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Abstract The worldwide application of antibiotic growth promotors in the last 
decades in animal production at least partly contributed to the global pool of 
multiantibiotic-resistant bacteria causing hardly treatable and severe human but 
also veterinarian infectious diseases. These circumstances prompted the 
development of alternative strategies to replace antibiotic growth promotors 
without losses in animal performance. Among other feed additives, health-
beneficial live microorganisms (often designated as probiotics or gut microbiota 
stabilizers) became promising parts of such alternative approaches. This study 
aimed to investigate the effects of Bacillus coagulans DSM 32016 (1×109 CFU/kg 
of diet) on the performance of broiler breeder (Arbor Acres). Broiler breeder hens 
(Arbor Acres; n=240) at the age of 22 weeks were randomly allocated to 1 of 2 
dietary treatments with 12 replicates of 10 birds each, in a completely randomized 
design. Supplementation of the diet with Bacillus coagulans DSM 32016 
increased the number of produced eggs, the number of produced settable eggs, 
egg yolk weight and eggshell thickness (P≤0.05). The probiotic supplementation 
reduced the mortality rate, enhanced egg hatchability, and increased the egg 
production-based economic profit. Thus, Bacillus coagulans DSM 32016 can be 
considered as performance-enhancing zootechnical feed additive for broiler 
breeders. 
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Introduction 
es. These circumstances spurred the ban of AGP in differ-  

The global population grows constantly, which results in an ent countries and geographically regions such as in Chile,  
increased demand for food consumption and animal produ- Turkey, European Union, South Korea, and US. Simultan-  

cts. Efficient animal production is highly dependent on the - eously, it drives the need for reliable and more environm-  

 overall well-being of animals, including the intestinal health entally friendly alternatives without facing a loss in animal  
 

 as a key factor. In the last fifty years, especially antibiotic g- performance. Among other circulating feed additives on t-  
 

 rowth promotors (AGP) have been widely used to (a) prevent  he global market such as organic acids and prebiotics, live  
 

 a gut dysbiosis by controlling potentially harmful intestinal b- microorganism (often designated as probiotics and gut mi-  
 

 acteria and (b) maintain animal performance. As a result, the crobiota stabilizers) became promising tools and parts of  
 

 unrestricted application of AGP contributed at least partly to  AGP-replacing approaches. The variety of performance-  
 

 the global pool of multiantibiotic-resistant bacteria causing - enhancing and health-beneficial effects of such zootech-  
 

 hardly treatable and severe human animal infectious diseas- nical feed additives are well documented  in a broad spect-  
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rum of various scientific publications considering 
different animal species. For example, it is generally 
accepted that probiotics have the potential to improve 
weight gain, final body weight, feed digestion and 
conversion, gut microbiota composition, epithelial 
growth, intestinal inflammation, immune defense, and 
diarrheal incidence (Kabir, 2009; Gadde et al., 2017; Jha 
et al., 2020). 

Based on their genetics, broiler breeder hens underlie 
similar health concerns as their offspring like obesity and 
lameness (Savory and Lariviere, 2000; Sandilands et al., 
2006; Nielsen et al., 2011; Morrissey et al., 2014). 
Therefore, severe feed restriction is a routine procedure 
to control breeder obesity and to maximize productive 
and reproductive efficiency (Decuypere et al., 2010; 
Barzegar et al., 2021). However, due to the highly limited 
amount of feed that is provided only once per day, 
breeders experience relatively long fasting periods 
entailing a negative impact on health and welfare (De 
Jong and Guemene, 2011). Daily fee restriction, for 
example, can cause performance-impairing intestinal 
disorders such as intestinal inflammations and 
putrefaction, morphological changes, alterations in the 
intestinal microbiota composition, diarrhea, and 
associated food pad dermatitis (Taira et al., 2013; Awad 
et al., 2017; Yan et al., 2021). 

