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Abstract
Background and Aim: The positive effects of Lactobacillus farciminis and Lactobacillus rhamnosus on growth and feed 
consumption indicators have been described; however, the underlying mechanisms remain unclear. This study aimed to 
determine whether the addition of L. farciminis CNCM-I-3699 (2.1010 GU/g) and L. rhamnosus CNCM-I-3698 (2.1010 GU/g) 
to the feed of Ross 308 specific-pathogen-free (SPF) broiler chickens (at a dose of 4 g/10 kg feed) affects live weight gain, 
the feed conversion ratio (FCR), and duodenal development in SPF broiler chickens.

Materials and Methods: In total, 780 SPF broiler chicks were randomly divided into two groups (three replicates per 
group) immediately after hatching: The control group (n = 390) and the probiotic group (n =  390). Live body weight 
(g) and FCR were measured on days 1, 7, 14, 21, 28, and 35 of the study. Histological examinations (hematoxylin and 
eosin staining) of the duodenum were performed, and the villus height (VH), villus width, crypt depth (CD), muscle layer 
thickness, and VH: CD ratio were measured. In addition, immunohistochemical examinations were performed to determine 
the number of proliferating cell nuclear antigen (PCNA)-positive cells.

Results: Feeding a probiotic mixture containing L. farciminis and L. rhamnosus to SPF broiler chickens for 35  days 
increased the duodenal absorption area and muscle layer thickness. In addition, it accelerated the histological development 
of the duodenum, as evidenced by the significantly higher number of PCNA-positive cells within the crypts. Although SPF 
broiler chickens in the ProL group exhibited greater live weight gain and lower FCR throughout the study, these differences 
were not statistically significant.

Conclusion: These results suggest that L. farciminis and L. rhamnosus can serve as additives to SPF broiler chicken feed 
to promote growth and development.

Keywords: duodenum, proliferating cell nuclear antigen, poultry, Ross 308.

Introduction

The quantitative and qualitative composition 
of the intestinal microbiota in broiler chickens can 
be altered by stressors in industrial poultry farm-
ing. A  study by Patterson and Burkholder [1] has 
shown that stress can decrease the abundance of 
Lactobacillus, disrupt the microbiota, and adversely 
affect the health and productivity of birds. Since 2006, 
the use of antibiotics to combat these issues has been 
prohibited in the European Union [2], necessitating 
the search for safe alternatives that benefit both ani-
mal and human health. One potential strategy to mit-
igate the harmful effects of stress involves regularly 
restoring Lactobacillus levels through the use of feed 
additives.

Centuries of human experience and intuitive 
conclusions regarding the beneficial effects of fer-
mented foods containing lactic acid bacteria on diges-
tive health have been validated by in-depth research. 
Similarly, previous studies [1, 3] have examined feed 
additives containing Lactobacillus in domestic ani-
mals. These bacteria are widely distributed in the 
environment and constitute a physiologically normal 
part of the gastrointestinal microbiota in humans and 
animals, including birds [1, 3]. Research indicates that 
various strains of the genus Lactobacillus typically 
benefit the host’s immune system, demonstrating high 
antimicrobial activity against various pathogens, nota-
ble adhesion capacity, and resistance to gastric acidity 
and bile [4, 5]. These characteristics enable a person 
to overcome the body’s natural protective barriers and 
survive transit through the digestive tract [6]. Studies 
involving the feeding of Lactobacillus rhamnosus 
have shown that this probiotic can release antimicro-
bial substances [7]. It also reduces the transport and 
toxicity of aflatoxin B1, a toxin harmful to birds [8]. 
L. rhamnosus is recommended to alleviate gastroin-
testinal disorders, including diarrhea associated with 
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infection, stress, and antibiotic therapy [9]. In addi-
tion, L. rhamnosus CF (Chen Fu) has been shown 
to improve several production indicators, such as 
chicken growth performance, meat quality, and 
ammonia emission, which are key factors in reducing 
greenhouse gas emissions [6]. Therefore, L. rhamno-
sus is considered an effective and safe probiotic strain 
for poultry [10]. Several studies have revealed the 
positive effects of Lactobacillus farciminis on intes-
tinal health and stress resistance [11], overall health 
status, and live weight gain [12, 13] in animals. It 
has also been found to mitigate ammonia emissions 
[6]. Although L. farciminis was registered as a feed 
additive in 2012 [14], as of 2023, expert recommen-
dations stress the need for further research to assess its 
suitability as a probiotic when fed to broiler chickens 
[13]. Combining two lactobacilli often enhances the 
observed probiotic effects. In a study where broiler 
chicks were fed a combination of L. rhamnosus and 
L. farciminis at different doses, the researchers noted 
a significant improvement in feed digestibility, char-
acterized by a significant decrease in feed intake and 
feed conversion ratio (FCR), accompanied by an 
increase in live weight, compared with the unsupple-
mented groups. However, the underlying reasons for 
these effects remain unclear [15].

