EISSN: 2707-0425

East African Journal of Science, Technology and Innovation, Vol. 4 (2): March 2023

This article is licensed under a Creative Commons license, Attribution 4.0 International @@@@
(CCBY NCSA 4.0

Effects of supplementation with different levels of a multi strain probiotic on the
performance of laying chicken

"NKIAMBUO B N, 'ATELA J A, \GACHUIRI CK

1Department of Animal Production, University of Nairobi. P.O. Box 29053-00625, Nairobi, Kenya
‘Corresponding author: nkiambuobrian@gmail.com

Abstract

Use of antibiotic growth promoters in poultry production to enhance performance is not
recommended due to accumulation of antibiotic residues in the end products which can confer
antimicrobial resistance (AMR) to consumers. Inclusion of probiotics in layers diets has been reported
to enhance laying performance and egg quality without the risks of AMR. A study to determine the
effect of supplementation of a multi-strain probiotic on performance and egg quality was carried. A
multi-strain probiotic (MolaPlus®) was purchased from a reputable supplier and administered to
laying birds via drinking water at different levels; Prob0(control), Prob2.5(2.5ml/L), Prob5(5ml/L),
Prob10(10ml/L) and Prob15(15ml/L). The birds were fed on mash feed which was purchased from
a reputable feed manufacturer. One hundred and fifty (150) 65-weeks old ISA Brown were recruited
from a laying flock and assigned to the five (5) treatments. The feed intake, body weight, egg weight,
egg specific gravity, yolk colour, eggshell weight, and thickness was recorded weekly for 5 weeks.
Hen day egg production and water intake were recorded daily while the mineral content of the
eggshells (Ca & P) was determined during the 1st, 314 and 5t week. The mean daily feed intake, feed
conversion ratio (FCR), body weight, hen day egg production, water intake, yolk colour, egg weight,
specific gravity, shell weight, shell thickness and eggshell % were not influenced significantly (p >
0.05) by probiotic inclusion levels. There was a significant (p < 0.05) increase in calcium content of
the shells with inclusion of probiotics with Prob5 (52.8%) being the highest. The phosphorus content
of the eggshells was significantly higher (p < 0.05) for Prob5 (0.5311) and Prob15 (0.5093) compared
to control (Prob0), Prob2.5 and Prob10. From the findings, it can be concluded that a multi-strain
probiotic (MolaPlus®) can be included in layers diet via drinking water to improve egg quality.
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Poultry production has been a driver in
uplifting the living standards of many people
globally, thus improving their welfare (Mottet
and Tempio, 2017). The global poultry egg
production industry has grown tremendously
estimated at 83 million tonnes in 2019, a 63 %
increase from 2000 (FAOSTAT, 2021). A
significant proportion of players in the poultry
industry within different countries have
eliminated antibiotics usage to promote
growth due to the rising concerns regarding
the development of resistant microorganisms
that were likely to affect humans consuming
animals/animal products on prolonged use of
antibiotics (Van et al., 2020). Prior to the ban of
antibiotic growth promoters, their use
resulted in a positive impact in the poultry
industry  through  enhancing  growth
performance by increasing feed efficiency,
reduced mortality, and increase weight gain
(Glasgow et al., 2019). The ban has forced
many farmers to seek alternative methods of
enhancing layers performance and egg
quality. Alternatives such as probiotics,
prebiotics, synbiotics, essential oils and
organic acids which are microbes that have
beneficial effects on poultry are instead being
used to achieve similar benefits as antibiotics
(Abd el-hack et al., 2020; Krysiak et al., 2021).
Multi-strain probiotics have shown promising
effect in improving feed intake, reducing
pathogenic load, improving egg quality and
increasing nutrient digestibility in layers (Jha
et al., 2020). Probiotics supplements are
microbes made from unique strains of bacteria
that have the ability to contribute greatly to
improving host’s health benefits (Krysiak ef
al., 2021). Probiotics properties and benefits
depends on the specific strains of bacteria
used in the manufacture, inclusion levels in
the diet and age of birds (Yang et al., 2009).
Probiotics have been shown to affect eggshell
quality parameters, mineral utilization rate
and increase production of volatile fatty acids
when bacteria such as  Lactobacillus,
Pediococcus, Bacillus, and Enterococcus are used
either in single or multi-strain state (Sjofjan et
al., 2021). Probiotics in poultry used as feed
supplements have positive impact on poultry
through modification of gut microflora,
improved digestive processes, enhance
chicken health status, lessening of nitrogenous

gas emissions, growth promotion and
competing with other microbes for active sites
(Hatab et al., 2016; Deng et al., 2020). Several
studies have shown that dietary probiotics
supplementation affects egg quality, increase
egg production, feed intake and FCR
(Mikulski et al., 2020; Xiang et al., 2019).
Different types of bacteria have been included
in different brands of probiotics some of
which  include;  Escherichia,  Prevotella,
Streptococcus, Clostridium, Enterococcus,
Bacillus and Lactobacillus species (Anee et al.,
2021). This study therefore focuses on
supplementation of ISA Brown laying hens’
diet with a commercially produced multi-
strain probiotic MolaPlus® that has four
bacterial strains i.e the Bacillus megaterium,
Bacillus subtilis, Cupriavidus metallidurans, and
Bacillus safensis (Atela et al., 2019). The
objective of these study was to determine the
effect of supplementation of a multi-strain
probiotic MolaPlus® on laying performance
and egg quality of ISA Brown birds.

Materials and methods

Study site and animal ethics

The research was conducted at the Poultry
unit of the department of Animal Production,
Faculty of Veterinary Medicine, University of
Nairobi located at Latitude 1°15'33.84"'S and
Longitude 36°43'30.828"'E. The experimental
procedure was approved by the faculty of
Veterinary Medicine Biosafety, Animal Use
and  Ethics Committee. Ref: FVM
BAUEC/2021/311.

Experimental layout, birds’, diet, probiotic
and management

In this study, 150 ISA Brown laying hens (65
wks) were assigned in a completely
randomized design to 5 treatment groups each
replicated 5 times. The 5 treatment groups
consisted of a control (Oml/L) and 4 levels of
probiotics in drinking water (2.5, 5, 10 and
15ml/L respectively). The hens were reared in
metallic battery cage with fitted feeding and
drinking troughs. Each cage held one bird and
each replicate 6 birds. The hens were
acclimatized to the experimental conditions
for one week (week-64) before commencing
data collection at week 65. The layers mash



experimental feed was purchased from a
reputable local feed manufacturer after
confirming that it was formulated to meet
nutritional standards (NRC, 1994) and KeBS,
2019 with a minimum of 2850Kcal/kg ME and
14-16% crude protein. A multi strain probiotic,
MolaPlus® containing four bacterial strains i.e.
Bacillus subtilis, Bacillus safensis, Bacillus
megaterium and Cupriavidus metallidurans was
obtained from a reputable supplier. The
probiotic for each treatment was measured
using a measuring cylinder and stirred
homogenously. The hens were exposed to
natural lighting for a relatively consistent
period of 12hours daily and house
temperature of 26°C in addition to proper
ventilation. Additionally, to ensure biosafety,
a footbath containing 10ml/L disinfectant
(Norbrook®) was placed at the entrance.

Data collection

All the hens were weighed weekly from week
1 to 5. Hen day egg production and water
intake were recorded daily for 5 weeks. Mean
daily feed intake was calculated weekly. The
eggs were collected twice daily from the hen
house at 8:00h and 17:00h. Egg weight, egg
specific gravity, egg yolk colour, eggshell
weight and eggshell thickness were
determined weekly. The mineral content of
the eggshell was determined thrice (First
week, 314 week and 5t week) while the feed
conversion ratio was calculated at the end of 5
weeks. The layers mash diet was sampled and
analysed for entire proximate content (dry
matter, moisture, crude protein, crude fibre,
ether extract, ash) and for Ca and P. ME
(metabolizable energy) was calculated using
the predictive equation below;
ME=9xEE+4 x CP +4 x NFE

Where; NFE = 100 - (CP + CF + EE + Ash)
(AOAC, 2016).