Bacillus coagulans is a gram-positive, motile, 
facultative aerobe, lactic acid-producing, and spore-
forming bacterium (Payot et al., 1999; Jiang et al., 2019; 
Zhou et al., 2020). The combination of lactic acid 
production and spore formation makes Bacillus 
coagulans a unique probiotic in animal nutrition. Bacterial 
spores are generally known to be resistant against a 
variety of different challenging conditions such as heat, 
pressure, or acidity (Zhou et al., 2010; Hung et al., 2012). 
Therefore, Bacillus-spores used in animal nutrition show 
not only high recovery rates after feed-pelleting 
processes but also withstand stomach acidity 
(Mingmongkolchai and Panbangred, 2018; Cao et al., 
2020). Once germinated in the nutrient-rich intestine, 
Bacillus coagulans produces lactic acid which improves 
the gut environment and making it unfavorable for 
potential harmful pH-sensitive bacteria (Alakomi et al., 
2000). Simultaneously, intestinal-produced lactic acid 
has the potential to stimulate additional health-beneficial 
microbes such as butyrate producers (Duncan et al., 
2004; Sikora et al., 2013). In human medicine, Bacillus 
coagulans is primarily used to treat a broad range of 
different gastrointestinal disorders such as diarrhea, 
abdominal pain, digestive problems, and overgrowth of 
harmful bacteria (Jäger et al., 2018; Konuray and 
Erginkaya, 2018; Cao et al., 2020), but also immune 
system stimulation and improved respiratory health 
through Bacillus coagulans ingestion were reported 
(Baron, 2009; Anaya-Loyola et al., 2019). In animal 
production, these health-supportive effects (concomitant 
to a performance improvement and reduced mortality) 
were also observed in poultry nutrition when Bacillus 
coagulans was administered (Xu et al., 2017; Wu, Y. et  

 
 

al., 2018; Khajeh Bami et al., 2020; Zhang et al., 2021). 
The production of antimicrobial substances and 
hydrolases by Bacillus coagulans are additional modes 
of action that further support an intestinal eubiosis by 
directly and indirectly suppressing the growth of 
potentially harmful bacteria (Riazi et al., 2009; Maathuis 
et al., 2010; Honda et al., 2011; Abdhul et al., 2015). 

Based on the consideration (a) that intestinal 
disorders in broiler breeders due to feed restrictions 
negatively impact the performance and productivity and 
(b) that Bacillus coagulans is known to improve such 
disorders, this study examined the potential of Bacillus 
coagulans DSM 32016 (BC*) to enhance productive and 
reproductive efficiency of broiler breeders by supporting 
overall intestinal health.  

 

Materials and methods 
 
Location and ethical statement 
 

This experiment was conducted at the Experimental 
Farm of the Department of Animal Science, University of 
Tehran, Karaj, Iran (37˚47 N, 50˚55, Elevation 1312 m). 
All experimental procedures were ethically approved by 
the Department of Animal Science.  
 

Broiler breeder management 
  
This study was conducted from August to December of 
2020 under natural environmental conditions. A total of 
240 broiler breeder hens (Arbor Acres) and 30 roosters 
were used in a feeding trial for 42 weeks. Birds were 
reared according to Arbor Acres management guide 
(Arbor-acres, 2016) until 21 weeks, and the feeding trial 
was performed from weeks 22 to 42 of age. The hens 
were randomly allocated to two groups of 12 replicates 
with 10 hens per replicate (1.5 × 2 m2 pens). The 
roosters were also divided into two groups and kept in six 
separate pens. Twelve roosters from each experimental 
group were randomly mixed with hens 6 h daily (9:30 
a.m. to 3:30 p.m.). Before mixing the male and female 
birds, the hens were fed by the experimental diet to avoid 
rooster’s accessibility to the hen’s diet. The temperature 
in the layer house was 18°C to 24°C. The birds were kept 
under uniform management conditions throughout the 
experimental period with 13 h of light and 11 h of 
darkness program. All management points like, 
separating the rearing environment, instruments, 
changing clothes and shoes were considered during the 
trial to prevent the transfer of microorganisms between 
groups. 
 

