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Abstract

Introduction: Modern industrial poultry production removes the natural relationship between day-old chicks and
hens. Consequently, the establishment of gut microbiota largely depends on the bacteria present in the hatchery
and barn environment. On the other hand, chicks may be exposed to pathogenic agents while still at the hatchery,
during hatching, sex determination, vaccination, and transportation, even before consuming their first feed. Since
the initial contact with microbes might involve pathogenic bacteria, introducing beneficial bacteria into the
gastrointestinal tract of chicks can help reduce the risk of pathogen settlement. The primary colonization of
beneficial microbes is not only crucial for competing against pathogenic bacteria but also plays a significant role
in stimulating factors associated with the growth and maturation of the immune system. Additionally, in the
agricultural industries, the use of antibiotic growth promoters (AGPs) in animal diets has been reduced or even
eliminated due to concerns regarding bacterial antibiotic resistance and antibiotic residues in animal products. As
a result, several alternatives to AGPs have appeared in the poultry market. One of the many alternatives that are
currently being investigated is the use of probiotics. Probiotics are defined as a “live microbial feed supplement
which beneficially affects the host animal by improving its intestinal microbial balance”. Among the probiotics
used in poultry, Lactobacillus isolates have been particularly valued for their positive effects on gut health.
Furthermore, Lactobacillus naturally dominates the gastrointestinal tract of poultry. The beneficial effects of these
bacteria occur through various mechanisms, including competitive exclusion, maintenance of protective intestinal
barriers, and immune system enhancement. Probiotics can upregulate the expression of immune-related genes
such as cytokines, interferons, and interleukins, which directly or indirectly increase the serum levels of
immunoglobulins in response to antigens. Ideally, the best way to avoid the need for drugs is to prevent pathogen
proliferation as early as possible. It has been commonly assumed that microbial colonization occurs after hatching
in poultry; however, scientific evidence suggests that live bacteria may be present in the intestine in small
quantities even before hatching. One favorable method of probiotic administration is the in ovo injection of
probiotics into the amniotic sac at the late stage of embryonic development. This approach can facilitate the early
establishment of beneficial bacteria in the gastrointestinal tract to create an environment that prevents pathogen
colonization. Therefore, the objective of this study was to evaluate in ovo administration as a method for delivering
some Lactobacillus isolates derived from the gut microbiota of Iranian native poultry to the intestines of broiler
chicks before hatching and assess their effects on hatchability, immune system development, serum metabolites,
and growth performance.
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Materials and methods: To investigate the effect of in ovo injection of Lactobacillus isolates of Iranian native
poultry in broilers, on day 18" of incubation, 672 embryonated eggs (Ross 308 strain) were assigned into 24
experimental units, in a completely randomized design with six treatments and four replicates (28 eggs per
replicate). The hatched chicks, based on the same division as the in ovo injection stage, were raised for six weeks.
Experimental treatments included: 1. /n ovo injection of physiological saline (saline 9%; negative control), 2. In
ovo injection of physiological saline (saline 9%) and antibiotic growth promoter (avilamycin) in the diet (positive
control), 3. In ovo injection of Lactobacillus salivarius isolate Pls2 (MH595986; 103 CFU/egg), 4. In ovo injection
of Lactobacillus reuteri isolate Plr6 (MF686483; 10° CFU/egg), 5. In ovo injection of Lactobacillus reuteri isolate
Plr4 (MF686463; 10° CFU/egg), and 6. In ovo injection of Lactobacillus reuteri isolate Plr2 (MG547731; 10°
CFU/egg). Percent of hatchability was calculated as the percent of healthy hatched chicks from fertile eggs. To
evaluate the immune response of the broilers, hemagglutination assay and hemagglutination inhibition methods
were separately used to measure the antibody titers against sheep red blood cells (SRBC) and Newcastle disease
virus (NDV), respectively, and were expressed as the log>. To measure glucose, triglyceride, and total cholesterol
from serum, a spectrophotometric method via liquiform kits was used. Important growth performance metrics,
such as body weight gain, feed intake, feed conversion ratio, and European Production Efficiency Factor (EPEF),
were evaluated throughout the entire rearing period. Results are reported as means, and differences among
treatments were compared using the Tukey test, and significance was determined at P<0.05.

