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Abstract

The experiment was conducted at Avian Research Station, Thiruvazhamkunnu, to study the effects of in ovo
inoculation and dietary supplementation with Lactobacillus plantarum (L. plantarum) and mannan oligosaccharide
(MQOS) on broiler growth performance from day-old to 42 days. A total of 420 eggs were assigned to seven treatment
groups, each with 60 eggs: T1 (0.2 mL normal saline, control), T2 (0.2 mL of 10 CFU L. plantarum), T3 (0.2 mL of 0.5
per cent MOS), T4 (combination of L. plantarum and MOS), T5 (dietary 10" CFU L. plantarum/kg feed), T6 (dietary 0.5
per cent MOS), and T7 (dietary combination of L. plantarum and MOS). Hatch weights were significantly higher in the
in ovo inoculated groups. By six weeks, the dietary synbiotic group (T7) and in ovo synbiotic group (T4) had similar
body weights, which was significantly (p<0.05) higher than all other groups. Cumulative body weight gain was higher in
synbiotic groups (T4 and T7). The in ovo prebiotic group (T3) showed growth performance similar to the synbiotic groups
throughout the study period. However, cumulative feed consumption and feed conversion ratio (FCR) were unaffected
by the treatments. The study concludes that in ovo inoculation of prebiotic and synbiotic is as effective as their dietary
supplementation for enhancing growth performance of broiler chicken.
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Commercially chicken have become key food producing animals in the global food system. Newly hatched
chicks undergo various procedures viz., pull out, grading, storage and transportation before housing in the brooder,
which introduces a gap in the access to feed and water (Kadam et al., 2013). This gap dampens the potential for
microflora inoculation and prevents proper development of microbiome, gastrointestinal system and innate immunity.
As a consequence, the industrial production of broiler chicken with a poor microbial profile leads to infectious disease
outbreaks. The delay dampens the stimulation of intestinal villi and establishment of beneficial gut microflora, which
leads to delayed development of gastrointestinal system, and innate immunity (Das et al., 2021). Consequently, broiler
chickens with a poor microbial profile are more susceptible to disease outbreaks in industrial production.

Probiotics, prebiotics and synbiotics are used widely in poultry feeds as alternatives to antibiotic growth
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promoters. Probiotics and prebiotics must be administered
as early as possible to achieve the desired efficacy of gut
maturation. The composition of gut microbiota can be
modified through the use of suitable probiotics (Reshma
et al., 2023). Research showed that in ovo inoculation
of nutrients during late incubation helps in the early
development of intestinal villi in the chicks which results in
enhanced nutrient absorption and thereby increased final
body weight of broiler chicken (Panda et al., 2006). Studies
on the administration of L. plantarum and MOS through in
ovo route in broiler chicken are scanty. Hence, the present
study is designed to compare the growth performance of
broiler chicken supplemented with L. plantarum, MOS and
their combination through in ovo inoculation and dietary
route.

Materials and methods

Atotal of 600 fertile Vencobb-430Y broiler chicken
eggs were procured from Venkateshwara Hatcheries
Private Ltd. and incubated in a setter maintained at
37.7°C with 55 per cent relative humidity. On the 18"
day, the eggs were candled and embryonated eggs were
allotted into seven treatment groups of 60 eggs each. The
experimental groups T2, T3 and T4 were in ovo inoculated
with L. plantarum, MOS and their combination in 0.2 mL
normal saline (NS) as described in the Table 1. T1 served
as control and was inoculated with 0.2 mL NS. After
inoculation, all the eggs were immediately transferred to a
hatcher at 37.2°C and 65 per cent relative humidity. Upon
hatching, healthy chicks were randomly selected, wing
banded, weighed, and allotted to three replicates of 10
birds each in respective treatment groups. Experimental
groups T5, T6 and T7 received dietary supplementation of
L. plantarum, MOS and their combination, respectively, until
42 days of age as described in the Table 1, while the in ovo
treated groups were fed a standard broiler diet formulated
as per BIS (2007). All birds were given ad libitum access to
feed and water, and feed samples analysed for proximate
composition (AOAC 2016).