Experimental diets 
 
Daily feed allocations were adjusted weekly to maintain 
body weight gain (BWG) as recommended by the Arbor 
Acres breeder management recommendations (from 
110 g/bird/day in week 22 to 160 g/bird/day in week 43 - 
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of age). The basal diet was formulated according to 
Arbor Acres broiler breeder recommendations (Table 1). 
Birds in the control group received a basal diet and the 
birds in the second group received the basal diet 
supplemented with Bacillus coagulans DSM 32016 
(BC*). BC* was dosed according to manufacturer’s 
recommendation (1×109 CFU/kg diet, Commission 
Implementing Regulation No 2020/1755 of 24). The 
amount of BC*-containing product (TechnoSpore® by 
Biochem, Germany) was 0.4 g per kg of breeder feed. 
 
Table 1. Ingredients and nutrient composition of broiler breeder 

basal diet 

Ingredients  Amount (%) 

Corn 65.60 

Soybean meal  20.45 

Wheat bran 2.35 

Barley 3.00 

Di-calcium phosphate 0.76 

Oyster shell 6.80 

Salt 0.25 

Sodium bicarbonate  0.15 

DL-methionine 0.14 

Vitamin + mineral premixa 0.50 

Phytaseb 0.005 

  

Calculated nutrient contents Amount (%)c 

AME (kcal/kg) d 2800 

Crude Protein 15.00 

Lys  0.71e 

Met  0.37e 

Met + Cys 0.60e 

Thr 0.60e 

Arg  0.80e 

Ile 0.54e 

Val 0.60 

Ca  3.00 

Pf 0.35 

Na  0.23 

Cl  0.23 

Linoleic acid 1.46 

DCAB (MEq/kg)g 182 

a Vitamin + Mineral Premix provided in 5 kg/ 1000 kg of diet: Vitamins (A: 
11×106 IU, D3:35×105 IU, E: 10×104 IU, K:3:5000 mg, B1: 3000 mg, B2: 
12000 mg, B3: 55000 mg, B5: 15000 mg, B6: 4000 mg, B9: 2000 mg, B12: 30 
mg, H2: 250 mg), Minerals (choline: 4×105 mg, Fe: 50000 mg, Mn: 120000 
mg, Zn: 110000 mg, Cu: 10000 mg, Se: 300 mg, Iodine: 2000 mg). 
b 6-Phytase with E. Coli origin. 
c Unless not otherwise indicated.  
d Apparent metabolizable energy in kilocalories per kilogram. 
e Values are based on NIR spectroscopy and represent digestible 
amounts.  
f Available phosphorus.  
g Dietary cation-anion balance in milliequivalents per kilogram.  
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Parameters and data collection 
 
Body weight, mortality, and feed clean-up time 

Body weight was measured weekly, and mortality 
numbers were recorded daily. Time (min) required for 
birds’ consumption of the allocated daily feed, was 
recorded visually on weeks 25 and 38 and reported as a 
feed clean-up time (FCT). A timeline of the experimental 
design indicating the initiation of applying dietary 
treatment (Bacillus coagulans DSM 32016., 1×109 
CFU/kg of diet) and times of parameter measurement 
are shown in Figure 1.  
 

Laying performance, egg quality, and hatchability 

 

The number of weekly hen-housed egg production 
(HHEP) and the number of weekly hen-housed settable 
egg production (HHSEP) were calculated at the end of 
each week using Equation 1 and Equation 2, respectively 
(Hunton, 1995). Eggs that were not broken or cracked, 
dirt-free, not deformed, and not excessively small were 
considered as settable eggs. 

 

Equation 1: Number of hen-housed egg production per week. 

𝐻𝐻𝐸𝑃 =  
𝑇𝑜𝑡𝑎𝑙 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑒𝑔𝑔𝑠 𝑝𝑟𝑜𝑑𝑢𝑐𝑒𝑑 𝑝𝑒𝑟 𝑤𝑒𝑒𝑘 

𝑇𝑜𝑡𝑎𝑙 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 ℎ𝑒𝑛𝑠 𝑎𝑡 𝑡𝑟𝑖𝑎𝑙 𝑠𝑡𝑎𝑟𝑡
 

 

Equation 2: Number of hen-housed settable egg production 
per week. 