Table 1. Mean chemical composition (% DM) of the
layers mash fed to experimental birds

Components Layer Mash (%)
Dry Matter 91.37 £ 0.61
Crude Protein 15.05+£0.43
Crude fibre 1116 +1.44
Ether extract 4.79 £ 0.88
Ash 12.74 +1.32
Calcium 3.12+0.48
Phosphorus 0.54 £0.04
ME (Kcal/kg) * 2772 +73.86

*Calculated metabolizable energy

The chemical composition of the layer diet is
shown in Table 1. The layers mash had 91.37%
dry matter (DM), 15.05% crude protein (CP),
11.16% crude fibre (CF), 4.79% ether extract
(EE), 12.74% Ash, 3.12% calcium (Ca), 0.54%
phosphorus P) and 2772Kcal/kg
metabolizable energy (ME).

Performance evaluation and egg quality
determination

Hen day egg production data was obtained for
the entire period by using the formula;

% Hen day Egg Production =
(Number of eggs produced)/

(Number of live hens) x 100

Each treatment was mixed in a bucket and 3L
was provided to each replicate daily and
intake was determined daily by subtracting
refusal from initial and express for the entire
period. Each replicate was allocated a bucket
containing 9kg of layer mash diet per week
and consumption was determined weekly by
subtracting refusal from initial while feed
conversion ratio was determined using the
formula; Grams Feed intake/Grams Egg
Weight. Seventy-five eggs (3 eggs from each
replicate) were randomly sampled and
weighed weekly using a 0.0001g precision
analytical balance then used to determine the
specific gravity, yolk colour, eggshell weight,
eggshell thickness and mineral content of the
eggshells. The 75 sampled eggs were used to
determine the specific gravity (breaking
strength) after a saline solution was prepared
by dissolving specific amount of common salt
(NaCl) in three litres of water with specific
gravities ranging from 1.060 to 1.100g/cms
with gradient 0.005 (Butcher & Miles, 2017).



The 75 sampled eggs were broken carefully on
a flat white plate and egg yolk pigmentation
was determined visually using Roche Yolk
Colour Fan with colour scores ranging from 1
(light yellow) to 15 (deep yellow). After
breaking the egg carefully, and removing the
yolk and albumen, the shells were carefully
washed under running tap water to remove
any remaining traces of albumen. They were
then oven dried at 60°C for 12hours and left to
cool at room temperature after which they
were weighed using a 0.0001g precision
analytical balance. Using a 0.00lmm precision
micrometre screw gauge, the shell thickness
was measured at three locations on the egg (air
cell, equator and sharp end) and the mean
values represented the shell thickness. The
eggshell percentage was calculated by
dividing its weight over the egg weight and
expressed as a percentage as shown in the
formula below;

Eggshell % = [Weight of eggshell (g)/Egg
weight(g)] x 100

The eggshells from sampled eggs were
grounded into fine powder and ashed (to

separate the organic and inorganic matter).
The minerals were extracted via dry ashing,
filtered into a volumetric flask and topped up
with distilled water. Ca and P was then

determined by atomic absorption
spectrophotometer and UV-visible
spectrophotometer  respectively (AOAC,
2016).

Statistical analysis

All data obtained on performance and egg
quality were subjected to a one-way Analysis
of Variance (ANOVA) using GenStat
Statistical package version 14. Significant
treatment means were separated using
Turkey’s test and level of significance was set
at P <0.05.

Results

Laying Performance

The effect of inclusion of probiotics on the feed
intake, initial and final body weight, egg
weight, hen/day/egg production, FCR, water
intake and protein consumed are shown in
Table 2.

Table 2. Effects of inclusion of different levels of a multi-strain probiotic on layers performance

Parameters Prob0 Prob2.5 Prob5 Prob10 Prob15 SEM P-value
FI'(g/bird/day) 151.6 145.6 143.5 139.4 145.4 3.07 0.128
EW (g/egg) 67.82 68.61 68.63 67.99 68.30 0.866 0.948
IBW (g/bird) 2062.3 1922.3 1963.0 2057.6 2093.0 47.82 0.091
FBW (g/bird) 2088.7 2017.9 2006.6 1992.7 2087.9 37.97 0.247
HDEP (%) 94.48 92.38 94.76 88.38 95.43 2.357 0.246
FCR 2.24 2.12 2.09 2.05 2.13 0.054 0.193
WI (ml/bird/d) 341.7 341.2 337.9 341.6 347.5 13.59 0.992

Prob0: control, Prob2.5: 2.5ml/L, Prob5: 5ml/L, Prob10: 10ml/L, Prob15: 15ml/L, SEM- Standard Error of the
Mean. Means with no superscripts within a row are not significantly different (P > 0.05)
IFI- Feed Intake (as fed basis), EW- Egg Weight, IBW-Initial Body Weight, FBW- Final Body Weight, HDEP-

Hen Day egg production, FCR- Feed Conversion Ratio, WI- Water Intake

The average daily feed intake (FI) ranged from
139.4 to 151.6g/d and tended to be lower for
the probiotic fed groups but the difference was
non-significant (p = 0.128) compared to Prob0.
The mean egg weight (EW) ranged from 67.99
to 68.63g for treatment groups compared to
67.82 for the control. However, the differences

were not statistically significant (p = 0.948).
The  hen/day/egg  production, feed
conversion ratio (FCR) and water intake were
not significantly affected by treatment.
However, the FCR tended to decrease with
inclusion of probiotic. The protein consumed
(PC) was similar across all treatment, a
reflection of similar feed intake of constant
protein content.

Egg quality indices



The effect of inclusion of probiotic on specific
gravity, yolk colour (YC), shell thickness, shell

weight, eggshell %, and mineral (Ca & P)
content of the eggshells is shown in Table 3.

Table 3. Effects of inclusion of different levels of a multi-strain probiotic on layers egg quality

characteristics
Parameters Prob0 Prob2.5 Prob5 Prob10 Prob15 SEM P-value
SGl(g/cm3) 1.0892 1.089a 1.0872a 1.088a 1.0872 0.001 0.513
YC 13.24a 13.13a 13.28a 13.27a 13.132 0.140 0.896
SW (g) 6.4682 6.4652 6.3192 6.3892 6.3782 0.091 0.751
ST (mm) 0.452 0.45a 0.44a 0.44a 0.44a 0.004 0.150
Eggshell % 9.538a 9.424a 9.207a 9.399a 9.3402 0.103 0.278
Ca% 49.523b 50.793d 52.827¢ 49.789¢ 49.389a 0.018 <.001
P % 0.4732 0.491ab 0.531¢ 0.487ab 0.509be 0.006 <.001

Prob0: control, Prob2.5: 2.5ml/L, Prob5: 5ml/L, Prob10: 10ml/L, Prob15: 15ml/L, SEM- Standard Error of the

Mean

abede means having different superscripts within the same row differ significantly (P < 0.05)
1SG- Specific Gravity, YC- Yolk Colour, SW- Shell Weight, ST- Shell Thickness, Ca- Calcium, P- Phosphorus.

The mean egg specific gravity ranged from
1.087 to 1.089 for birds receiving probiotic
compared to 1.08920 in control, the difference
was not significant (P = 0.513). The YC ranged
from 13.13 to 13.28 for treatment groups
compared to 13.24 for control and were not
statistically significant (p = 0.896). The shell
weight of eggs from layers supplemented with
probiotic ranged from 6.3189 to 6.4647g
compared to 6.4680g for Prob0. The difference
was not statistically significant (P = 0.751). The
shell thickness of eggs from the supplemented
groups ranged from 0.44 to 0.45mm compared
to 0.45mm in control, the difference not being
significant (p = 0.15). The % eggshell ranged
between 9.207 to 9.424 in treatment groups
compared to 9.538 in control, with no
significant difference between treatment and
control (P = 0.278). The calcium content of the
eggshell was significantly different (p < 0.001)
across treatment groups compared to Prob0
with Prob5 recording the highest calcium
content. Treatment Prob15 recorded a slightly
but significantly lower Ca % compared to
control (Prob0). The phosphorus content of
the eggshells was highest for Prob5 (0.5311)
followed by Prob15 (0.5093), Prob2.5 (0.4907),

Prob10 (0.4865) and lowest for Prob0 (0.4731).
Prob5 and Prob15 were significantly higher (p
< 0.001) compared to Prob0O, Prob2.5 and
Prob10.