MOS was procured from Provet Pharma,
Chennai and the culture of Lactiplantibacillus plantarum
(formerly known as Lactobacillus plantarum), strain IDK

Table 1. Description of the experimental groups

120 (VTCDM 648 B), was obtained from the starter culture
laboratory of the Dairy Microbiology Division of Verghese
Kurien Institute of Dairy and Food Technology, Mannuthy,
was used for the study. Probiotic preparations were
prepared by the method described by Sun et al. (2022).

On the 18" day of incubation, 240 viable
embryonated eggs were collected for in ovo inoculation
as described by Uni and Ferket (2003). Each egg was
candled, and the air cell marked. The inoculation site
was sterilized with 70 per cent isopropyl alcohol, and a
hole was made at the broad end using a sterilised 18-
gauge needle. Probiotic, prebiotic, and synbiotic solutions
in normal saline (0.2 mL each) were inoculated into the
amnion using a sterile insulin syringe with a 24-gauge
needle. All procedures were conducted aseptically under
laminar airflow, and the hole was sealed with sterile molten
paraffin wax post-inoculation.

The body weight (g) of individual birds were
recorded at weekly intervals from day-old to six weeks of
age and body weight gain was calculated. Feed consumed
(g) per bird in each replicate was recorded weekly up to
six weeks of age and cumulative feed consumption for the
entire period was calculated. FCR (kg of feed consumed
per kg weight gain) was calculated for each replicate
using the data on body weight gain and feed consumption.
Statistical analysis was performed by one-way ANOVA
using SPSS version 24.0.

Results and discussion
Body weight

The effects of experimental treatments on
body weight of broilers are represented in Table 2. The
body weight of broilers at weekly intervals in different
treatment groups (T1 to T7) showed significant differences
across various age intervals, indicating that both in ovo
inoculation and dietary supplementation had variable
impacts on the growth performance of broilers. The in
ovo synbiotic group (T4) exhibited the highest day-old
body weight, comparable to the control (T1) and MOS
in ovo group (T3), while non-inoculated groups (T5, T6,
T7) had lower weights, suggesting that in ovo inoculation

Treatment Particulars

Treatment groups In ovo inoculation Dietary supplementation

(day 18 of incubation) (0-42 days of age)
T1 (Control) Normal saline Nil
T2 L. plantarum (107 CFU/egg) Nil
T3 MOS (0.5% solution) Nil
T4 L. plantarum (107 CFU/egg) + MOS (0.5% solution)| Nil
T5 Nil L. plantarum (107 CFU/kg)
T6 Nil MOS (5g/kg)
T7 Nil L. plantarum (107 CFU/kg) + MOS (5g/kg)
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Table 2. Body weight (Mean +SE) of broilers at weekly intervals in different treatments, g

Treatments
Age (weeks) p- value
T1 T2 T3 T4 T5 T6 T7
45,082 43.772 44 812 45.322 42.32° 42.12° 42 .25
Day-old +0.53 +0.80 +0.48 +0.67 +0.76 +0.58 +0.48 0.001
1 147.48° 152.012ab° 157.27% 153.73%¢ 145.58¢ 160.202 154.353¢ 0.04
+3.63 +3.72 +2.73 +3.47 +3.36 +3.57 +3.66 ’
5 386.862 359.96° 410.582 395.732 335.79° 410.762 388.752 0.001
+9.56 +8.40 +10.33 +5.81 +9.27 +6.89 +7.59 )
3 691.07% 668.79° 685.02% 699.61% 594.07¢ 686.12% 729.732 0.001
+17.31 +18.22 +10.56 +11.20 +12.69 +14.71 +15.24 ’
4 1079.14% | 1071.65° | 1143.01% | 1182.732 1055.51¢ 1153.172 1177.722 0.001
+27.58 +20.56 +23.13 +18.86 +21.91 +22.56 +26.06 ’
5 1573.70° 1580.52° 1682.102 1718.512 1560.30° 1642.84% 1739.862 0.001
+38.49 +30.99 +33.42 +23.63 +30.03 +31.37 +34.56 )
6 1975.21¢ 2005.62% | 2089.39% | 2128.232% 1978.61¢ | 2102.16° | 2229.112 0.001
+42.20 +46.64 +38.35 +32.11 +42.85 +40.94 +45.18 ’