This study aimed to determine whether the simultane-
ous addition of L. farciminis CNCM-I-3699 (2.1010 GU/g) 
and L. rhamnosus CNCM-I-3698 (2.1010 GU/g) to SPF 
broiler chicken feed enhances the known effects of these 
probiotics. Specifically, we investigated the effects of 
these factors on growth performance and histological 
indicators of duodenal development in specific-patho-
gen-free (SPF) broiler chickens.
Materials and Methods
Ethical approval

The chickens were housed, fed, and slaugh-
tered by cervical dislocation method in compliance 
with the Republic of Latvia Cabinet Regulation 
No. 98, adopted on February 2, 2010, titled “Welfare 
Requirements for Keeping and Use of Chicken for 
Meat Production” [16]. In addition, the procedures 
followed the guidelines outlined in the Ross 308 
manual [17]. The research methodology, sample col-
lection, and investigation methods were thoroughly 
reviewed and approved by the Research Committee 
of the Faculty of Veterinary Medicine, Latvia 
University of Life Sciences and Technologies (proto-
col No. 2021/1).
Study period and location

The study was conducted from April to 
December 2021 at Clinical Research Center, Faculty 
of Veterinary Medicine, Latvia University of Life 
Sciences and Technologies, Jelgava, Latvia.
 Experimental design and animal management

In total, 780 unsexed Ross 308 SPF broiler 
chicks were obtained from a commercial hatchery 

within 2 h of hatching. Rapid acquisition of the chicks 
and minimization of their exposure to the environ-
ment were crucial for reducing the risk of infection by 
specific pathogens. To ensure this, strict biosecurity 
measures were implemented from the outset of the 
study, including restricted access to the premises; dis-
infection barriers; use of disposable clothing, gloves, 
and shoes; and twice-daily visits by personnel during 
feeding. Throughout the study, SPF broiler chickens 
were not vaccinated.

Upon arrival at the Clinical Research Center, 
the acclimatization period was 24 h; afterward the 
SPF broiler chickens were weighed and randomly 
divided into two groups: The control group (Con, n = 
390 (three replicates of 130) and the probiotic group 
(ProL, n = 390 (three replicates of 130). At the start of 
the study, the mean weight of the SPF broiler chick-
ens did not differ significantly between the two groups 
(Con, 44.64 ± 1.92 g; ProL, 45.40 ± 2.03 g; p ˃ 0.05). 
SPF broiler chickens from each group were housed in 
two identical 9-m3 rooms (bio-chambers), which pro-
vided microclimate control (including regulation of 
temperature, air and litter humidity, incoming and out-
going air temperature and composition, and light/dark 
mode) and video surveillance. Each bio-chamber was 
equipped with a stationary automatic watering sys-
tem and movable feeding tables, which were adjusted 
according to the age of the chicks before placement. 
The floor was covered with cleaned coniferous wood 
shavings with a moisture content of 13%.

The SPF broiler chickens were raised until 
35 days of age. The lighting and temperature regimens 
were established based on prior research and the Ross 
308 breeder guidelines [17, 18]. During the 1st week in 
both groups of chicks, the ambient temperature in the 
chambers was maintained at 33°C ± 0.6°C, gradually 
decreasing as the birds grew and reaching 22°C by the 
end of the study. On the 1st day of the study, the light/
dark regimen was set to 23 h of light and 1 h of dark-
ness (23 h/1 h). From day 2, the duration of darkness 
was gradually extended, reaching 18 h of light and 6 h 
of darkness (18 h/6 h) by day 7; this pattern was main-
tained until day 26. From days 27 to 35 of the study, 
the dark regimen was gradually reduced again to 20 h 
of light and 4 h of darkness (20 h/4 h).
Diet and supplementation of Lactobacillus spp.

Both study groups were provided with an identi-
cal amount of food on the feeding tables twice daily. 
The poultry-based diet for both groups was formu-
lated specifically for feeding Ross 308 broiler chick-
ens from 1 to 35 days of age and consisted of three 
phases: Starter (from day 0 to 10, 2975 kcal metab-
olizable energy [ME]), Grower (from day 11 to 24, 
3075 kcal ME), and Finisher (from day 25 to the end 
of the study [day 35], 3195 kcal ME). The primary 
protein sources in the feed were wheat grains, soy-
beans, and canola. The chemical composition of the 
feed is detailed in Table-1 [19, 20].
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14, 21, 28, and 35) using calibrated “Soehnl” scales 
with an accuracy of ±1  g (Soehnl, Germany). The 
FCR for each group was calculated using the formulas 
described by Chen et al. [6]. Data recording and cal-
culations were conducted for consecutive study peri-
ods: Days 1–7, 8–14, 15–21, 22–28, and 29–35.
Lactobacillus spp. quantity control in duodenal 
contents

Despite adhering to the manufacturer’s recom-
mendations regarding the storage and feeding of feed 
supplements containing two species of Lactobacillus 
to SPF broiler chickens, we aimed to confirm that the 
Lactobacillus spp. counts in the digestive tract of birds 
in the ProL group were higher than those in the Con 
group. At the end of the study (day 35), after collecting 
histological and bacteriological samples, a total sam-
ple (50 mL) of the duodenal contents from each group 
was obtained and subsequently frozen at −22°C.