Discussion

The dry matter content was within the >90%
range recommended for layers mash diet.
High moisture feeds could lead to growth of
fungus resulting in mycotoxins contamination
(Mokubedi et al., 2019). The moisture content
was 8.63% which was lower than 10-12%
reported by Singh et al., (2019). The crude
protein content was within 14-16% range
recommended for layers mash (NRC, 1994;
KeBS, 2019). Crude protein content in layers
feed affects the egg production, egg weight
and size and is necessary for both feather
development and muscle growth (Van Emous
et al., 2015). The crude fibre was higher than
the minimum 8% recommended by KeBS.,
(2019). The crude fibre content was also higher
than 5.5% reported by Ekeocha et al., (2021)
and 4-6.25% reported by Olorunsogo et al.,
(2018) in layers ration. This higher fibre
content in the diet can be attributed to use of
cereal milling by-products in feed formulation
in the country (Zhang ef al., 2021). The higher
fibre content in layers mash could also have a
positive effect as has been reported to stabilize
the chicken guts, reduce the concentration of
ammonia in poultry houses and reduces the
numbers of dirty eggs collected (Desbruslais et
al., 2021). The ether extract (representing the



crude fat) was within the <6% recommended
by KeBS., (2019).

The ash content of the ration was in the range
of 11.9-17.6% reported by Ekeocha et al.,
(2021). Layer diets have considerable high ash
content due to the high requirement for
calcium which is provided through inclusion
of limestone in the rations. The calcium and
phosphorus content were within the range of
3.0 - 420% and 0.40-0.64% respectively,
reported by (Rizk et al., 2019; Yan et al., 2019).
Ca and P are the key macro minerals that play
a critical role in bone development,
mineralization and eggshell formation with
the former 94% and latter 1% in eggshell
(Aditya et al, 2021). The -calculated
metabolizable energy 2772Kcal/kg was
slightly lower than (2850Kcal/kg)
recommended by NRC., 1994.

Laying performance

Feed intake by layer birds is related to several
factors including genotype, temperature,
light, stocking density and feed additive used
(Erensoy et al.,, 2021). The mean daily feed
intake in this study ranged from 139.4 to
151.6g/day (as fed) which is equivalent to 127
to 138DM/d (on DM basis) and was not
affected by treatment. The DM intake in laying
birds has been reported to range between 125
to 135g/day (Lee et al., 2016; Wang et al., 2017;
Kim et al., 2020) which is within the range
observed in this study. Neijat et al., (2019)
observed an increase in feed intake when
layers diet was supplemented with low,
medium and high single strain Bacillus
subtilis by 4.21%, 6.24% and 1.56%
respectively at week-20. The researchers
attributed the increase to probiotic ability to
improve gut health that could mitigate
adverse stress effect. Antara et al., (2019) and
Bidura et al., (2019) observed no effect on feed
intake with probiotic supplementation in
layers diet. Fathi et al., (2018) reported a
decrease in feed intake in probiotic
supplemented diets by 5.92% and 1.18% when
200 and 400ppm Bacillus subtilis respectively
was supplemented compared to control
(Oppm supplemented) that recorded an
increase. Lack of significant effect on feed
intake in this study could be as a result of

probiotic not affecting the GI in a way that
could increase rate of feed passage.

The mean egg weight in this study was 68.25g.
Mean average egg weight for hybrid birds has
been reported to range between 53.62 to 70.87g
(Tang et al., 2017; Aalaei et al., 2019) which
agree with 68.25g observed in this study. Egg
weight tended to increase with probiotic
supplementation though not significantly
(p>0.05) different from control. Antara et al.,
(2019) reported an increase in egg weight by
425% and 4.35% when layers diet was
supplemented with (2% and 4% respectively)
fermented extract of Moringa oleifera by
probiotic Saccharomyces spp for 8 weeks. Ray
et al., (2022) also reported an increase (p<0.05)
with both single strain (5.37%) and multi-
strain probiotic (5.54%) supplementation in
layers diet. The researchers postulated the
increase was due to higher efficiency in
nutrient utilization in probiotic supplemented
groups. Yan et al., (2019) reported a decrease
in egg weight for all multi-strain probiotic
supplemented groups. Others reported no
effect on egg weight after probiotic
supplementation (Aalaei et al., 2018; Xiang et
al., 2019). Factors such as adhesion and
replication of bacteria in the small intestine,
the age of the birds, microbe species, single or
multi-strain, amount used and method used
can influence the positive effect of probiotics
on egg weight (Mikulski et al., 2012; Forte et al.,
2016).

The mean final body weight of the birds in this
study ranged from 1992.94 to 2088.72g/bird.
Final body weight of old hybrid layers has
been reported to be between 1943 to
2035g/bird (Hossain et al., 2016; Ray et al.,
2022) which is within the range observed in
this study. Inclusion levels of probiotic had no
effect on final body weight. Laying hens are
however not expected to gain weight as the
feed is wused for egg production and
maintenance.

The mean daily hen day egg production in this
study was in the range 88.38 to 95.43% with a
mean of 93.09%. The observed values fall
within the range 83.9 to 98.5% for hybrid hens
reported from other studies (Bozkurt et al.,



2011; Inatomi, 2016; Hameed et al., 2019). A
number of factors affects the hen day egg
production including feed intake, water
intake, age of birds and light intensity
(Philippe et al., 2020) which were kept constant
in this study. Antara et al., (2019) reported an
increase in egg production by 3.80% and
3.05% in treatment groups compared to
control when layers diet was supplemented
with 2 and 4% fermented extract of Moringa
oleifera by probiotic Saccharomyces spp from
week 70 to 78 of age. They attributed this to
microbes” ability to survive through the
digestion process, growth in the digestive
tract and ability to increase digestibility of
feed substances. In addition, Ray et al., (2022)
fed ISA Brown layers with 0.75, 1.00 and
1.25g/kg multi-strain probiotic in feed and
recorded a significant increase in egg
production by 9.1% compared to single strain
fed probiotic and control between 26 and 51
weeks of age. On the contrary, Yan et al., (2019)
reported that 0.5 and 2.0g/kg inclusion level
of probiotic tended to decrease hen day egg
production though not significantly compared
to control. Several studies have reported no
effect on egg production for birds fed on
probiotic supplemented diets (Aalaei ef
al.,2018; Fathi et al., 2018; Xiang et al., 2019).
Lack of effect in the current study on HDEP
could be attributed to similar feed intake and
probably lack of any effect on feed utilization
efficiency by the probiotic.

The ratio of grams of feed consumed to grams
of egg weight was calculated to obtain feed
conversion ratio (FCR). Since feed intake and
egg production were not affected, it was not
surprising that the FCR was not significantly
different amongst supplemented groups
compared to control. FCR in layers has been
reported to vary between 1.60 to 245
(Inatomi., 2016; Lokapirnasari et al., 2019;
Yenilmez et al., 2021) which agree with the
mean (2.13) observed in this study. FCR in
layers is influenced by several factors
including feed quality and management
practices. Mikulski et al., (2020) and Ray et al.,
(2022) reported an improved FCR (p<0.05)
with probiotic supplemented groups while
(Fathi et al., 2018; Yan et al., 2019) reported no
effect. Layers fed on balanced diet that meet

their nutritional requirement tended to
convert the feed more efficiently than
unbalanced diet (Thirumalaisamy et al., 2016).
In addition, the management welfare of the
birds such as protection from diseases
influences the FCR (Tsiouris, 2016). However,
in the current study, all factors were kept
constant. The slight, though not significant
increase in FCR which could be as a result of
the probiotics competitive exclusion of
pathogen through the production of lactic acid
and enzymes hence improved intestinal
epithelial barrier and nutrient absorption or
the probiotic enhancing health status thus
promoting metabolic processes of digestion
and nutrient utilization (Macit et al., 2021).