 

𝐻𝐻𝐸𝑃 =  
𝑇𝑜𝑡𝑎𝑙 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑠𝑒𝑡𝑡𝑎𝑏𝑙𝑒 𝑒𝑔𝑔𝑠 𝑝𝑟𝑜𝑑𝑢𝑐𝑒𝑑 𝑝𝑒𝑟 𝑤𝑒𝑒𝑘 

𝑇𝑜𝑡𝑎𝑙 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 ℎ𝑒𝑛𝑠 𝑎𝑡 𝑡𝑟𝑖𝑎𝑙 𝑠𝑡𝑎𝑟𝑡
 

Equation 3: Total number of hen-housed egg production (See 
table 3). 

 

𝑇𝐻𝐻𝐸𝑃 =  
𝑇𝑜𝑡𝑎𝑙 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑒𝑔𝑔𝑠 𝑝𝑟𝑜𝑑𝑢𝑐𝑒𝑑 𝑑𝑢𝑟𝑖𝑛𝑔 𝑤ℎ𝑜𝑙𝑒 𝑡𝑟𝑖𝑎𝑙 𝑝𝑒𝑟𝑖𝑜𝑑

𝑇𝑜𝑡𝑎𝑙 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 ℎ𝑒𝑛𝑠 𝑎𝑡 𝑡𝑟𝑖𝑎𝑙 𝑠𝑡𝑎𝑟𝑡
 

The quality of collected eggs, including the egg 
weight, yolk weight, and eggshell thickness were 
assessed during the trial. Briefly, two eggs from each 
replicate were weighed individually and broken into a 
glass plate to measure the yolk weight and shell 
thickness.  

The hatchability of eggs was determined on weeks 35 
and 42 as percentage of total settable eggs. All eggs 
were candled on the seventh day of incubation. Eggs wi- 
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th unclear embryos were removed and opened for visual 
admission as fertile or infertile (Hajati et al., 2014). 
 

Statistical analysis and economic profit 
 
All replicated parameters were analyzed using repeated 
measurement in MIXED procedure of the SAS software 
(SAS Institute Version 9.4, Cary, NC, USA). The overall 
differences between the control group and BC* group 
were analyzed through an independent sample t-test and 
multiple comparisons of means produced by LSD (Zou 
et al., 2021). Before analysis, the data were checked for 
normal distribution through the UNIVARIATE procedure 
and Shapiro–Wilk test. The results were expressed as 
mean values ± standard error (Means ± S.E.) and P 
values ≤0.05 were considered statistically significant.  

 
 
The economic profit was calculated using the 

differences in settable egg production between control 
group and BC* group. As the rearing costs were similar 
in both groups, we only considered the BC*-containing 
product price as a different factor between the two 
groups. Labor costs, the total cost of veterinary 
management such as service, treatment, disinfectant, 
and veterinary supervision costs were considered as 
fixed amounts and similar in both groups. The price of 
the BC*-containing product in this trial was about USD 
9.00 per kg. The BC* group received an average of 151 
g/day of the diet containing BC* (0.4 g of BC*-containing 
product/kg of diet). The price of each produced eggs was 
about USD 0.22. 
 
 
 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 1. A timeline of the experimental design indicating initiation of applying dietary treatment (Bacillus coagulans DSM 32016, 
1×109 CFU/kg of diet) and times of parameter measurement. 

 

 

Results 
 
Although the egg weight was slightly decreased in the 
BC* group (-1.3 %), BC* supplementation significantly 
increased the average number of HHEP (+4.4%), the 
average number of HHSEP (+4.0%), egg yolk weight 
(+2.2%), and eggshell thickness (+2.8%) (Table 2). The 
difference in body weight observed between the two 
groups was not significant (Table 2). In contrast to the 
control group in which eight fatalities were recorded 
(mortality rate of 6.7 %), no deaths in the BC* group were 
observed (Table 3). The interactive statistical analysis of 
group × week indicated significant results for eggshell 
thickness. In contrast, this analysis did not show a 
significant outcome regarding the number of HHEP, the 
number of HHSEP, body weight, egg yolk weight, and 
rooster body weight. Furthermore, the analysis of total 

produced eggs demonstrated that BC* supplementation 
significantly increases the total number of HHEP (5.62 
%) and HHSEP (4.71 %) (Table 3). The cleaning up time 
was not significantly affected by BC* supplementation. 

