  mean SEM  mean SEM 

Lysozyme (LZM, pg/ml)  B  8118.00 45.53  8095.00 45.53  C  8112.00   8118.00 

Ceruloplasmin (CP, ng/ml)  B  1611.00 20.99  1633.00 20.99  C  1603.00   1596.00 

C-reactive protein (CRP, pg/ml)  B  962.60 27.44  801.50 27.44  C  994.10   806.8 

Fibrinogen (FGA, ng/ml)  B  21294.00 1003  21713.00 1003.00  C  21381.00   20232.00 

Interferon gamma (IFG, pg/ml)  B  183.80 11.57  181.00 11.57  C  205.20   185.10 

Haptoglobin (HP, ng/ml)  B  55.10 36.24  198.90 36.24  C  62.04   166.70 

Interleukin-1β (IL-1B, pg/ml)  B  80.79 19.59  116.50 19.59  C  93.82   136.40 

Interleukin-2 (IL-2, pg/ml)  B  575.20 74.51  557.00 74.51  C  674.20   634.70 

Interleukin-4 (IL-4, pg/ml)  B  353.60 14.04  348.90 14.04  C  350.60   356.60 

Interleukin-6 (IL-6, pg/ml)  B  498.40 87.97  490.50 87.97  C  473.70   513.20 

Interleukin-8 (IL-8, pg/ml)  B  134.50 22.36  108.10 22.36  C  133.50   138.50 

Interleukin-10 (IL-10, pg/ml)  B  244.50 65.69  195.50* 65.69  C  361.20   375.00* 
Monocyte chemotactic protein 1  
(MCP-1, pg/ml) 

 B  43.22 16.75  88.45 16.75  C  43.69   63.88 
Soluble intercellular adhesion 
molecule 1 (sICAM-1/CD54, ng/ml) 

 B  630.80 301.00  1173.00 301.00  C  577.40   842.70 

Orosomucoid 1 (ORM1, ng/ml)  B  23.91 27.70  37.28 27.70  C  11.26   57.23 
 
*Statistically significant differences between groups, p≤0.05 
 

Table 9. Serum immunoglobulin (Ig) levels in chickens treated with Broilact® (B) and 
the control group (C) 

 

Parameter (ng/ml) 
 

Group 
 Age of chickens 

  22 days  42 days 
  mean SEM  mean SEM 

IgY  B  39.68 4.79  39.78 4.79  C  37.05  40.76 

IgA  B  71.42 4.05  52.66 4.05  C  72.18  54.21 

IgM  B  80.94 6.34  50.19 6.39  C  78.21  52.65 
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The effect of CE product treatment on production parameters, gait score, and footpad lesions

The use of multi-strain products to create positive gut microbiota in chicks seems 
to be beneficial. This may be the effect of the synergistic action of all the strains present 
in these products. This synergy can positively improve nutrient utilization, increase 
the secretion of positive metabolites, synthesize enzymes, and enhance antagonism 
against pathogens in broilers’ guts [Chapman et al. 2011].

Production parameters are often used to evaluate the influence of competitive 
exclusion products with an undefined culture applicated on the day of hatching on 
the health of chickens. Previous experimental models have shown that these products 
improve bird performance as higher body weight and feed consumption, and reduced/
lower feed conversion and mortality [Abu-Ruwaida et al.1995; Bilal et al. 2000; 
Kaldhusdal et al. 2001]. This is in line with our results, where the final total weight 
of chickens treated with Broilact® was higher and mortality was lower (0.96%) in 
comparison to the control group (2.3%) (Tab. 3). The higher final total weight of 
the chickens in the Broilact® group could be explained by lower mortality and, as 
a result, a higher number of birds on the day of slaughter, which is beneficial for 
farmers. We additionally observed a tendency for the EPEF value in the Broilact® 
group to be higher (543.58) compared to the control group (539.73). The EPEF’s 
higher values and lower feed conversion indicated that the body weight gain in the 
birds was uniform, and the flock was in good health [Bhamare et al. 2016]. 

The gait score system is an estimation of locomotion deficiency, and is based on 
a visual judgment of a broiler chicken’s ability to walk on a known surface. It was 
developed by Kestin et al. [1992] to assess lameness in broilers, and the methodology 
consists of empirical, repetitive visual observations of how birds walk on a surface. 
In our experiment, the gait score results were better in chickens from the Broilact® 
treated group in comparison to the control group, where more birds had symptoms of 
lameness. Similar results were described in a work by Bendowski et al. [2022], where 
milk thistle administered to the chickens in drinking water in the amount of 0.36 g/
day/animal, significantly reduced the number of feet scoring 1 or 2, i.e., where feet 
with lesions in the footpad were visually observed. Broilers with lameness problems 
cannot walk easily, and, as a result, cannot reach the feeder or the drinker, which could 
also partly explain the final total higher weight of the chickens in the Broilact® group. 
Additionally, this leg disorder reduces the chickens’ quality of life, and, furthermore, 
movement problems may be painful for the birds, decrease the broiler’s activity, and 
increase various health problems, which, in turn, increase the mortality rate in the 
flock [Aydin 2018].