The samples were analyzed at the Latvia 
University of Life Sciences and Technologies (LBTU) 
Research Laboratory of Biotechnology Division of 
Molecular Biology and Microbiology. According to 
the information provided by the laboratory, the isola-
tion and quantification of Lactobacillus spp. were per-
formed using Man-Rogosa-Sharpe (MRS) agar with 
polysorbate 80 (MRS agar with Tween® 80, Biolife, 
Italy). From the total sample of the initial duodenal 
contents, 1 mL of suspension and its decimal dilutions 
were transferred into parallel sterile Petri dishes. Next, 
10 mL of 45°C–47°C MRS agar was poured into the 
dishes and allowed to solidify. To maintain microaero-
philic conditions, the plates were then overlaid with 
an additional 10 mL–15 mL of MRS agar and incu-
bated at 36°C ± 1°C for 72 ± 2 h.

After incubation, dilution plates on which the 
number of Lactobacillus spp. colonies did not exceed 
300 colony-forming units (CFU) were selected and 
counted. For control purposes, characteristic colonies 
were confirmed using the Gram staining method and the 
catalase test because Lactobacillus spp. typically pres-
ent as Gram-positive cocci or rods with a negative cat-
alase test reaction [21]. The number of Lactobacillus 
spp. bacteria in 1 g of the test sample was expressed 
as log10 CFU/g in accordance with the Latvian 
National Standard, European Standard, International 
Organization for Standardization 8199:2019 (LVS EN 
ISO 8199:2019) standard. Because this analysis was 
informative in nature, an in-depth identification of 
Lactobacilli species was not performed.
Duodenal sample collection and examination

To obtain samples for duodenal microscopic 
examination, we randomly selected and euthanized 
(SPF broiler chickens were stunned using the cer-
vical dislocation method and bled) 10 chicks from 
each group on days 1, 7, 14, 21, 28, and 35. Thus, 
in each repetition, samples were collected from 120 
birds (Con, n = 60; ProL, n = 60) for histological 
examination.

Table-1: Analytical composition of the basal diet at each 
feeding stage.

Components Starter 
diet

Grower 
diet

Finisher 
diet

Metabolizable energy (kcal) 2975 3075 3195
Protein (%) 22.50 21.50 19.50
Fiber (%) 2.40 2.86 2.83
Fat (%) 4.24 5.20 7.22
Ash (%) 4.32 4.73 3.68
Carbohydrates (%) 46.06 46.71 45.53
Water (%) 12.82 11.08 10.98
Other ingredients (%) 5.46 6.12 8.27
Essential amino acids (%)

Lysine 1.36 1.20 1.14
Methionine 0.84 0.60 0.85

Minerals (%)
Ca 0.96 1.00 0.78
Na 0.35 0.16 0.19
P 0.50 0.50 0.50

Vitamins
A (U/kg) 16,900 14,300 13,000
D3 (U/kg) 6,500 5,500 5,000
E (mg/kg) 104,0 88.0 80.0

Micronutrients (mg/kg)
FeSO4 22.1 18.7 17.0
Ca (IO3)2 1.63 1.38 1.25
CuSO4 20.8 17.6 16.0
MnO₂ 156.0 132.0 120.0
ZnO 117.0 99.0 90.0
Na2SeO3 0.39 0.33 0.30

Ca=Calcium, Na=Sodium, P=Phosphorus, FeSO4=Iron 
(II) sulfate, Ca (IO3)2=Calcium iodate, CuSO4=Copper 
(II) sulfate, MnO=Manganese dioxide, ZnO=Zinc oxide, 
Na2SeO3=Sodium selenite

For the ProL group, a mixture of lactic acid bacte-
ria (STI Biotechnologies, France, batch no. 92024406) 
was added to the feed at an estimated dose of 4 g/10 kg. 
This mixture contained a heat-inactivated co-culture of 
the probiotic strains L. farciminis CNCM-I-3699 (2.1010 
GU/g) and L. rhamnosus CNCM-I-3698 (2.1010 GU/g), 
supplemented with functional metabolites and bioactive 
peptides necessary for maintaining bacterial viability. 
According to the manufacturers, these lactobacilli were 
sourced from the environment of fermented milk and 
following heat treatment, retained their cell wall struc-
ture. For product stability, the bacteria were preserved 
on a cereal-based carrier. Upon delivery, the product 
was stored in a cool, dry, well-ventilated environment 
in accordance with the manufacturer’s guidelines for a 
maximum of 18 months from the date of manufacture.