Time-resolved analysis of eggshell thickness 
indicated that although the difference in eggshell 
thickness between the two groups showed some 
fluctuations regarding the statistical significance, BC* 
supplementation led overall to constantly improved 
eggshell thickness during the whole trial period in 
comparison to the control group (Table 3). Additionally, a 
positive but non-significant effect of BC* 
supplementation on the hatchability (an average of 2.5 
%) was observed compared with the control group 
(Figure 2).  
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Table 2. The effect of dietary BC* supplementation from weeks 22 to 42 of age on broiler breeder laying performance, body 

weight, and egg quality 

Parameter 1 

Group (Mean ± SE) 2  P-value 

Control BC*  Group Week Group × Week 

HHEP [eggs/week/hen] 5.76 ± 0.08 6.03 ± 0.07   <0.001 <0.001 0.530 

HHSEP [eggs/week/hen] 5.52 ± 0.09 5.75 ± 0.07  <0.001 <0.001 0.830 

Hen Body Weight [g] 3240 ± 7.71 3218 ± 7.80  0.052 <0.001 0.990 

Egg Weight [g] 53.73 ± 0.21 53.03 ± 0.19  <0.001 <0.001 0.990 

Egg Yolk Weight [g] 16.97 ± 0.15 17.35 ± 0.13  <0.001 <0.001 0.250 

Eggshell Thickness [mm]  0.36 ± 0.01 0.37 ± 0.01  <0.001 <0.001 <0.001 

Rooster Body Weight [g] 3950 ± 22.75 3881 ± 21.98  <0.001 <0.001 0.990 
1 HHEP, average number of hen-housed egg production; HHSEP, average number of settable hen-housed egg production; Time-resolved 

data to eggshell thickness shown in Table 4; all parameters represent mean values of data collected throughout the whole trial period.  
2 Mean values ± standard error; control, control broiler breeder group; BC*, broiler breeder group fed Bacillus coagulans DSM 32016. 

 
Table 3. The effect of dietary BC* supplementation from weeks 22 to 42 of age on total broiler breeder 

laying performance, feed clean-up time and total mortality 

Parameter 1 

Group (Mean ± SE) 2 

P-value 

Control BC* 

THHEP 112.70 ± 1.94 119.04 ± 1.19 0.01 
THHSEP 108.93 ± 1.46 114.06 ± 0.89 0.01 
FCT (week 25) 45.17 ± 1.93 45.33 ± 1.16 0.940 
FCT (week 38) 109.17 ± 3.13 104.17 ± 2.60 0.230 
Mortality (%) 6.68 ± 30.30 00.00 ± 0.00 0.007 

1 THHEP, total hen house egg production; THHSEP, total hen house settable egg production; FCT; 
feed clean-up time (minutes). 

2 Mean values ± standard error; control, control broiler breeder group; BC*, broiler breeder group fed 
Bacillus coagulans DSM 32016. 

 
 

 
 

Figure 2. The effect of dietary supplementation of Bacillus coagulans on egg hatchability at 
weeks 35 and 42 in Control, and broiler breeder hens fed Bacillus coagulans DSM 32016 
(BC*). 
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Table 4. The effect of dietary BC* supplementation from weeks 22 to 42 of age on 

broiler breeder eggshell thickness  

Age (week) 