Mean values bearing different superscripts within a row differ significantly (p<0.05)

effectively improves hatch weight. These findings are
in alignment with the observations of Dunislawska et al.
(2017) who reported higher hatch-weight in broiler chicken
in ovo inoculated with a combination of L. plantarum and
Raffinose Family Oligosaccharide. Similarly, Swapnil et al.
(2021) reported improved day-old body weigh in broilers in
ovo inoculated with MOS and its synbiotic combination. By
one week, the dietary MOS group (T6) outperformed the
L. plantarum group (T5) and control (T1), indicating that
MOS enhances early growth. By two weeks, both the MOS
in ovo group (T3) and dietary MOS group (T6) maintained
superior weights and was comparable with the synbiotic
groups. As the study progressed to weeks three through
six, synbiotic treatments consistently yielded higher body
weights compared to probiotic groups. These findings are
in agreement with the observations of Swapnil et al. (2021)
who reported improved fifth week body weight as a result
of in ovo inoculation of both prebiotic and synbiotic, while
Slawinska et al. (2020) and Stasiak et al. (2021) reported
increased final body weight in the broiler chicken in ovo
inoculated with prebiotics. Similarly, Abd-El-Latif and Omar
(2023) observed that the dietary synbiotic supplementation
improved the body weight of broiler chickens than the
control group, while was comparable between the dietary
probiotic and prebiotic supplemented groups.

Contrary to the current findings, Stasiak et al,
(2021) stated that in ovo inoculation of synbiotic reduced
the body weight in broiler chicken compared to the control.
This variation may be due to the difference in the probiotic
strains used.

Body weight gain

The mean body weight gain in weekly intervals
are presented in Table 3. During the first week, the
dietary MOS group (T6) showed the highest weight gain,
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significantly outperforming the control (T1) and dietary L.
plantarum group (T5). In the second week, both in ovo and
dietary MOS groups (T3 and T6) continued to demonstrate
superior body weight gain followed by in ovo and dietary
synbiotic groups. By the third week, the dietary synbiotic
group (T7) had the highest weight gain, suggesting a
synergistic effect from combining L. plantarum and MOS.
During fourth week, the prebiotic groups (T3 and T6),
in ovo synbiotic group (T4) and dietary probiotic group
(T5) showed higher weight gain followed by the dietary
synbiotic group (T7). In weeks five and six, the dietary
combination group consistently showed the greatest
gains, highlighting the sustained benefits of synbiotics.
Cumulatively, the highest weight gains were in the dietary
combination group (T7), followed by in ovo synbiotic group
(T4), while the lowest were in the dietary L. plantarum and
control groups, indicating that single additives may be less
effective. In agreement with present findings, Sohail et al.
(2013) stated increased early stage body weight gain in
dietary synbiotic supplemented groups. Similary, Ghasemi
and Taherpour (2013), Bogucka et al. (2019), Karimian and
Rezaeipour (2020) and Song et al. (2022) reported higher
body weight gain in broiler chicken dietary supplemented
with synbiotics. Swapnil et al. (2021) reported higher body
weight gain in in ovo prebiotic and synbiotic groups than
in ovo probiotic groups. Higher body weight gain in MOS
dietary supplemented groups were reported by Bozkurt
et al. (2008), Barros et al. (2015) and Shah et al. (2019).
In ovo probiotic group had lowest body weight gain in this
study, which is in alignment with Guo et al. (2023) who
observed lower weight gain in in ovo probiotic groups than
normal saline supplemented control.

Contrary to the present findings, McCann et al.
(2006) reported reduced weight gain in synbiotic group
and Peng et al. (2016) and Wang et al. (2017) reported
increased body weight gain in dietary L. plantarum

Malini et al.
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supplemented groups. Also, Pender et al. (2017) and
Abdel-Moneim et al. (2020) reported higher early stage
body weight gain in in ovo probiotic groups.