To confirm that SPF broiler chickens in the ProL 
group received viable probiotic lactic acid bacteria 
in their digestive tract, we quantified the number of 
lactobacilli in the duodenal contents of 15 randomly 
selected SPF broiler chickens from both the Con and 
ProL groups. These analyses were conducted at the 
Department of Molecular Biology and Microbiology, 
Biotechnology Scientific Laboratory, Latvia University 
of Life Sciences and Technologies [19, 20].
Growth performance measurements

The live weight of each bird was measured at the 
start of the study and then weekly (on study days 7, 



Veterinary World, EISSN: 2231-0916� 2520

Available at www.veterinaryworld.org/Vol.17/November-2024/11.pdf

Tissue samples were collected from the middle 
of the duodenal flexure. Histological examinations 
were conducted in the duodenal segment nearer to the 
muscular stomach. However, accurately defining the 
exact distance from the muscular stomach was chal-
lenging because this distance increased with increas-
ing chick growth.

The obtained samples were fixed in a 10% 
buffered neutral formalin solution. The fixed tis-
sue samples were then cut and placed in tissue 
cassettes. Subsequent sample preparation for histo-
logical examination was conducted in the Laboratory 
of Comparative Pathology at the Pre-clinical Institute 
of the Faculty of Veterinary Medicine, LBTU. The 
samples were dehydrated by removing water and for-
malin in a series of increasing alcohol concentrations 
using a LEICA ASP200S tissue processor (Leica, 
Germany). Following dehydration, xylene was used to 
remove the alcohol from the tissues. Processed tissues 
were embedded in paraffin blocks using the Tissue 
Embedding System TES 99 (Medite, Germany).
Sample preparation and histological examination

In the Laboratory of Comparative Pathology, 
paraffin-embedded samples were sectioned into 
4-μm-thick slices using a microtome and mounted on 
slides (Deltalab, Spain) for hematoxylin and eosin stain-
ing. The sections were fixed for 16 h in a thermostat 
at 37°C, followed by deparaffinization with xylene and 
rehydration through a graded series of alcohols. The 
samples were then stained using the standard hematoxy-
lin–eosin method described by Carson [22]: Application 
of Mayer’s hematoxylin (Bio-Optica, Italy) for 2 min, 
a rinse in running water for 5 min, application of Eosin 
G Y solution 0.5%, alcoholic (Diapath, Italy) for 3 min, 
and a final rinse in running water for 3 min.

For histological examination of the duodenum, 
we selected 10 visible and parallel-oriented crypt/villi 
units from each cross-section of the intestine. The villi 
were selected based on the presence of a clearly visible 
lamina propria. Villus height (VH) was measured from 
the tip of the villi to the villus/crypt junction, and crypt 
depth (CD) was determined as the depth of intussuscep-
tion between adjacent villi. For each intestinal sample, 
10 villi were performed in 5 fields of view. The exam-
ination was performed using a Leica DM2500 light 
microscope, and all images were captured using a Leica 
DFC450 digital camera (Leica, Germany).
Preparation and examination of immunohistochem-
ical samples

Proliferating cell nuclear antigen (PCNA) 
immunohistochemical staining was performed at 
the Creative Bioarray Laboratory (USA) on forma-
lin-fixed, paraffin-embedded duodenal tissue sam-
ples. The laboratory provided the following staining 
protocol:
•	 Slide preparation: Formalin-fixed, 

paraffin-embedded slides were prepared at a 
thickness of 4 µm.

•	 Antigen retrieval: The specimens were immersed 
in citrate buffer (10 mM citrate buffer, 0.05% 
Tween 20, pH  6.0), microwaved for 3  min, and 
then steamed at 95°C for 15 min.

•	 Protein blocking: Normal goat serum block for 
15 min.

•	 Primary antibody incubation: 4°C overnight.
•	 Endogenous peroxidase blocking: 1% hydrogen 

peroxide (H2O2) in phosphate-buffered saline for 
15 min.

•	 Secondary antibody incubation: VisUCyte horse-
radish peroxidase goat antimouse polymer (Bio-
Techne, USA) was incubated for 60 min at room 
temperature.

•	 3,3’-Diaminobenzidine (DAB) staining: 25 µL 
stock DAB was mixed with 1 mL of DAB buffer 
plus H2O2 for 1 min.

•	 Counterstaining: Mayer’s hematoxylin solution 
for 60 s.
The experimental samples were chicken duo-

denum: Immunohistochemistry (IHC) 2175, mouse 
monoclonal (PC10) to PCNA (Cat. # Fab29; Abcam, 
UK), diluted 1:20,000. The Con samples were human 
tonsil: Mouse monoclonal (PC10) to PCNA (Cat. # 
ab29; Abcam), with positive and negative controls.

The samples stained with the PCNA immunohis-
tochemical method were examined using an Axiolab 
5 light microscope (Zeiss, Germany) equipped with 
Labscope Version 3.4.2 (Zeiss), which enables cell 
counting in a designated area.