Results and discussion: /n ovo injection of Lactobacillus, isolates had no negative effect on hatchability
(P>0.05). In ovo injection of Lactobacillus isolates and positive control groups showed lower feed conversion
ratio compared to the negative control group (P<0.05). The EPEF in the positive control group and in ovo
administered Lactobacillus isolates was higher than the negative control group (P<0.05). Among the lactobacilli
used, in ovo injection of Plr2 showed similar EPEF to the positive control group (P>0.05). Broiler dietary
supplementation of antibiotic growth promoter and in ovo injection of Plr4 and P1r2 increased total and secondary
antibody titer against SRBC compared to the negative control group (P<0.05). The positive control group and in
ovo injection of Plr2 showed higher antibody titers against NDV than the negative control group (P<0.05). In ovo
injection of Pls2, Plr6, and Plr4 increased serum glucose compared to control groups (P<0.05). In ovo injection
of PIr4 decreased the triglyceride concentration of serum compared to the control groups at 42 days of age
(P<0.05). In ovo injection of the Lactobacillus isolates reduced the cholesterol concentration of serum in broilers
(P<0.05).

Conclusions: In general, the injection of Lactobacillus isolates used in this study, particularly Plr4 and Plr2, at
the late embryonic stage as appropriate microbial compounds, may improve broiler growth performance without
adversely affecting hatchability and by positively influencing the immune response and serum metabolites.
Keywords: Immune response, /n ovo injection, Broiler, Growth performance, Lactobasillus
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Table 1. Ingredients and chemical composition of the diets used in the experiment (g/kg)

Ingredients (as fed basis) (?E?rgeé) (?lr _ozv:/‘eé) (glsn_fg Zr)
Corn 515.14 526.44 550.38
Wheat 50.00 70.00 100.00
Soybean meal, 44% CP 372.41 335.05 280.51
Soybean oil 17.46 27.26 31.10
Monocalcium phosphate 14.48 13.88 12.36
Calcium carbonate 15.11 13.35 12.06
Common salt 2.32 2.48 2.50
L-Lysine HCI, 78% 2.47 1.96 1.91
DL-Methionine, 99% 3.07 2.61 2.35
L-Threonine, 98% 1.03 0.67 0.51
Vitamin premix! 2.50 2.50 2.50
Mineral premix? 2.50 2.50 2.50
Sodium bicarbonate 1.51 1.30 1.32
Total 1000 1000 1000
Calculated composition?

Metabolizable energy, kcal/kg 2850 2950 3050
Crude protein, g/kg 218.62 204.60 185.86
Dig. Lysine, g/kg 12.16 10.94 9.72
Dig. Methionine, g/kg 6.02 5.41 4.95
Dig. Methionine + Cystine, g/kg 9.02 8.28 7.62
Dig. Threonine, g/kg 8.17 7.33 6.48
Calcium, g/kg 9.12 8.28 7.43
Available phosphorus, g/kg 4.56 435 3.90
Total phosphorus, g/kg 7.27 6.99 6.45
Sodium, g/kg 1.52 1.52 1.53
Potassium, g/kg 9.29 8.89 8.36
Chloride, g/kg 2.30 2.30 2.30

! Vitamin premix provided the following per kilogram of diet: vitamin A (frans-retinyl acetate), 10000 IU, vitamin D3
(cholecalciferol), 5000 IU, vitamin E (DL- a-tocopherol acetate), 50 IU, vitamin K3 (bisulfate menadione complex), 3 mg,
thiamine (thiamine mononitrate), 3 mg, riboflavin, 9 mg, nicotinic acid, 50 mg, pantothenic acid (D-calcium pantothenate),
15 mg, vitamin Bs, 4 mg, D-biotin, 0.1 mg, folic acid, 2 mg, vitamin B> (cyanocobalamin), 0.02 mg and choline (choline
chloride), 1000 mg; 2 Mineral premix provided the following per kilogram of diet: iron (FeSO4*7H20), 55 mg, iodine (Ca
(103)2), 1.3 mg, manganese (MnSO4*H20), 120 mg, zinc (ZnO), 100 mg, copper (CuSOs5H20), 16 mg, selenium
(Naz2Se03), 0.3 mg; 3 Calculated nutrient content was based on ingredient composition data from NRC (1994).
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Table 2. Effect of in ovo injection of Lactobacillus on hatchability and body weight of broilers on the day of