Feed consumption

The mean feed consumption of birds at weekly
intervals is presented in Table 4. During the first two
weeks, no significant differences in feed intake were
observed, indicating that in ovo inoculation or dietary
supplementation had little effect during early stages,
consistent with findings of Benites et al. (2008) and
Kamran et al. (2013), who reported similar feed intake in
MOS dietary supplemented groups during early stages.
By the third week, significant differences emerged, with
the highest feed intake in the dietary synbiotic group
(T7). Similar trends were noted in the fourth week, where
groups received synbiotic (T4 and T7) and prebiotic (T3
and T6) showed higher feed consumption compared to
the L. plantarum in ovo group (T2). However, by the fifth
and sixth weeks, differences in feed intake diminished and
the cumulative feed consumption was similar among the
treatment groups. Supporting to these findings, Barros
et al. (2015) reported increased feed intake in dietary
MOS supplemented group during early stage and Duan
et al. (2021) who reported improved feed intake in in ovo
synbiotic groups. Similarly, the cumulative feed intake
was not affected by the supplementations in the present
study is in alignment with the observations of Elangia et
al. (2024) who reported similar cumulative feed intake in
broilers fed with L. planarum, MOS and their combination.
The probiotic in ovo and dietary supplemented groups
and control group had similar feed intake which was in
agreement with Majidi-Mosleh et al. (2017) and Pender et
al. (2017) in in ovo probiotic supplementation and Wang et
al. (2015) and Lenkova et al. (2019) in dietary L. plantarum
supplementation, which was contrary to Liu et al. (2023)

who reported higher feed intake in L. plantarum dietary
supplemented group.

Feed conversion ratio (FCR)

The mean feed conversion ratio of broilers
in different treatment groups at weekly intervals and
cumulative period (Day-old to 6 weeks) presented in
Table 5 did not show any significant difference between
the treatment groups throughout the experimental period
except for the second week. By the second week, in
ovo probiotic (T2) and dietary probiotic groups (T5)
demonstrated higher FCR, reflecting lower efficiency, while
the control (T1), in ovo MOS (T3), and dietary MOS (T6)
groups had better FCR. The improved FCR with dietary
MOS supplementation during early stage aligns with the
results of Kamran et al. (2013) who reported improved
FCR on dietary MOS supplementation. In contrast to these
findings, Benites et al. (2008) and Barros et al. (2015)
reported no significant effects of dietary MOS on FCR.
Cumulatively, while no significant differences were found,
the dietary synbiotic group (T7) had the numerically lowest
FCR, indicating the best overall efficiency, whereas the in
ovo synbiotic group (T4) exhibited slightly lower efficiency.
This observation aligns with the findings of Karimian and
Rezaeipour (2020) who reported that dietary prebiotic
supplementation can effectively enhance feed efficiency
under specific conditions.

Conclusion

The dietary synbiotic supplementation improved
the body weight and weight gain during the study
period followed by in ovo synbiotic supplementation.
In ovo inoculation of prebiotic and synbiotic resulted in
increased hatch weight and had a performance similar
to dietary groups during most of the weeks. The study

Table 3. Body weight gain (Mean +SE) of broilers at weekly intervals in different treatments, g

Treatments
Age (weeks) p- value
T1 T2 T3 T4 T5 T6 T7

1 102.40° 108.242° 112.45% 108.412° 103.26° 118.082 112.102° 0.01
+3.48 +3.50 +2.64 +3.15 +3.10 +3.29 +3.45 )

5 239.382 207.95° 253.322 242.002 189.88° 250.562 234.392 0.001
+7.61 +7.19 +9.24 +3.24 +6.71 +5.34 +5.26 ’

3 304.21° 308.83* 274.43¢ 303.88° 258.28¢° 275.36 340.98?2 0.001
+11.40 +16.52 +12.03 +10.20 +10.56 +10.41 +11.81 )

4 388.07¢ 402.86"° 457.992 483.122 461.442 467.052 447 .99% 0.001
+15.73 +20.58 +16.40 +12.59 +16.76 +16.69 +23.99 )

5 494 .56 508.87° 539.10% | 535.79%¢ | 504.80" 489.67¢ 562.142 0.01
+17.32 +17.22 +14.89 +12.01 +16.44 +13.34 +17.03 )