PCNA-positive nuclei were counted among 
10 clearly visible, uniformly oriented villi in accor-
dance with the protocol described by Bologna-Molina 
et al. [23]. The examination area was marked on the 
middle third of the villi. Using the Zeiss examination 
program (Labscope Version 3.4.2), the area was deter-
mined and fixed in µm2. All visible PCNA-positive 
nuclei within the marked area were then counted, 
regardless of staining intensity. PCNA-positive nuclei 
were also counted in 10 clearly visible, uniformly ori-
ented crypts using the same method. All images were 
captured using a digital camera Axiocam 208 color 
(Zeiss).
Statistical analysis

To compare quantitative variables (weight and 
histological parameters) between the Con and ProL 
groups, an independent samples t-test was conducted 
because the data were normally distributed (assessed 
by the Shapiro-Wilk test with Q-Q plot inspection) 
and homogeneous (assessed by Levene’s test). The 
Mann-Whitney U test was used to compare the num-
ber of PCNA-positive cells between the Con and ProL 
groups.

To compare the above-mentioned parameters 
between different time periods, a one-way repeat-
ed-measures analysis of variance or Friedman’s test 
was applied as appropriate. Spearman’s test was 
used to assess the correlation between histological 
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parameters (VH, villus width, CD, and muscle layer 
thickness) and the number of PCNA-positive cells. 
Statistical analyses were conducted using Jamovi 
software (v2.3.28) [24]. The results are presented as 
mean ± standard deviation unless otherwise stated. 
Differences were considered statistically significant at 
p < 0.05.
Results
Growth rates

The weights of the birds at the beginning of the 
study were not significantly different between the two 
groups (p > 0.05), indicating that subsequent results 
were not affected (Table-2). The mean live weight and 
FCR of birds at all age stages were also not signifi-
cantly different between the two groups (p > 0.05).
Lactobacilli content in the duodenum

The mean number of lactobacilli in the duodenal 
contents, as assessed in three replicates, was 5.41 × 
106 in the ProL group and 4.64 × 106 in the Con group. 
The higher number of lactobacilli in the duodenal 
contents of the ProL group suggests that these birds 
received additional L. farciminis and L. rhamnosus as 
feed (these bacteria are capable of growing and repro-
ducing in the digestive tract).
Histological examinations

VH was significantly greater in the ProL group 
on day 7 (p < 0.05); however, the effect size indicated a 
low practical significance of this difference (Table 3). 
A significantly greater VH in the ProL group was also 
observed on days 21, 28, and 35 (p < 0.01), and the 
effect size indicated the average practical meaning 
of this difference. Faster villus growth was observed 
from days 1 to 14 and from day 21 to the end of the 
study in both the ProL and Con groups (p < 0.01).

The villus width was significantly greater in the 
ProL group on day 7 (p < 0.05), but the effect size 
indicated a low practical meaning of this difference. 
In addition, the villus width in the ProL group was 
significantly greater on days 14 and 28 (p < 0.01), and 
the effect size indicated the average practical mean-
ing of this difference. Significant differences in villus 
width were observed between age groups within both 
groups (p < 0.01). In the Con group, villus width grad-
ually increased throughout the study period, whereas 
in the ProL group, a faster increase in villus width was 
observed from days 7 to 14 and from days 21 to 28.

CD was significantly greater in the ProL group 
on days 7, 21, 28, and 35. Although the difference was 
statistically significant on days 7 and 28 (p < 0.05), 
the effect size indicated a low practical meaning of 
the difference. On days 21 and 35, however, the effect 
size indicated the average practical significance of this 
difference (p < 0.01). Within both the Con and ProL 
groups, statistically significant differences in CD were 
observed between age groups (p < 0.01), except in the 
Con group between days 28 and 35, during which 
rapid growth of crypts was not detected (p > 0.05).

The muscle layer thickness was significantly 
greater in the ProL group on day 1 (p < 0.01), with 
the effect size indicating the average practical mean-
ing of this difference, as well as on day 14 (p < 0.05), 
with the effect size indicating the low practical mean-
ing of this difference. Within both groups, statistically 
significant differences in muscle layer thickness were 
observed between age groups (p < 0.01).

The VH: CD ratio was significantly higher in the 
ProL group on day 14 (p < 0.05), and the effect size 
indicated the average practical significance of this dif-
ference. In both study groups, VH: CD decreased on 
days 21 and 28.

VH significantly differed between the Con and 
ProL groups (p < 0.01). In addition, significant dif-
ferences were found in villus width, CD, and mus-
cle layer thickness (p < 0.05); the exception was the 
VH:CD, which showed no significant differences 
(p > 0.05). Although the differences in the specific 
indicators were statistically significant, the effect size 
indicated that these differences had a low practical 
meaning (Table-4).
IHC examinations

The number of PCNA-positive cells in crypts and 
villi is expressed per 1 mm2. At all age stages, the num-
ber of PCNA-positive cells was significantly higher in 
the ProL group than in the Con group (p < 0.01).