Group (Mean ± SE) a 

P- value 

Control BC* 

22 0.36 ± 0.004 0.34 ± 0.004 <0.010 

24 0.34 ± 0.005 0.35 ± 0.004 0.730 

26 0.36 ± 0.005 0.36 ± 0.004 0.920 

28 0.36 ± 0.005 0.36 ± 0.003 0.270 

30 0.35 ± 0.003 0.37 ± 0.003 <0.010 

32 0.36 ± 0.004 0.38 ± 0.003 <0.010 

34 0.36 ± 0.005 0.38 ± 0.004 <0.010 

36 0.37 ± 0.004 0.39 ± 0.002 <0.010 

38 0.37 ± 0.004 0.39 ± 0.001 <0.010 

40 0.38 ± 0.004 0.39 ± 0.001 <0.010 
a Mean value ± standard error; control, control broiler breeder group; BC*, broiler 
breeder group fed Bacillus coagulans DSM 32016. 

 
Based on the average total settable egg production 

(control group: 1127 eggs and BC* group: 1190 eggs), 
the group-related economic profit was calculated (Figure 
3). The result of the economic evaluation demonstrated 
that the higher number of produced eggs in the BC* 
group not only covered the costs of the supplement, but 
also led to an additional study-related economical profit 

of at least 4.8 % (Figure 3). The slightly enhanced 
hatchability observed in the BC* group compared to the 
control group (Figure 2) further indicated a higher 
reproductive potential in broiler breeders fed with BC*, 
which may theoretically lead to an even higher 
economical profit. 

 

 
Figure 3: Economic profit (EP) calculation based on average total egg production. BC*, Bacillus coagulans DSM 32016.  
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Group-associated ROI

EP = (nEggs × PriceEgg) - TCS

EP Control Group ($): 13094 × $0.22 = $2881

EP BC* Group ($): (13770 × $0.22) - $9.78 = $3020

BC*P BC*-containing product

BC*PCost costs of 1 g BC*P

BC*PIntake consumption of BC*P/hen/day in g

nDays number of days (5 months)

nBirds number of hens in BC* group

nEgg total number of settable eggs

PriceEgg price per produced egg

$ USD - United States Dollar 

Total Costs of BC* supplementation (TCS):

TCS = BC*PCost × BC*PIntake × nDays × nBirds

TCS of BC* Group ($): $0.009  $0.060  150  120 = $9.78
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Discussion 
 
The results of this study indicate that the spore-forming 
and lactic acid- producing probiotic bacterium Bacillus 
coagulans DSM 32016 applied to animal feed (1×109 
CFU/kg feed) improved the production and reproductive 
potential of breeder broiler hens. Although, no significant 
differences in body weight were recorded, Bacillus 
coagulans DSM 32016 supplementation (a) enhanced 
the laying performance based on an improved weekly 
average number and total number of produced eggs and 
settable eggs, (b) supported egg quality including an 
enhanced egg yolk weight, eggshell thickness, and 
hatchability, and (c) reduced the mortality rate. The 
positive observations in this study are reinforced by 
several other poultry-related studies that reported an 
effective enhancement of overall performance and laying 
performance but also immune function and gut health 
when Bacillus coagulans was added to the diet (Zhou et 
al., 2010; (Huang et al., 2017; Xing et al., 2020).  