The effect of CE product treatment on chicken hematology

The effect of using various symbiotic formulas or probiotics to affect chicken 
immunity has also been evaluated by other authors [Alimohamadi et al. 2014, Alkhalf 
et al. 2010, Beski and Al-Sardary 2015] using various hematological tests. In our 
experiment, we used a CE product, which is a mixture of different microorganisms 
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isolated from healthy birds, yet there is still no publication referring to the use of 
such a formula to affect hematological parameters in chicken broilers. We expected 
that probiotic bacteria and NGF (normal gut flora) could stimulate the local immune 
system in the gut, and that their systemic effects could be observable also in the blood. 
However, different immunomodulatory effects may be induced; thus, identical effects 
cannot be expected when different probiotic bacterial strains or NGFs are used [Ashraf 
et al. 2014], which complicate the matter of determining reference parameters. The 
significant differences between the Broilact®-treated group and the control group for 
the average WBC count present on day 22 may be due to the fact that the bacteria 
present in Broilact® could have stimulated the intestinal immune system of the chicks 
and, as a result, led to transient leukocytosis.

There is a lack of specific publications on the hematological changes in blood 
after the use of CE products. However, such an increment change in the WBC count 
in birds receiving mono- or multi-strain probiotics was observed by other authors 
[Deraz 2018; Paryad and Mahmoudi 2008]. Thus, a similar effect was also observed 
by Hanamanta et al. [2009] after prebiotic, probiotic, and G-probiotic SPL were 
used in broiler chickens. The supplementation with probiotics positively influenced 
hematopoiesis, which, among others, increased the WBC counts. As shown in the 
literature, supplementation with beneficial microorganisms can both enhance immune 
cell synthesis and stimulate them, which further protects the host against pathogens 
[Gaggìa et al. 2010; Yeşilyurt et al. 2021].

The effect of CE product treatment on chicken lymphocyte and monocyte populations

The significant difference observed in the CD8+ cytotoxic lymphocytes T 
population between the groups may speak in favor of the theory concerning their 
additional stimulation. The evaluation of the WBC population by flow cytometry 
showed that the birds that received the Broilact® product, on day 22, presented a 
significantly higher CD8+ cell count; these are the T cytotoxic lymphocytes that 
can be activated by the invasion of pathogens and are responsible for generating an 
effective immune response against them so the permanent and stable amount of CD8+ 
is necessary [Wong and Pamer 2003]. This mechanism associated with supplemented 
microbiota was also postulated by others [Deraz 2018, Gaggìa et al. 2010]. This may 
indicate that Broilact® is beneficial for immune system development and leads to faster 
presence at the proper level of immune defense, however, the mechanism behind this 
stimulation is, for now, not so clear.

The effect of CE product treatment on lysozyme, acute phase proteins, cytokines, and 
immunoglobulins

The analysis of lysozyme, acute phase proteins, cytokines (except IL-10), and 
immunoglobulins did not show any differences between groups. This indicates that 
the immune system was not negatively affected by the CE supplementation. The 
only significant difference we noticed was in the anti-inflammatory cytokine, IL-10 
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concentration which was lower in the supplemented birds on day 42. This interleukin 
is a multi-action molecule with a range of reported anti-inflammatory and regulatory 
functions. The effect of action depends on context, including, but not limited to, 
timing, tissue, and target cell [Rothwell et al. 2004]. In cases of infection with 
viruses, bacteria, fungi, protozoa, or helminths, this cytokine is released and acts as 
an anti-inflammatory cytokine that controls the nature and extent of the inflammatory 
responses [Couper et al. 2008]. When released before a burst of pro-inflammatory 
activity at the beginning of inflammation, it diminishes the ability of the animal 
to develop adaptive immune responses [Sabat et al. 2010]. This cytokine plays a 
particularly central role in intestinal immunity and homeostasis [Manzanillo et al. 
2015]. The lower levels of IL-10 in the serum of the Broilact®- treated chickens on day 
42 of our experiment may be the effect of a lower stimulation of the immune system 
by gut microflora what could be a sign of positive effect of better protection by the 
Broilact®. This effect was to be more expected in our experiment, since data presented 
by Wu et al. [2016] indicated that an anti-inflammatory IL-10 response that is too 
strong may be immunosuppressive in chickens, as it is in mammals, so birds with high 
concentration of it may also become susceptible to other pathogens as well, including 
Campylobacter spp. and Clostridium spp. that can, potentially, also be transmitted to 
humans (e.g. Salmonella spp.). 