No differences were observed between the 
groups in the number of PCNA-positive villi cells 
on day 7. However, on days 21 and 35, the number 
of positive cells was significantly higher in the Con 
group (p < 0.01 and p < 0.05, respectively) (Table-5).

The results showed that the number of PCNA-
positive cells decreased with age. Significant differ-
ences in the numbers of cells were observed between 
days 7, 21, and 35 in both the crypts and villi within 
each group (p < 0.01); however, no significant dif-
ferences were observed in the villi of the ProL group 
between days 21 and 35 (p > 0.05). No significant cor-
relation was observed between the number of PCNA-
positive cells in crypts and villi (p > 0.05) (Table-5).
Correlation

A statistically significant negative correlation 
was found between histological parameters (VH, vil-
lus width, CD, and muscle layer thickness) and the 
number of PCNA-positive cells. As the birds grew, the 
histological indicators also increased, including VH 
(r = −0.254), villus width (r = −0.184), CD (r = −0.329), 
and muscle layer thickness (r = −0.268), whereas the 
number of PCNA-positive cells decreased (p < 0.01).
Discussion

Consistent with findings from other studies [25–28], 
our study did not observe significant differences in 
growth indicators (p > 0.05), although  the ProL group 
consistently showed numerically higher live weights 
throughout the study period and at its conclusion (Table-
2). Our study provided optimal housing conditions and 
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Table-2: Growth rate of specific-pathogen-free broiler chickens.

Parameter Day Mean (95% CI) p‑value

Control group Probiotic group

Live weight (g) 0 43.8 (42.1–45.5) 44.5 (42.5–46.4) 0.945
7 229.2 (225.6–232.8) 216.7 (216.4–223.1) 0.831
14 582.2 (572.8–591.5) 588.6 (578.9–598.1) 0.834
21 1154.1 (1136.7–1171.5) 1166.2 (1147.4–1184.9) 0.979
28 1957.7 (1931.0–1984.4) 1961.9 (1935.0–1988.9) 0.989
35 2828.0 (2784.2–2871.8) 2835.7 (2791.7–2879.7) 0.947

Feed conversion ratio 1–7 1.0 (0.8–1.3) 1.0 (0.8–1.2) 0.998
8–14 1.1 (0.9–1.3) 1.1 (0.9–1.3) 0.794
15–21 1.1 (0.9–1.3) 1.1 (0.9–1.3) 0.835
22–28 1.2 (1.1–1.3) 1.2 (1.1–1.3) 0.944
29–35 1.3 (1.2–1.4) 1.3 (1.2–1.4) 0.757

CI=Confidence interval

Table-3: Duodenum histological examinations.

Parameter (µm) Day Control
M (SD)

Probiotic
M (SD)

p‑value d

Villi length 1 d 532 (127)a 528 (116)a 0.721 NA
7 d 1142 (175)b 1174 (168)b 0.024 0.18
14 d 1523 (241)c 1551 (206)c 0.135 NA
21 d 1509 (206)c 1583 (172)c <0.001 0.39
28 d 1580 (222)d 1697 (254)d <0.001 0.49
35 d 1686 (207)e 1758 (204)e <0.001 0.35

p‑value <0.001 <0.001
Villi width 1 d 89 (20)a 88 (19)a 0.752 NA

7 d 166 (37)b 173 (37)b 0.025 0.18
14 d 200 (42)c 214 (45)c <0.001 0.30
21 d 215 (46)d 213 (42)c 0.642 NA
28 d 229 (41)e 240 (50)d 0.002 0.25
35 d 246 (49)f 246 (48)d 0.888 NA

p‑value < 0.001 < 0.001
Crypt depth 1 d 74 (12)a 76 (13)a 0.152 NA

7 d 143 (31)b 148 (22)b 0.031 0.18
14 d 190 (29)c 185 (32)c 0.078 NA
21 d 199 (27)d 206 (31)d 0.003 0.25
28 d 214 (34)e 220 (33)e 0.021 0.19
35 d 225 (39)e 239 (43)f <0.001 0.33

p‑value < 0.001 < 0.001
Muscle layer thickness 1 d 70 (20)a 76 (20)a <0.001 0.31

7 d 116 (35)b 120 (30)b 0.187 NA
14 d 129 (37)c 135 (39)c 0.040 0.17
21 d 142 (36)d 142 (33)d 0.950 NA
28 d 157 (37)e 163 (41)e 0.065 NA
35 d 170 (55)f 174 (47)f 0.328 NA

p‑value < 0.001 < 0.001
Villi length/crypt depth 1 d 7.3 (2.1)a 7.1 (1.7)a 0.222 NA

7 d 8.5 (4.3)b 8.3 (3.8)b 0.516 NA
14 d 8.2 (1.5)c 8.5 (1.4)c 0.002 0.26
21 d 7.7 (1.2)a 7.8 (1.2)d 0.185 NA
28 d 7.7 (4.2)a 7.8 (1.5)d 0.655 NA
35 d 8.1 (6.2)d 8.1 (6.8)b 0.901 NA

p‑value < 0.001 < 0.001

M=Mean, SD=Standard deviation, d=Cohen’s d (effect size). Values with different superscript letters (a–e) in the same 
column are significantly different (p < 0.05)

specific-pathogen-free environments, which contributed 
to good live weight gain in both groups. Consequently, 
the high live weight gain was not significantly different 
between the ProL and Con groups.