hatch
Item Egg weight (g) Hatchability (%) Body weight on day of hatch (g)
NC! 59.07 99.04 41.28
PC? 59.23 98.15 41.25
Pls2? 59.18 99.04 41.13
PIr6* 59.17 99.11 41.22
Pir4’ 59.13 98.18 40.78
PIr26 59.17 98.08 40.88
SEM’ (n=4) 0.134 1.011 0.400
P-value 0.970 0.932 0.920

! Negative control: In ovo injection of 0.9% sterile saline; 2 Positive control: In ovo injection of 0.9% sterile saline and
dietary supplementation of avilamycin as a growth promoter antibiotic; 3 Lactobacillus salivarius NABRII58 (MH595986);
4 Lactobacillus reuteri ABRIG23 (MF686483); ° Lactobacillus reuteri ABRIG3 (MF686463); ¢ Lactobacillus reuteri
ABRIIN35 (MG547731); 7 SEM: Standard error of the means
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Table 3. Effect of in ovo injection of Lactobacillus on growth performance of broilers at 1 to 21 and 22 to 42

days of age
1-21 days of age 22-42 days of age

Item BWG! (g/d) ADFI? (g/d) FCR® (g/g) BWG (g/d) ADFI(g/d) FCR (g/g)
NC* 34.81% 53.48 1.537° 71.07° 151.932 2.138°
PC3 41.752 53.532 1.282°¢ 82.01* 159.352 1.945°
Pls2¢ 34.25° 48.31° 1.411° 69.89° 133.40° 1.907°
Plr6’ 34.71%¢ 48.26° 1.391° 70.64° 133.54° 1.891°
Pir43 35.22b¢ 50.33% 1.430° 70.42° 133.84° 1.901°
PIr2° 36.85° 52.45%® 1.424° 74.66° 137.56° 1.842°
SEM!? 0.549 0.665 0.0205 1.332 3.054 0.0267
(n=4)

P-value 0.001 0.001 0.001 0.001 0.001 0.001

a¢ Means within a column with different superscripts are significantly different (£<0.05)

' Body weight gain; 2 Average daily feed intake; 3 Feed conversion ratio; 4 Negative control: /n ovo injection of 0.9% sterile
saline; 5 Positive control: In ovo injection of 0.9% sterile saline and dietary supplementation of avilamycin as a growth
promoter antibiotic; ® Lactobacillus salivarius NABRIIS8 (MH595986); 7 Lactobacillus reuteri ABRIG23 (MF686483);
Lactobacillus reuteri ABRIG3 (MF686463); ° Lactobacillus reuteri ABRIIN35 (MG547731); ' SEM: Standard error of

the means
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Table 4. Effect of in ovo injection of Lactobacillus on growth performance of broilers at 1 to 42 days of age

Ttem BW! (g) BWG? (gd) ADFD (g/d) FCR*(g/g)  Mortality (%) EPEF®
NC® 2264.69%¢ 52.94b 102.71° 1.940° 1.56 273.80¢
PC’ 2640.22¢ 61.88" 106.43 1.721° 1.56 359.48
Pls2® 2227.98¢ 52.07° 90.86 1.745b 0.00 304.13¢
Plr6° 2253.63% 52.68 90.90° 1.726° 0.00 310.97%
Plr4!0 2259.16b 52.82b 92.09 1.744° 0.00 308.72%
PIr2!! 2382.53° 55.75 95.01° 1.704° 0.00 332.99%
SEM!2 (n=4) 33.506 0.793 1.509 0.0193 0.902 5.996
P-value 0.001 0.001 0.001 0.001 0.564 0.001

d Means within a column with different superscripts are significantly different (P<0.05)