The average water intake in this study ranged
from 337.9 to 347.5ml/bird and was not
significantly affected by treatment (p = 0.992).
Several factors have been reported to affect
water intake in layers including bird age, feed
intake, dry matter content of feed and
temperature/heat stress (Orakpoghenor et al.,
2021). Pambuka et al., (2014) monitored water
intake for birds fed rations containing 0.15%
v/v, 030% v/v, and 045% v/v liquid
probiotic mixed culture (LPMC) via drinking
water and reported no effect of probiotic on
water intake. Feed intake and dry matter
content of the feed were all within the
required limit and thus didn’t affect water
intake. Pambuka et al., (2014) reported water
intake of 253 - 291ml/bird/day for layers
birds which is lower than this study. The
layers used in their study were younger (52-
weeks old) compared to those in this study
(65-weeks old) which could explain the
difference. The lack of significance in water
intake between the birds meant that the
probiotic intake via water was at the
calculated ratios for different diets.

Egg quality indices

Several factors have been reported to affect
layers external egg quality including; bird age,
induced moult, nutrition, heat stress, diseases
and production system (Roberts., 2004) but
none of these varied in the current study.
There was no effect of treatment on the egg
specific gravity in this study. The specific
gravity of an egg gives an indication of



eggshell quality with respect to its freshness
(Malfatti et al., 2021). The observed mean in
this study fell within the range 1.077 to
1.10g/cms reported when probiotics were
included in layer diets (Kurtoglu et al., 2004;
Mikulski et al., 2012). Mikulski et al., (2012)
reported a significantly higher egg specific
gravity when dietary single strain probiotic
(Pediococcus acidilactici) was supplemented in
layers diet. The improvement was however
attributed to bacteria improving the
morphological structure of the small intestine
mucosa thus increase absorption of nutrients.
On the contrary, other studies where laying
birds were fed on different dietary levels of
probiotics reported no significant treatment
effect on egg specific gravity (Yan et al., 2019;
Mikulski et al., 2020). Lack of treatment effect
in the current study could attributed to
commercial diet sufficient in mineral elements
(Ca &P) required for eggshell strength and
probiotic not affecting the GI in a way that
could increase the rate of feed passage.

Yolk colour in layers chicken eggs is affected
primarily by the presence of carotenoids
(xanthophylls, lutein and zeaxanthin) in their
diets (Marounek and Pebriansyah, 2018;
Kavtarashvili et al., 2019). Mean egg yolk
colour score in this study range was 13.13 to
13.28. Yolk colour index in layers can range
between 0 to 15 (Vuilleumier, J.P., 1969), the
lighter colour being for diets deficient in
carotenoids (will lead to a pale-yellow
coloration in the yolk) while carotenoid rich
diets will lead to a deep yellow coloration as
in the case of this current study. Antara et al.,
(2019) and Macit et al., (2021) reported an
increase in yolk colour score by 17.27% vs
19.24% and 8.44% vs 7.54% respectively in
probiotic supplemented groups compared to
control while (Aalaei et al., 2018; Fathi et al.,
2018; Ray et al., 2022) reported no effect of
probiotic supplementation on yolk colour.
Neijat et al., (2019) reported a decrease in yolk
colour score by 7.69% when high single strain
Bacillus subtilis was supplemented in layers
diet which was attributed to the temporal
variation in the dosage of probiotic used in the
study. Lack of effect in the current study could
be attributed to sufficient carotenoids present
in the diet.

The inclusion of probiotic had no significant
effect on eggshell weight. The observed range
of shell weight (6.3 to 6.5g) in this study fell
within the range 4.7 to 6.5g reported by
several authors when layer chickens were fed
incremental levels of probiotics
(Gnanadesigan et al., 2014; Fathi et al., 2018;
Sarfo et al., 2019; Kinati et al., 2021). Fathi et al.,
(2018) reported an increase in eggshell weight
by 4% when 200 and 400ppm probiotics were
supplemented in layers diet. The increase was
attributed to increase intestinal availability of
calcium and eventual deposition in shells.
Similar to the current study, several authors
have reported mno effect of probiotic
supplementation on eggshell weight (Neijat et
al., 2019; Macit et al., 2021; Yan et al., 2019;
Yang et al., 2020). Lack of treatment effect on
eggshell weight could be attributed to
sufficient amount of mineral (Ca & P) in the
commercial diet which was efficiently utilized
for improved eggshell quality.

Inclusion of probiotic had no significant effect
on eggshell thickness. The eggshell plays an
important role in protecting the egg from
physical and pathogenic damage and is
affected primary by nutrition (Ca & P content
in the diet) (Robert, 2004). The average
eggshell thickness in this study ranged from
0.44 to 0.45mm and was within the reported
range of 0.35 to 0.51mm (Aalaei et al., 2018;
Fathi et al., 2018). Bidura et al., (2019) reported
a significant increase in eggshell thickness by
18.26% and 23.53% when 0.20% and 0.30%
Saccharomyces  spp  probiotic =~ were
incorporated in ducks’ diet respectively. Ray
et al., (2022) reported a significant increase in
shell thickness in both single strain and multi-
strain probiotic treated groups at week-37 of
laying (11.11% vs 16.67% respectively) and
week-49 of laying (5% vs 5% respectively)
compared to control. The researchers
attributed the increase to bacteria proliferation
in the gut thus increasing rate of fermentation
and fatty acid production that reduce luminal
pH which improved calcium solubility and
promoted absorption. In addition, Mikulski et
al., (2020) and Fathi et al., (2018) reported a
significant increase by 1.68% and 2.77%
respectively on eggshell thickness in probiotic
supplemented groups. They attributed it to



probiotic  ability to enhance calcium
absorption and retention. Other studies have
reported no effect of probiotic
supplementation on eggshell thickness (Xu et
al., 2006; Aalaei et al., 2018).

There was no significant effect of inclusion of
probiotic on eggshell % (weight of eggshell
relative to whole egg) as shown in Table 3. The
eggshell % as with other eggshell qualities, is
affected by age, nutrition, heat stress and
diseases and serves as an indicator of
sufficiency of mineral deposition in the shell
relative to its weight. The average eggshell %
in this study ranged between 9.21 to 9.54 and
was within the range 9.79 to 11.86 for different
studies where laying chicken were fed various
diets (Shalaei et al, 2014, Sobczak &
Kozlowski., 2015). Fathi et al., (2018) reported
a significant increase in contribution of egg
shell to egg weight (7.37%) when 200 and
400ppm probiotics were incorporated in
layers diet. Milkuski et al., (2012) reported a
significant higher shell % when dietary single
strain probiotic (Pediococcus acidilactici) was
supplemented in layers diet during layer
phase 1. The increase in shell percent was
attributed to probiotic ability to improve
physiological condition of digestion and gut
health (intestinal absorption). In addition,
Ray et al, (2022) reported a significantly
higher shell percent (7.36%) at week-37 in
multi-strain fed birds while at week-49 both
single and multi-strain improved shell percent
(2.35 and 2.35% respectively). Several studies
have reported mno effect of probiotic
supplementation on eggshell percent (Shalaei
et al., 2014; Manafi et al., 2016; Yan et al., 2019).