In real-world production settings, achieving such 
ideal circumstances is challenging, and we assumed 
that the impact of ProLs would be more pronounced 
under less optimal conditions. However, some 

studies have shown the opposite effect. Shah et al. 
[29] reported a significant increase in live weight 
when broiler chickens were fed ProLs containing 
Enterococcus faecium and Pediococcus acidilac-
tici. Similarly, Chen et al. [6] observed a substantial 
increase in live weight when L. rhamnosus was fed.

This study also revealed no significant differences 
in FCR (Table-2). Similar results were obtained by 
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Table-4: Overall mean scores for histological examination of the duodenum.

Parameter (μm) Control group Probiotic group p‑value d

M SD M SD

Villi length 1332.2 436.9 1383.9 462.3 < 0.001 0.12
Villi width 191.2 65.1 195.9 67.3 0.034 0.10
Crypt depth 174.6 58.9 179.2 61.8 0.023 0.10
Muscle layer thickness 130.8 49.4 135.1 47.9 0.009 0.10
Villi length/crypt depth ratio 7.9 3.7 7.9 3.4 0.831 NA

M=Mean, SD=Standard deviation, d=Cohen’s d (effect size)

Table-5: Number of PCNA‑positive duodenal cells.

Parameter Age Crypts Villi

Control group Probiotic group p‑value Control group Probiotic group p‑value

Cells/mm2 Days M (Q1–Q3) M (Q1–Q3) M (Q1–Q3) M (Q1–Q3)
7 8.5 (7.3–9.7)a 9.6 (8.6–11.8)a < 0.001 2.2 (1.9–3.0)a 2.3 (1.9–2.6)a 0.258
21 6.8 (5.6–7.3)b 6.9 (5.4–9.2)b < 0.001 1.4 (1.2–1.5)b 0.8 (0.6–1.0)b < 0.001
35 4.4 (3.7–5.1)c 4.6 (3.5–6.0)c < 0.001 0.9 (0.7–1.1)c 0.7 (0.6–0.8)b 0.021

p < 0.001 p < 0.001 p < 0.001 p < 0.001

Values with different superscript letters (a–c) in the same column are significantly different (p < 0.05). M=Median,  
Q1 and Q3=The first and third quartiles, PNCA=Proliferating cell nuclear antigen

Qorbanpour et al. [30], who fed a multistrain ProL con-
taining L. acidophilus and L. casei to Ross 308 broiler 
chickens without improving the FCR. A study by Awad 
et al. [4], in which a ProL containing Lactobacillus 
spp. was fed for 35  days and they did not observe a 
significant improvement in the FCR in the ProL group, 
although it was numerically lower. Similarly, Such 
et al. [27] found no improvement in feed conversion 
when L. farciminis was added to the feed.

However, in a study where broiler chickens were 
fed equal concentrations of thermally inactivated 
Bacillus subtilis and L. acidophilus, a significant 
improvement in FCR was achieved [26]. In addition, 
feeding multistrain probiotics to broiler chickens [31] 
and feeding L. rhamnosus to broiler chickens [6] 
improved FCR.

Rapid growth and development of the villi were 
observed from the beginning of the study to day 7, 
during which the height, width, and depth of the crypts 
doubled (Table-3). This period of relatively rapid 
growth continued until day 14, coinciding with the 
rapid increase in the live weight of the birds. Cao et al. 
[12] reported that birds with more fully developed intes-
tinal morphologies tend to have better growth rates. 
After day 14, villi growth and development slowed but 
continued at a more gradual pace. Throughout all age 
stages, better villus growth was observed in the ProL 
group. At the end of the study (day 35), the VH and CD 
were significantly higher in the ProL group than in the 
non-ProL group. By contrast, Awad et al. [4] did not 
observe significant increases in VH or CD in the duo-
denum compared with the control group. Similarly, in 
a study by Such et al. [27], L. farciminis was added to 
the feed of Ross 308 broiler chickens at 5 × 109 CFU/
kg and observed that the VH and CD in the ileum were 
lower in the probiotic group than in the control group 
at the end of the study.

During the study period, the live weight of the 
birds rapidly increased. The VH: CD ratio decreased 
from days 14 to 21, indicating slower villi growth 
during this period (p > 0.05). However, from day 28 
to the end of the study, the VH: CD increased again 
because the villi growth was faster in this age group 
(Table-3).