6 401.52° 425.10° 407.29° 409.72° 418.31° 459.32% 489.252 0.01
+17.41 +25.12 +16.17 +20.31 +20.76 +18.02 +15.40 )

Cumulative 1930.14¢ | 1961.85% | 2044.58 | 2082.91° | 1935.96° | 2060.04* | 2186.862 0.001
(0-6) +7.06 +38.78 +30.45 +34.08 +5.66 +48.03 +34.63 )

Mean values bearing different superscripts within a row differ significantly (p<0.05)
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Table 4. Feed consumption (Mean +SE) of broilers at weekly intervals in different treatments, g

A k Treatments I
ge (weeks) T T2 T3 T4 T5 T6 17 |PVaLe
1 155.78 156.45 156.04 148.90 130.51 159.08 152.50 0.65™
+5.21 +8.91 +9.24 +14.64 +11.05 +14.37 +14.14 ’
2 334.10 335.26 339.25 364.27 325.38 348.66 341.96 0.211
+5.50 +8.58 +6.03 +10.84 +16.48 +11.59 +1.81 )
3 506.12% 494.77% 479.73° 491.48% 428.19¢ 484.53° 535.442 0.01*
+11.28 +5.83 +3.49 +1.94 +4.38 +29.66 +19.56 )
4 575.31% 529.12¢ 644.822 669.86° 602.122° 647.112 648.092 0.01*
+14.59 +26.91 +33.43 +14.66 +22.08 +18.05 +11.35 ’
5 938.76 936.29 878.09 1023.72 945.97 905.84 1007.62 0.17
+6.35 +26.40 +9.18 +19.64 +71.21 +58.68 +25.74 )
6 940.49 872.15 835.77 949.70 893.07 887.33 848.10 0,750
+47.63 +76.51 +25.7 +64.52 +93.16 +20.08 +25.96 )
. 3450.56 3324.04 3333.70 3647.94 3325.24 3432.55 3533.72 s
Cumulative (0-6)| " 5458 | 13257 | +37.79 +58.90 | +120.50 | +43.63 w4871 | 909
Mean values bearing different superscripts within a row differ significantly (p<0.05)
Table 5. Feed conversion ratio (Mean +SE) of broilers at weekly intervals in different treatments
Treatments
Age (weeks) p- value
T1 T2 T3 T4 T5 T6 T7
1 1.53 1.45 1.39 1.37 1.26 1.34 1.35 0.36
+0.12 +0.07 +0.09 +0.07 +0.08 +0.05 +0.05 ’
> 1.40¢ 1.62% 1.34° 1.51%° 1.722 1.39¢ 1.46 0.01
+0.05 +0.1 +0.04 +0.07 +0.06 +0.08 +0.02 ’
3 1.67 1.61 1.76 1.63 1.66 1.76 1.59 0.67
+0.07 +0.07 +0.10 +0.11 +0.03 +0.07 +0.11 )
4 1.49 1.31 1.41 1.39 1.31 1.39 1.50 0.57
+0.05 +0.05 +0.00 +0.06 +0.07 +0.05 +0.18 )
5 1.90 1.84 1.63 1.91 1.87 1.86 1.79 0.26
+0.02 +0.04 +0.08 +0.07 +0.08 +0.15 +0.02 ’
6 2.35 2.05 2.07 2.32 2.15 1.95 1.74 0.11
+0.12 +0.14 +0.12 +0.13 +0.25 +0.12 +0.04 ’
. 1.79 1.69 1.63 1.75 1.72 1.67 1.62
Cumulative (0-6)| 5 o +0.04 +0.01 +0.04 +0.06 +0.06 +0.03 0.10

Mean values bearing different superscripts within a row differ significantly (p<0.05)

concludes that in ovo supplementation of prebiotics and
synbiotics resulted in better early growth performance
having persistent effects till market age and had similar
performance with dietary prebiotic and synbiotic groups.
Therefore, it is recommended that in ovo inoculation of
prebiotic and synbiotic can be used as an alternative for
its dietary supplementation in broiler chicken to improve
early growth performance. Further research needs to be
conducted to evaluate the combined beneficial effects
of both in ovo and dietary supplementation in broiler
chicken.
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