Lower concentration of IL-10 may have another positive aspect. In the literature, 
it was shown that vaccine efficiency in animals was correlated with IL-10 production, 
and the anti-IL10 treatment increased the nature, magnitude, and efficacy of the 
vaccine responses in mammals due to vaccination [Darrah et al. 2010; Pitt et al. 
2012]. As demonstrated by Wu et al. [2016], IL-10 has similar functions in birds as 
it does in mammals. On the basis of our results, we can suggest that CE products not 
only protect and help to reduce the burden of diseases, but also ensure that chickens 
are better prepared for vaccination by enhancing the development of a better immune 
response to vaccine stimuli.

The effect of CE product treatment on chicken biochemical parameters

All the biochemical parameters measured in our experiment appeared within the 
physiological range for poultry [Café et al. 2012], and did not differ significantly 
between groups, except for the alkaline phosphatase (AP) level. AP is an enzyme 
derived from various parts of the body, including the bile duct, epithelial cells, 
intestinal mucosa, bones, red blood cells, and kidneys. AP is found in many isoforms, 
depending on its origin within the body; but predominantly it is expressed and plays 
an integral role in metabolism within the liver and digestive tract, and in development 
within the skeleton. AP activity can be high in young birds during growth but decreases 
with age, although its activity is also high when birds suffer from osteoporosis [Sanger 
et al. 1966]. We can find many reports in the literature concluding that a biochemical 
marker such as AP can be used as a general indicator of skeletal development in 
vertebrates [Gade et al. 2011]. We observed significantly lower AP concentration at 
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day 22 in the Broilact®-treated group. This concurrently correlates with lower total 
Ca2+ concentration in birds from that group. Most of the total body calcium (98 to 
99%) is located in the bones. When calcium blood concentration decreases, calcium 
is mobilized from the bones to maintain Ca2+ physiological blood level [Scott et al. 
1982]. Moreover, we described less evidence for leg disorders, and in combination 
with lower levels of Ca2+ in the serum, Ca+ had probably already been incorporated 
into the bones: so, we may suspect that supplementation with Broilact® may help to 
maintain better bone development.

Low AP concentration also correlated with lower levels of TAG in the Broilact® 
group. This may be an effect of decreasing lipogenesis in the liver. Similar results 
were observed by Alimohamadi et al. [2014] in chickens fed diets supplemented with 
black seed (Nigella sativa), cumin seed (Cuminum cyminum), probiotics, or prebiotic.

Interestingly, on day 22, we noticed significantly higher levels of total protein, 
which can be attributed to higher albumin and globulin values in the birds treated with 
Broilact®. High values usually reflect a high protein metabolism rate, but it was not 
correlated with greater body weight in the chickens from that group at that time point. 
The significantly higher A:G ratio at day 42 in the Broilact® group, combined with 
lower absolute values for globulins, may indicate weaker immune system stimulation 
from the digestive tract in these birds, since the microorganisms in Broilact® may 
probably in some way prevent pathogens from penetrating deeper. As it was shown 
CE products accelerate the maturation of caecal microbiota [Meijerink et al. 2020]. 
This could be related to the lower mortality in the group treated with Broilact®.

The sodium, potassium, calcium, and phosphorus present in blood and cellular 
fluids in the form of electrolytes, affect the osmotic pressure and acid-base balance 
in the body. Further evaluation of ions in the serum showed that the values for 
chickens varied depending on the bird’s age. The possible causes of the fluctuations 
in Ca2+ concentration were discussed above. Aside from Ca2+, significantly higher 
concentrations of K+ and Na+ were also observed in the Broilact® group in comparison 
to the control group, at day 42. The increase in Na+ concentration is in line with the 
findings of Aluwong et al. [2013] and Silva et al. [2007]. In the same experiment, 
Aluwong et al. [2013], observed a decrement in K+ concentration, which was opposite 
to our results. This could be due to the fact that they used only yeast supplementation, 
while we had a mixture of microorganisms that can act in a synergistic way and may 
improve the absorption of minerals; however, the exact mechanism of interaction 
needs to be investigated. Concluding: both serum Na+ and K+ concentrations were 
within the normal range, indicating that treatment of broiler chickens with Broilact® 
did not alter the ratio of electrolytes in the blood.

Conclusions

Our results indicate that Broilact® has a beneficial influence on production 
parameters. Treatment with one dose of the Broilact® product on day one of a chicks’ 
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life improves their performance, leg health and some serum enzyme activity, and 
maintains electrolyte homeostasis and affects leukocyte counts by increasing the 
CD8+ subpopulation.
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