The VH:  CD ratio is an important indicator of 
the absorption of nutrients and, consequently, the 
growth of birds. A  higher VH:  CD ratio is associ-
ated with better absorption of nutrients in the diges-
tive tract [32]. In both the Con and ProL groups, the 
VH:  CD ratio increased between age groups until 
day 14  (1–7 and 7–14  days of age, p < 0.01). This 
increase can be attributed to the rapid growth of villi, 
as evidenced by the gradual increase in CD through-
out the study period (p < 0.01). During this period, 
there was also a rapid increase in the live weight 
of the birds. Similar results and relationships were 
obtained by Awad et al. [4]. As the birds continued 
to grow, the VH: CD ratio decreased from days 14 to 
21, indicating a slowing of villus growth (p > 0.05). 
However, from day 28 to the end of the study, the 
VH: CD ratio increased again, suggesting faster vil-
lus growth during this stage, with crypt development 
remaining at the previous level. There was no sig-
nificant difference in the VH: CD ratio between the 
groups at the end of the study. Contrarily, results were 
reported by Awad et al. [4], who found a significantly 
higher VH: CD ratio in the probiotic-enriched group. 
In addition, numerically higher VH: CD ratios were 
reported by Such et al. [27], Nguyen et al. [32], and 
Liao et al. [33]. These studies also showed a positive 
correlation between the VH:  CD ratio and the pres-
ence of lactobacilli in the intestinal tract.

Histological examinations indicated that, on 
average, villus development was significantly faster 
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and better in the ProL group throughout the entire 
study (Table-4). Similar results were achieved in stud-
ies conducted by Awad et al. [4] and Elhassan et al. 
[34] when broiler chickens were fed probiotics.

The impact of feeding L. farciminis and L. rham-
nosus on the growth and division of broiler chickens 
was evident in the significantly higher number of 
PCNA-positive cells in the crypts of the ProL group at 
all age stages (Table-5). A relationship was observed 
between the number of PCNA cells in the crypts and 
the CD count; specifically, the ProL group, which had 
a significantly higher CD count, also showed a higher 
number of PCNA-positive cells within the crypts. 
Similar results were reported by Calik et al. [35], 
who observed a greater CD and a higher number of 
PCNA-positive cells in broiler chickens fed synbiotics. 
Unexpectedly, no relationship was observed between 
the number of PCNA-positive cells within the villi 
and villus parameters (VH and villus width). Although 
we expected that the number of PCNA-positive cells 
would be higher in the villi of the group with faster 
growth, this correlation was not evident in this study, 
similar to other studies [35, 36]. The ProL group exhib-
ited more radial villi growth, whereas a higher num-
ber of PCNA-positive cells were observed in the Con 
group. As the birds grew, the number of PCNA-positive 
cells remained significantly higher in the crypts but 
might have decreased in the villi while maintaining 
high VH and villus width. This pattern was observed 
in SPF broiler chickens of the ProL group, suggesting 
that SPF broiler chickens that received L. farciminis 
and L. rhamnosus developed faster, as indicated by the 
high rates of live weight gain.

As the birds grew, there was an overall increase 
in histological indicators, such as the length, width, 
and depth of the crypts, and the thickness of the mus-
cle layer. However, there was a concurrent decrease 
in the number of PCNA-positive cells (p < 0.01). This 
negative correlation between the number of PCNA-
positive cells and bird growth was also observed by 
Petrusewicz-Kosinska et al. [37], who observed a 
statistically significant decrease in PCNA-positive 
cell proliferation in the pineal gland as turkeys grew. 
Higher PCNA-positive cell counts are more often 
observed in the early stages of bird growth due to the 
rapid growth and development of birds at younger 
ages, especially in fast-growing breeds, as observed 
in the present study of Ross 308 SPF broiler chick-
ens. The rapid growth and division of cells in birds 
decrease with growth.
Conclusion

Feeding a mixture containing L. farciminis and 
L. rhamnosus probiotics to SPF broiler chickens for 
35 days increased the absorption area of the duodenum. 
This was evidenced by increased intestinal histologi-
cal indicators in SPF broiler chickens at different age 
stages (VH, villus width, CD, VH: CD ratio, and mus-
cle layer thickness) and a significantly higher number 

of PCNA-positive cells within the crypts. These find-
ings suggest that feeding SPF broiler chickens a mix-
ture of L. farciminis and L. rhamnosus positively 
affects live weight gain and feed conversion, indicat-
ing potential growth-promoting benefits. However, 
these changes did not reach statistical significance. 
In addition to the effects on growth parameters, this 
study highlights the accelerated histological develop-
ment of the duodenum in SPF broiler chickens fed L. 
farciminis and L. rhamnosus. This suggests that the 
probiotic mixture may contribute to the overall intes-
tinal health and development of SPF broiler chickens.
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