The beneficial effects of feeding probiotics like 
Bacillus coagulans can be driven by a broad range of 
different probiotic modes of action (O'Toole and Cooney, 
2008). For example, Bacillus coagulans has the potential 
to improve protein digestion by producing (a) proteolytic 
hydrolases (Jäger et al., 2018) and (b) lactic acid which 
promotes the function of host proteases as well as the 
peristalsis of the small intestine (Giang et al., 2010; Hung 
et al., 2012; Ma et al., 2014). These mechanisms 
potentially support the overall performance and health of 
animals not only due to an improved feed conversion (Lei 
et al., 2015) but also due to an indirect action against 
pathogens that profit from access protein and amino 
acids in the digestive tract (Shojadoost et al., 2012). 
However, pathogen inhibition can also occur directly by 
the production of antimicrobial substances (Riazi et al., 
2009). Likewise, lactic acid produced in the intestine 
shows antimicrobial properties by lowering the intestinal 
pH which potentially inhibits pH-sensitive harmful 
bacteria (Alakomi et al., 2000). Lactic acid is also a key 
metabolite for microbial cross-feeding and thus 
stimulates other health-beneficial bacteria such as 
butyrate-producing Lachnospiraceae (Sikora et al., 
2013; Rivière et al., 2016). That these microbiota-
modulating effects are mostly accompanied by improved 
overall performance (Hung et al., 2012; Lei et al., 2015; 
Alberoni et al., 2018; Li et al., 2019; Nour et al., 2021) 
further demonstrates the importance of a balanced 
microbiota and gut health for stable animal production. 
Bacillus coagulans is also known to stimulate the 
immune system which strengthens the immune defense 
and barrier function against a broad range of harmful 
bacteria such as C. perfringens (Xu et al., 2017; Wu, Y. 
et al., 2018; Guo et al., 2021). Furthermore, the microbial 
activity of Bacillus coagulans in the gut might (a) reduce 
oxidative stress and associated epithelial damage and 
(b) support the host lipid metabolism, glucose 
metabolism, liver function, epithelial growth, and absorp- 

 
tion of minerals (Lee et al., 2016; Wu, T. et al., 2018; Wu, 
S. et al., 2018; Li et al., 2019; Xing et al., 2020; Khajeh 
Bami et al., 2020; Nour et al., 2021). Various Bacillus 
coagulans DSM 32016-driven benefits in this study such 
as increased laying performance and egg quality might 
have been initiated by a complex combination of all 
aforementioned probiotic modes of action. Independent 
of defining these complex mechanisms, it is scientifically 
accepted that Bacillus-based probiotics (including 
Bacillus coagulans and Bacillus licheniformis) can not 
only improve overall health and performance but also 
laying performance, egg quality, fertility, embryonic 
mortality, and hatchability (Kurtoglu et al., 2004; Mojgani 
et al., 2020; Nour et al., 2021). Regarding the eggshell 
thickness, previous research has shown that Bacillus 
coagulans supports overall absorption of calcium and 
phosphorus in laying hens (Huang et al., 2017), which 
most likely contributed to the postive effect of Bacillus 
coagulans DSM 32016 on eggshell stability in this study. 
Such findings were observed in other egg-producing 
poultry-related studies (Nour et al., 2021), and are at 
least partly associated to a probiotic-driven increased 
protein and lipid metabolisms (Saleh et al., 2017). 
Interestingly, although a lower dosage of Bacillus-based 
probiotics can improve hen performance and maintain 
egg quality, a higher dosage enhances additionally the 
interior protein quality of eggs (Neijat et al., 2019). 

We are not aware of studies that have evaluated the 
effect of Bacillus coagulans on broiler breeder 
performance. In general, the impact of probiotic feed 
additives on broiler breeder productivity is poorly 
researched. Likewise, the precise probiotic modes of 
action including complex microbe-microbe and host-
microbe interactions that might have driven the observed 
performance enhancement are still less well understood. 
Furthermore, this work does not include microbiological 
or histomorphological analysis of the broiler intestines. 
Based on these assumptions it can only be 
hypothetically concluded that a generally improved 
overall gut health and enhanced feed conversion by 
Bacillus coagulans has caused the improvement in egg 
production and egg quality. However, that Bacillus 
coagulans DSM 32016 reduced mortality and enhanced 
overall laying performance including egg quality 
reinforces that such probiotic feed additives should be 
considered as a part of AGP-replacing approaches in 
animal nutrition. 

 

Conclusion 
 
The collective findings of this study indicate that probiotic 
feed additives such as Bacillus coagulans DSM 32016 
used in feed for laying poultry can (a) increase the laying 
performance including a higher number of produced 
eggs and produced settable eggs, (b) support egg 
quality including an enhanced egg yolk weight, eggshell 
thickness, and hatchability, and (c) reduce mortality. 
Thus, Bacillus coagulans DSM 32016 can be considered 
as production-, reproduction-, and profitability-enhanci-- 
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ng zootechnical feed additive for broiler breeder farming.  
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