The effect of inclusion of probiotic on mineral
(Ca & P) content of the eggshells was
significant and is shown in Table 3. The mean
eggshell calcium content in this study was in
the range of 49.39 to 52.83% which increased
with inclusion of probiotics (except Probl15)
while phosphorus was between 0.47 to 0.53%
and also increased with inclusion of probiotic.
Eggshell Ca and P content can be affected by
principally by dietary content of calcium and
phosphorus as they are important macro
minerals for the shells. The observed values
are however higher than 30.87 to 37.63% for

calcium and 0.12 to 0.15% for phosphorus fed
on probiotics (Abdelgader et al., 2013; Bidura
et al., 2019; Wang et al., 2021). This could be
attributed to the use of a single strain of
bacteria in those studies while in the current
study a multi-strain was used. Abdelqader et
al., (2013) reported a significant increase in
calcium content of the shells when probiotics
(1g/kg vs 19.65% increase), prebiotics (1g/kg
vs 36.99% increase) and synbiotics (1g/kg vs
38.73% increase) were fed to aged layers (64-
weeks) compared to control. Wang et al.,
(2021) reported no effect on P content of the
eggshell but Ca content of eggshell was
significantly increased (8.25%) when Bacillus
subtilis was supplemented to aged layers (79
weeks). In addition, Bidura et al., (2019)
reported a significant increase of Ca content of
eggshell by 17.28% and 16.85% when 0.20%
and 0.30% Saccharomyces spp were
incorporated in ducks’ diet respectively.
Increase mineral content of eggshell could be
attributed to probiotic efficacy in increasing
intestinal Ca and P availability, absorption
and eventual deposition in eggshells (Zou et
al., 2021). It has however been reported that
calcium and phosphorus mineral salts require
a low pH for solubility which was further
enhanced by probiotic supplementation
leading to ionization of the minerals and
eventual absorption and deposition in
eggshells (Soetan ef al., 2010; Likittrakulwong
et al., 2021). From this study and others, it can
be concluded that dietary manipulation
through probiotics supplementation is
effective in improving mineralization of

eggshells.
Conclusion

It was concluded that supplementation of
laying birds with probiotics up to 15ml/L in
drinking water had no significant effect on
performance, and egg quality but increased
Ca and P deposition in the eggshells.

Multi-strain probiotics (MolaPlus®) can be
supplemented in layers diet via drinking
water to improve mineralization of shells
which is significant.

References



Aalaei,

Aalaei,

M., Khatibjoo, A., Zaghari, M,
Taherpou, K., Akbari-Gharaei, M., &
Soltani, M. (2019). Effect of single-and
multi-strain probiotics on broiler
breeder performance, immunity and

intestinal toll-like receptors
expression. Journal of Applied Animal
Research, 47(1), 236-242.

https:/ /doi.org/10.1080/09712119.20
19.1618311

M., Khatibjoo, A., Zaghari, M.,
Taherpour, K., Akbari Gharaei, M., &
Soltani, M. (2018). Comparison of
single-and ~multi-strain  probiotics
effects on broiler breeder
performance, egg production, egg
quality —and  hatchability. British
poultry science, 59(5), 531-538.
https:/ /doi.org/10.1080/00071668.20
18.1496400

Abd El-Hack, M. E., El-Saadony, M. T., Shafi,

M. E., Qattan, S. Y., Batiha, G. E,,
Khafaga, A. F., ... & Alagawany, M.
(2020). Probiotics in poultry feed: A
comprehensive review. Journal of
animal  physiology  and  animal
nutrition, 104(6), 1835-1850.
https:/ /doi.org/10.1111/jpn.13454

Abdelgader, A., Al-Fataftah, A. R., & Das, G.

(2013). Effects of dietary Bacillus
subtilis and inulin supplementation
on performance, eggshell quality,
intestinal morphology and microflora
composition of laying hens in the late
phase of production. Animal Feed
Science and Technology, 179(1-4), 103-
111.

https:/ /doi.org/10.1016/j.anifeedsci.
2012.11.003

Aditya, S., Stephen, J., & Radhakrishnan, M.

(2021). Utilization of eggshell waste in
calcium-fortified foods and other

industrial applications: A
review. Trends in Food Science &
Technology, 115, 422-432.

https:/ /doi.org/10.1016/].tifs.2021.0
6.047

Anee, I. ], Alam, S., Begum, R. A., Shahjahan,

R. M., & Khandaker, A. M. (2021). The
role of probiotics on animal health
and nutrition. The Journal of Basic and
Applied Zoology, 82(1), 1-16.

https:/ /doi.org/10.1186/541936-021-
00250-x

Antara, I. K. ], Bidura, I. G. N. G., & Siti, N. W.

(2019). Effects of Moringa oleifera leaf
and probiotics mixed fermented
extract on the egg production and
cholesterol contents in egg of laying
hens. International Journal of Fauna and
Biological Studies, 6(5), 06-12.

AOAC, 2016: Official Methods of Analysis of

AOAC INTERNATIONAL, 20t
Edition, 2-volume set.

Atela, J. A., Mlambo, V., & Mnisi, C. M. (2019).

A multi-strain probiotic administered
via drinking water enhances feed
conversion efficiency and meat
quality  traits in  indigenous
chickens. Animal nutrition, 5(2), 179-
184.

https:/ /doi.org/10.1016/j.aninu.2018
.08.002

Beshara, M. M., & Ayman, A. (2019). Effect of

dietary probiotic supplementation
during rearing period on subsequent
laying performance of local laying
hens. Egyptian Poultry Science
Journal, 39(3), 625-637.

Bidura, I. G. N. G,, Siti, N. W., Candrawati, D.

P.M. A,, Puspani, E., & Partama, I. B.
G. (2019). Effect of Probiotic
Saccharomyces spp. on Duck Egg
Quality Characteristics and Mineral
and Cholesterol Concentrations in
Eggshells and Yolks. Pakistan Journal
of Nutrition, 18(11), 1075-1083.
https:/ /doi.org/10.3923 /pin.2019.10
75.1083.

Bozkurt, M., Kigtikyilmaz, K., Ayhan, V.,

Cabuk, M., & Ugur Catli, A. (2011).
Performance of layer or broiler
breeder hens varies in response to

different probiotic
preparations. Italian Journal of Animal
Science, 10(3), e31.

https:/ /doi.org/10.4081 /ijas.2011.e3
1

Butcher, G.D., & Miles, RD. (2017). Egg

specific ~ gravity:  designing a
monitoring program. Florida
Cooperative Extension Service,
Institute of Food and Agricultural


https://doi.org/10.1080/09712119.2019.1618311
https://doi.org/10.1080/09712119.2019.1618311
https://doi.org/10.1080/00071668.2018.1496400
https://doi.org/10.1080/00071668.2018.1496400
https://doi.org/10.1111/jpn.13454
https://doi.org/10.1016/j.anifeedsci.2012.11.003
https://doi.org/10.1016/j.anifeedsci.2012.11.003
https://doi.org/10.1016/j.tifs.2021.06.047
https://doi.org/10.1016/j.tifs.2021.06.047
https://doi.org/10.1186/s41936-021-00250-x
https://doi.org/10.1186/s41936-021-00250-x
https://doi.org/10.1016/j.aninu.2018.08.002
https://doi.org/10.1016/j.aninu.2018.08.002
https://doi.org/10.3923/pjn.2019.1075.1083
https://doi.org/10.3923/pjn.2019.1075.1083
https://doi.org/10.4081/ijas.2011.e31
https://doi.org/10.4081/ijas.2011.e31

Sciences, University of Florida.
https:/ /edis.ifas.ufl.edu/vm044.

Deng, W., Dittoe, D. K, Pavilidis, H. O,,

Chaney, W. E,, Yang, Y., & Ricke, S. C.
(2020). Current perspectives and
potential of probiotics to limit
foodborne Campylobacter in
poultry. Frontiers in Microbiology, 11,
583429.

https:/ /doi.org/10.3389/fmich.2020.

583429.

Desbruslais, A., Wealleans, A., Gonzalez-

Sanchez, D., & di Benedetto, M.
(2021). Dietary fibre in laying hens: a
review of effects on performance, gut
health and feather pecking. World's
Poultry Science Journal, 77(4), 797-823.
https:/ /doi.org/10.1080/00439339.20
21.1960236.

Ekeocha, A. H., Aganga, A. A., Odumboni, A.