I Body weight; 2 Body weight gain; 3 Average daily feed intake; # Feed conversion ratio; 3 European production efficiency
factor; ® Negative control: In ovo injection of 0.9% sterile saline; 7 Positive control: In ovo injection of 0.9% sterile saline
and dietary supplentation of avilamycin as a growth promoter antibiotic; ® Lactobacillus salivarius NABRII58 (MH595986);
? Lactobacillus reuteri ABRIG23 (MF686483); ' Lactobacillus reuteri ABRIG3 (MF686463); '! Lactobacillus reuteri
ABRIIN35 (MG547731); '> SEM: Standard error of the means
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Table 5. Effect of in ovo injection of Lactobacillus on serum antibody and Newcastle titers (log») of broilers

Primary (33 days of age) Secondary (40 days of age) NAT!
Item Total antibody IeG IegM Total antibody IeG IegM 21d 42d
NC? 4.88° 3.00°  1.88 5.63° 3.63*  2.00 4.88°  4.50°
PC? 7.00% 4.38° 263 7.88% 5.50®  2.38 6.63*  6.13*
Pls24 7.25% 438 288 7.38% 5.25% 213 5.50®  5.13®
Plr6’ 6.50° 4.25% 225 7.25% 500" 225 550"  5.13®
Plr4¢ 7.63% 5.000  2.63 8.38 6.63* 175 5.38%® 525
PIr2’ 7.88° 5.50* 238 8.75° 7.25° 1.50 6.380  5.63%®
SEM? (n=8) 0.323 0434 0.313 0.474 0.624  0.287 0.320 0.345
P-value 0.001 0.007  0.298 0.001 0.004 0.288 0.003  0.045

a¢ Means within a column with different superscripts are significantly different (£<0.05)

! Newcastle antibody titers; 2 Negative control: In ovo injection of 0.9% sterile saline; 3 Positive control: In ovo injection of 0.9%
sterile saline and dietary supplementation of avilamycin as a growth promoter antibiotic; * Lactobacillus salivarius NABRII58
(MHS595986); ° Lactobacillus reuteri ABRIG23 (MF686483); ¢ Lactobacillus reuteri ABRIG3 (MF686463); 7 Lactobacillus
reuteri ABRIIN35 (MG547731); # SEM: Standard error of the means
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Table 6. Effect of in ovo injection of Lactobacillus on serum metabolites of broilers (mg/dL)

21 days of age 42 days of age

Item Glucose TG! TCHO? Glucose TG TCHO
NC? 189.64° 65.68%® 118.24 137.05¢ 73.27* 82.13*
pC* 191.01° 71.22® 115.47 148.48¢ 75.842 87.502
Pls2? 211.90° 75.392 117.67 256.98° 68.08® 65.39°
Plr6° 204.01% 69.76% 119.29 274.09° 63.89% 64.14°
Plr4? 186.55° 62.02 118.29 198.8° 53.82° 62.74°
PIr23 190.04° 59.52° 109.36 169.77% 65.17% 67.83°
SEM? (n=8) 4.941 3.446 5.112 8.395 8.395 3.292

P-value 0.004 0.021 0.763 0.001 0.002 0.001

a¢ Means within a column with different superscripts are significantly different (P<0.05)

! Triglyceride; 2 Total cholesterol; * Negative control: /n ovo injection of 0.9% sterile saline; * Positive control: In ovo
injection of 0.9% sterile saline and dietary supplementation of avilamycin as a growth promoter antibiotic; ° Lactobacillus
salivarius NABRII58 (MH595986); ¢ Lactobacillus reuteri ABRIG23 (MF686483); 7 Lactobacillus reuteri ABRIG3
(MF686463); ® Lactobacillus reuteri ABRIIN35 (MG547731); ° SEM: Standard error of the means
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