A, & Ayoola, S. K. (2021).
Comparative  Studies of Three
Commercial Layers Feeds on Layers
Performance and Egg Qualities
Parameters. JASAE, 17(3).

Erensoy, K., Sarica, M., Noubandiguim, M.,

Dur, M., & Aslan, R. (2021). Effect of
light intensity and stocking density on
the performance, egg quality, and
feather condition of laying hens
reared in a battery cage system over
the first laying period. Tropical Animal
Health and Production, 53(2), 1-13.
https:/ /doi.org/10.1007/s11250-021-
02765-5.

FAOSTAT. (2021). World Food and

Agriculture - Statistical Yearbook
2021. FAO.
https:/ /doi.org/10.4060/cb4477en

Fathi, M., Al-Homidan, 1., Al-Dokhail, A.,

Ebeid, T., Abou-Emera, O. &
Alsagan, A. (2018). Effects of dietary
probiotic (Bacillus subtilis)
supplementation on  productive
performance, immune response and
egg quality characteristics in laying

hens under high ambient
temperature. Italian journal of animal
science, 17(3), 804-814.

https:/ /doi.org/10.1080/1828051X.2
018.1425104.

Forte, C., Acuti, G., Manualj, E., Proietti, P. C.,

Pavone, S., Trabalza-Marinucci, M, ...
& Franciosini, M. P. (2016). Effects of
two  different  probiotics  on
microflora, morphology, and
morphometry of gut in organic laying
hens. Poultry  Science, 95(11), 2528-
2535.

https:/ /doi.org/10.3382/ps/pew164.

Glasgow, L., Forde, M., Brow, D., Mahoney,

C., Fletcher, S., & Rodrigo, S. (2019).
Antibiotic use in poultry production
in  Grenada. Veterinary — medicine
international, 2019.

https:/ /doi.org/10.1155/2019 /67851
95.

Gnanade_sigan, M., Isabella, S., Saritha, P.,

Ramkumar, L., Manivannan, N., &
Ravishankar, R. (2014). Quality
evaluation of egg composition and
productivity of layers in EM (Effective
Microorganisms) treatments: A field
report. Eqyptian journal of basic and
applied  sciences, 1(3-4),  161-166.
https:/ /doi.org/10.1016/j.ejbas.2014.
06.003.

Hameed, R., Tahir, M., Khan, S. H., & Igbal, A.

J. (2019).  Effect of  yeast
supplementation on  production
parameters, egg quality
characteristics and crude protein

digestibility in hens. Advancements in
Life Sciences, 6(4), 147-151.

Hatab, M. H., Elsayed, M. A., & Ibrahim, N. S.

(2016). Effect of some biological
supplementation on  productive
performance,  physiological and
immunological response of layer
chicks. Journal of Radiation Research
and Applied Sciences, 9(2), 185-192.
https:/ /doi.org/10.1016/j.jrras.2015.
12.008.

Hossain, M. M., Asaduzzaman, M., Asad, L.,

Akter, M., & Rahman, A. N. M. L
(2016). Use of black cumin in layer
diet as cholesterol lowering agents in
egg yolk. International Journal of
Animal Resources, 1(1), 61-68.

Inatomi, T. (2016). Laying performance,

immunity and digestive health of
layer chickens fed diets containing a


https://edis.ifas.ufl.edu/vm044
https://doi.org/10.3389/fmicb.2020.583429
https://doi.org/10.3389/fmicb.2020.583429
https://doi.org/10.1080/00439339.2021.1960236
https://doi.org/10.1080/00439339.2021.1960236
https://doi.org/10.1007/s11250-021-02765-5
https://doi.org/10.1007/s11250-021-02765-5
https://doi.org/10.4060/cb4477en
https://doi.org/10.1080/1828051X.2018.1425104
https://doi.org/10.1080/1828051X.2018.1425104
https://doi.org/10.3382/ps/pew164
https://doi.org/10.1155/2019/6785195
https://doi.org/10.1155/2019/6785195
https://doi.org/10.1016/j.ejbas.2014.06.003
https://doi.org/10.1016/j.ejbas.2014.06.003
https://doi.org/10.1016/j.jrras.2015.12.008
https://doi.org/10.1016/j.jrras.2015.12.008

combination of three probiotics. Sci.
Postprint, 1(2), e00058.

Jha, R, Das, R., Oak, S., & Mishra, P. (2020).
Probiotics (direct-fed microbials) in
poultry nutrition and their effects on
nutrient utilization, growth and
laying performance, and gut health: a
systematic  review. Animals, 10(10),
1863.
https:/ /doi.org/10.3390/ani1010186
3.

Kavtarashvili, A. S., Stefanova, 1. L., & Svitkin,
V. S, (2019). Functional egg
production. III. The role of the
carotenoids. Agricultural
Biology, 54(4), 681-693.

KeBS. (2019). The animal feed industry- Code
of practice. Retrieved from Kenya
Bureau of Standards.
http:/ /www kebs.org.

Kim, D. H., Lee, Y. K,, Lee, S. D., Kim, S. H.,
Lee, S. R, Lee, H. G., & Lee, K. W.
(2020). Changes in production
parameters, egg qualities, fecal
volatile fatty acids, nutrient
digestibility, and plasma parameters
in laying hens exposed to ambient
temperature. Frontiers in Veterinary

Science, 7, 412.
https:/ /doi.org/10.3389/fvets.2020.0
0412.

Kinati, C., Ameha, N., Girma, M., & Nurfeta,
A. (2021). Efective microorganisms,
turmeric (Curcuma longa) as feed
additives on production performance
and sensory evaluation of eggs from
White  Leghorn  hens. Livestock
Research for Rural Development, 33(1).

Krysiak, K., Konkol, D., & Korczynski, M.
(2021). Overview of the use of
probiotics in poultry
production. Animals, 11(6), 1620.
https://doi.org/10.3390/ani1106162
0.

Kurtoglu*, V., Kurtoglu, F., Seker, E., Coskun,
B., Balevi, T., & Polat, E. S. (2004).
Effect of probiotic supplementation
on laying hen diets on yield
performance and serum and egg yolk
cholesterol. Food additives and
contaminants, 21(9), 817-823.

https:/ /doi.org/10.1080/0265203031
0001639530.

Lee, M. R., Parkinson, S. Fleming, H. R,
Theobald, V. J.,, Leemans, D. K., &
Burgess, T. (2016). The potential of
blue lupins as a protein source, in the
diets of laying hens. Veterinary and

Animal Science, 1, 29-35.
https://doi.org/10.1016/j.vas.2016.1
1.004.

Likittrakulwong, W., Moonsatan, S., &
Incharoen, T. (2021). Enhancement of
tibia bone and eggshell hardness
through the supplementation of bio-
calcium derived from fish bone mixed
with chelated trace minerals and
vitamin D3 in laying duck
diet. Veterinary and Animal Science, 14,
100204.
https:/ /doi.org/10.1016/j.vas.2021.1
00204.

Lokapirnasari, W. P., Pribadi, T. B., Al Arif, A.,
Soeharsono, S., Hidanah, S., Harijani,
N., ... & Yulianto, A. B. (2019). Potency
of probiotics Bifidobacterium spp.
and Lactobacillus casei to improve
growth performance and business
analysis in organic laying
hens. Veterinary World, 12(6), 860-867.
https:/ /doi.org/10.14202 /vetworld.2
019.860-867.

Macit, M., Karaoglu, M., Celebi, S., Esenbuga,
N., Yoruk, M. A, & Kaya, A. (2021).
Effects of supplementation of dietary
humate, probiotic, and their
combination on performance, egg
quality, and yolk fatty acid
composition of laying hens. Tropical
Animal Health and Production, 53(1), 1-
8. https://doi.org/10.1007/s11250-
020-02546-6.

Malfatti, L. H., Zampar, A., Galvao, A. C., da
Silva Robazza, W., & Boiago, M. M.
(2021). Evaluating and predicting egg
quality indicators through principal
component analysis and artificial
neural networks. LIWT, 148, 111720.
https://doi.org/10.1016/j.I1wt.2021.1
11720.

Manafi, M., Khalaji, S., & Hedayati, M. (2016).
Assessment of a probiotic containing
Bacillus subtilis on the performance



https://doi.org/10.3390/ani10101863
https://doi.org/10.3390/ani10101863
http://www.kebs.org/
https://doi.org/10.3389/fvets.2020.00412
https://doi.org/10.3389/fvets.2020.00412
https://doi.org/10.3390/ani11061620
https://doi.org/10.3390/ani11061620
https://doi.org/10.1080/02652030310001639530
https://doi.org/10.1080/02652030310001639530
https://doi.org/10.1016/j.vas.2016.11.004
https://doi.org/10.1016/j.vas.2016.11.004
https://doi.org/10.1016/j.vas.2021.100204
https://doi.org/10.1016/j.vas.2021.100204
https://doi.org/10.14202/vetworld.2019.860-867
https://doi.org/10.14202/vetworld.2019.860-867
https://doi.org/10.1007/s11250-020-02546-6
https://doi.org/10.1007/s11250-020-02546-6
https://doi.org/10.1016/j.lwt.2021.111720
https://doi.org/10.1016/j.lwt.2021.111720

and gut health of laying Japanese
quails (Coturnix coturnix
Japonica). Brazilian Journal of Poultry
Science, 18, 599-606.
https:/ /doi.org/10.1590/1806-9061-
2016-0220.

Marounek, M., & Pebriansyah, A. (2018). Use
of carotenoids in feed mixtures for
poultry: a review. Agricultura Tropica
et Subtropica, 51(3), 107-111.

Mikulski, D. 1., Jankowski, J., Naczmanski, J.,
Mikulska, M., & Demey, V. (2012).
Effects of  dietary  probiotic
(Pediococcus acidilactici)
supplementation on performance,
nutrient digestibility, egg traits, egg
yolk cholesterol, and fatty acid profile
in laying hens. Poultry science, 91(10),
2691-2700.
https:/ /doi.org/10.3382/1ps.2012-
02370.

Mikulski, D., Jankowski, J., Mikulska, M., &
Demey, V. (2020). Effects of dietary
probiotic (Pediococcus acidilactici)
supplementation on  productive
performance, egg quality, and body
composition in laying hens fed diets
varying in energy density. Poultry

science, 99(4), 2275-2285.
https:/ /doi.org/10.1016/7.psj.2019.11
.046.

Mokubedi, S. M., Phoku, J. Z., Changwa, R. N.,
Gbashi, S., & Njobeh, P. B. (2019).
Analysis of mycotoxins
contamination in poultry feeds
manufactured in selected provinces of
South  Africa using UHPLC-

MS/MS. Toxins, 11(8), 452.
https:/ /doi.org/10.3390/toxins11080
452.

Mottet, A., & Tempio, G. (2017). Global
poultry production: current state and
future outlook and
challenges. World's ~ Poultry  Science
Journal, 73(2), 245-256.

National Research Council (1994). Nutrient
Requirements of Poultry, 9t Revised
Edition. NAS-NRC, Washington, D.C.
https:/ /doi.org/10.17226/2114.

Neijat, M., Shirley, R. B., Barton, ]., Thiery, P.,
Welsher, A., & Kiarie, E. (2019). Effect
of dietary supplementation of Bacillus

subtilis DSM29784 on  hen
performance, egg quality indices, and
apparent retention of dietary
components in laying hens from 19 to
48 weeks of age. Poultry
Science, 98(11), 5622-5635.
https:/ /doi.org/10.3382/ps/pez324.

Olorunsogo, A., & Animashaun, 1. M. (2018).
Formulating Poultry Feeds from Food
Processing By-Products.

Orakpoghenor, O., Ejum Ogbuagu, N. &
Sa’ldu, L. (2021). Effect of
Environmental = Temperature on
Water Intake in Poultry. In Advances
in  Poultry  Nutrition  Research.
IntechOpen.
https:/ /doi.org/10.5772 /intechopen.
95695.

Pambuka, S. R., Sjofjan, O., & Radiati, L. E.
(2014). Effect of liquid probiotics
mixed culture supplements through
drinking water on laying hens’
performance and yolk
cholesterol. Journal Of World’s Poultry
Research, 4(1), 05-09.

Philippe, F. X., Mahmoudi, Y., Cing-Mars, D.,
Lefrancois, M., Moula, N., Palacios, J.,
... & Godbout, S. (2020). Comparison
of egg production, quality and
composition in three production
systems for laying hens. Livestock

Science, 232, 103917.
https:/ /doi.org/10.1016/j.livsci.2020.
103917.

Ray, B. C., Chowdhury, S. D., Das, S. C., Dey,
B., Khatun, A., Roy, B. C., & Siddik, M.
A. (2022). Comparative effects of
feeding  single-and  multi-strain
probiotics to commercial layers on the
productive performance and egg
quality indices. Journal of Applied
Poultry ~ Research, 31(3), 100257.
https://doi.org/10.1016/j.japr.2022.1
00257.

Rizk, Y. S., Beshara, M M, & Al-Mwafy, A. A.
(2019). EFFECT OF DIETARY
PROBIOTIC SUPPLEMENTATION
DURING REARING PERIOD ON
SUBSEQUENT LAYING
PERFORMANCE OF LOCAL
LAYING HENS. Egyptian Poultry



https://doi.org/10.1590/1806-9061-2016-0220
https://doi.org/10.1590/1806-9061-2016-0220
https://doi.org/10.3382/ps.2012-02370
https://doi.org/10.3382/ps.2012-02370
https://doi.org/10.1016/j.psj.2019.11.046
https://doi.org/10.1016/j.psj.2019.11.046
https://doi.org/10.3390/toxins11080452
https://doi.org/10.3390/toxins11080452
https://doi.org/10.17226/2114
https://doi.org/10.3382/ps/pez324
https://doi.org/10.5772/intechopen.95695
https://doi.org/10.5772/intechopen.95695
https://doi.org/10.1016/j.livsci.2020.103917
https://doi.org/10.1016/j.livsci.2020.103917
https://doi.org/10.1016/j.japr.2022.100257
https://doi.org/10.1016/j.japr.2022.100257

Science  Journal, 39(3), 625-637.
http:/ /www.epsj.journals.ekb.eg/ .

Roberts, J. R. (2004). Factors affecting egg
internal quality and egg shell quality
in laying hens. The Journal of Poultry
Science, 41(3), 161-177.
https:/ /doi.org/10.2141/ijpsa.41.161.

Sarfo, G. K., Hamidu, J. A. Larbi, A, &
Donkoh, A. (2019). Effect of direct fed
microbial in layer diets, on egg laying
performance and health response of
indigenous Ghanaian guinea fowls
(Numida meleagris). Poultry
science, 98(1), 227-235.
https:/ /doi.org/10.3382/ps/pey352.

Shalaei, M., Hosseini, S. M., & Zergani, E.
(2014). Effect of different supplements
on eggshell quality, some
characteristics of gastrointestinal tract
and  performance of laying
hens. Veterinary research forum: an
international  quarterly  journal, 5(4),
277-286.

Singh, T., Sharma, M., & Singh, G. (2019).
Performance of different commercial
layer feeds on egg production in hens
during summer. Journal of Krishi
Vigyan, 7(2), 184.

Sjofjan, O., Adli, D. N., Sholikin, M. M.,
Jayanegara, A., & Irawan, A. (2021).
The effects of probiotics on the
performance, egg quality and blood
parameters of laying hens: A meta-
analysis. Journal of Animal and Feed

Sciences, 30(1), 11-18.
https:/ /doi.org/10.22358 /jafs /13343
2/2021.

Sobczak, A., & Kozlowski, K. (2015). The effect
of a probiotic preparation containing
Bacillus subtilis ATCC PTA-6737 on
egg production and physiological
parameters of laying hens. Annals of
Animal Science, 15(3), 711-723.
https:/ /doi.org/10.1515/aoas-2015-
0040.

Soetan, K. O., Olaiya, C. O., & Oyewole, O. E.
(2010). The importance of mineral
elements for humans, domestic
animals and plants: A review. African
Journal of Food Science, 4(5), 200-222.
http:/ /www.academicjournals.org/a

ifs.

Tang, S. G. H., Sieo, C. C., Ramasamy, K.,
Saad, W.Z., Wong, H. K., & Ho, Y. W.
(2017). Performance, biochemical and
haematological ~ responses,  and
relative organ weights of laying hens
fed diets supplemented with

prebiotic, probiotic and
synbiotic. BMC veterinary
research, 13(1), 1-12.
https:/ /doi.org/10.1186/512917-017-
1160-y.

Thirumalaisamy, G., Muralidharan, ],
Senthilkumar, S., Sayee, R. H.,, &
Priyadharsini, M. (2016). Cost-
effective feeding of
poultry. International Journal of Science,
Environment and  Technology, 5(6),
3997-4005.

Tsiouris, V. (2016). Poultry management: a
useful tool for the control of necrotic

enteritis in poultry. Avian
Pathology, 45(3), 323-325.
https:/ /doi.org/10.1080/03079457.20
16.1154502.

Van Emous, R. A. Kwakkel, R. P., Van
Krimpen, M. M., Van den Brand, H.,
& Hendriks, W. H. (2015). Effects of
growth patterns and dietary protein
levels during rearing of broiler
breeders on fertility, hatchability,
embryonic mortality, and offspring
performance. Poultry  Science, 94(4),
681-691.
https:/ /doi.org/10.3382/ps/pev024.

Van, T. T. H., Yidana, Z., Smooker, P. M., &
Coloe, P. J. (2020). Antibiotic use in
food animals worldwide, with a focus
on Africa: Pluses and minuses. Journal
of global antimicrobial resistance, 20,
170-177.
https:/ /doi.org/10.1016/j.jgar.2019.0
7.031.

Vuilleumier, J. P. (1969). The ‘Roche Yolk
Colour Fan ‘—An Instrument for
Measuring  Yolk  Colour. Poultry
Science, 48(3), 767-779.
https://doi.org/10.3382/ps.0480767.

Wang, J., Qiu, L., Gong, H., Celi, P, Yan, L,
Ding, X, ... & Zhang, K. (2020). Effect
of dietary 25-hydroxycholecalciferol
supplementation and high stocking
density on performance, egg quality,



http://www.epsj.journals.ekb.eg/
https://doi.org/10.2141/jpsa.41.161
https://doi.org/10.3382/ps/pey352
https://doi.org/10.22358/jafs/133432/2021
https://doi.org/10.22358/jafs/133432/2021
https://doi.org/10.1515/aoas-2015-0040
https://doi.org/10.1515/aoas-2015-0040
http://www.academicjournals.org/ajfs
http://www.academicjournals.org/ajfs
https://doi.org/10.1186/s12917-017-1160-y
https://doi.org/10.1186/s12917-017-1160-y
https://doi.org/10.1080/03079457.2016.1154502
https://doi.org/10.1080/03079457.2016.1154502
https://doi.org/10.3382/ps/pev024
https://doi.org/10.1016/j.jgar.2019.07.031
https://doi.org/10.1016/j.jgar.2019.07.031
https://doi.org/10.3382/ps.0480767

and tibia quality in laying
hens. Poultry science, 99(5), 2608-2615.
https:/ /doi.org/10.1016/.psj.2019.12
.054.

Wang, J., Wang, W. W,, Qi, G. H,, Cui, C. F,,
Wu, S. G, Zhang, H. ], & Xu, L.
(2021). Effects of dietary Bacillus
subtilis supplementation and calcium
levels on performance and eggshell
quality of laying hens in the late phase
of production. Poultry Science, 100(3),
100970.
https:/ /doi.org/10.1016/1.psj.2020.12
.067.

Wang, X. C., Zhang, H. J.,, Wang, H., Yue, H.
Y., Wang, J.,, Wu, S. G, & Qi, G. H.
(2017). Effect of different protein
ingredients on performance, egg
quality, organ health, and jejunum
morphology of laying hens. Poultry
science, 96(5), 1316-1324.
https:/ /doi.org/10.3382/ps/pew396.

Xiang, Q., Wang, C., Zhang, H., Lai, W., Wei,
H., & Peng, ]. (2019). Effects of
different  probiotics on laying
performance, egg quality, oxidative
status, and gut health in laying
hens. Animals, 9(12), 1110.
https:/ /doi.org/10.3390/ani9121110.

Xu, C. L, Ji,C,Ma, Q. Hao, K, Jin, Z. Y., & Li,
K. (2006). Effects of a dried Bacillus
subtilis culture on egg quality. Poultry
science, 85(2), 364-368.
https:/ /doi.org/10.1093/ps/85.2.364

Yan, F. F., Murugesan, G. R., & Cheng, H. W.
(2019). Effects of  probiotic
supplementation on performance
traits, bone mineralization, cecal
microbial composition, cytokines and
corticosterone in laying hens. Animal:
an international journal of animal
bioscience, 13(1), 33-41.

15

https://doi.org/10.1017 /5175173111
800109X.

Yang, J., Zhan, K., & Zhang, M. (2020). Effects

of the use of a combination of two
Bacillus species on performance, egg
quality, small intestinal mucosal
morphology, and cecal microbiota
profile in aging laying hens. Probiotics
and Antimicrobial Proteins, 12(1), 204-
213. https:/ /doi.org/10.1007 /s12602-
019-09532-x.

Yang, Y., lji, P. A., & Choct, M. (2009). Dietary

modulation of gut microflora in
broiler chickens: a review of the role
of six kinds of alternatives to in-feed
antibiotics. World's  Poultry  Science
Journal, 65(1), 97-114.
https:/ /doi.org/10.1017 /5004393390
9000087.

Yenilmez, F., Atay, A., Serbester, U., & Celik,

L. (2021). Effects of monochromatic
light on performance, egg quality,
yolk  cholesterol and  blood
biochemical profile of laying
hens. JAPS: Journal of Animal & Plant
Sciences, 31(1), 46-52.
https://doi.org/10.36899 /JAPS.2021.
1.0191.

Zhang, R., Ma, S., Li, L., Zhang, M., Tian, S,,

Wang, D,, Liu, K,, Liu, H., Zhu, W,, &
Wang, X. (2021). Comprehensive
utilization of corn starch processing
by-products: A review. Grain & Oil
Science and Technology, 4(3), 89-107.
https:/ /doi.org/10.1016/j.gaost.2021
.08.003.

Zou, X., Jiang, S., Zhang, M., Hu, H., Wu, X,,

Liu, J., ... & Cheng, H. (2021). Effects of
bacillus subtilis on production
performance, bone physiological
property, and hematology indexes in
laying  hens. Animals, 11(7),  2041.
https://doi.org/10.3390/ani1107204
1.



https://doi.org/10.1016/j.psj.2019.12.054
https://doi.org/10.1016/j.psj.2019.12.054
https://doi.org/10.1016/j.psj.2020.12.067
https://doi.org/10.1016/j.psj.2020.12.067
https://doi.org/10.3382/ps/pew396
https://doi.org/10.3390/ani9121110
https://doi.org/10.1093/ps/85.2.364
https://doi.org/10.1093/ps/85.2.364
https://doi.org/10.1017/S175173111800109X
https://doi.org/10.1017/S175173111800109X
https://doi.org/10.1007/s12602-019-09532-x
https://doi.org/10.1007/s12602-019-09532-x
https://doi.org/10.1017/S0043933909000087
https://doi.org/10.1017/S0043933909000087
https://doi.org/10.36899/JAPS.2021.1.0191
https://doi.org/10.36899/JAPS.2021.1.0191
https://doi.org/10.1016/j.gaost.2021.08.003
https://doi.org/10.1016/j.gaost.2021.08.003
https://doi.org/10.3390/ani11072041
https://doi.org/10.3390/ani11072041

