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Abstract 
The effects of supplementing a blend of organic acids (OA) and a lactic acid 
bacteria (LAB) based-probiotic on egg to chick weight loss (%) and Salmo-
nella spp. recovery counts in the litter of commercial broiler breeders were 
examined in three independent trials during the years 2013, 2014 and 2015. 
In each trial, ten thousand birds were divided into two groups of 5000 birds 
(4500 females and 500 males in each group): Control non-treated group, re-
ceiving regular water or treated group, receiving OA and probiotic in the 
drinking water from 25 to 35 weeks of age. During the ten weeks of evalua-
tion, one thousand fertile eggs or hatched chickens in each trial respectively, 
were evaluated to obtained, hatching set weight, transferred egg weight, and 
hatching chick weight, to estimate the difference between egg to chick weight 
loss (%). Besides, in trial 2 (2014) and trial 3 (2015), litter samples were col-
lected to evaluate Salmonella spp. counts. The supplementation of OA and 
probiotic during ten consecutive weeks significantly decreased the egg to 
chick weight loss (%) when compared with the control non-treated groups in 
all three trials evaluated. Interestingly, at the end of the trials 2 and 3, no 
counts of Salmonella spp. in the litter were detected. In contrast, control-non 
treated groups resulted in 4.30 and 4.24 Log10 of Salmonella spp. in trials two 
and three respectively. The results of the present study suggest that supple-
mentation of OA and a LAB-probiotic for ten consecutive weeks decrease the 
egg to chick weight loss (%) and reduce Salmonella spp. counts in the litter of 
commercial broiler breeders. Higher initial body weight in broiler chickens 
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and reduction of Salmonella spp., clearly justify the use of the combination of 
these products, as alternatives to antibiotics. 
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1. Introduction 

Commercial poultry meat production depends on the availability of day-old 
broiler chickens. Hence, fertility and hatchability are two top parameters corre-
lated with the supply of day-old chicks, and some factors that affect hatchability 
include genetic line, strain, health, nutrition, the age of the flock, egg quality, egg 
storage conditions and egg storage duration [1]. Nevertheless, egg weight, egg-
shell thickness, and porosity are the most influential egg quality parameters that 
affect hatchability [2]. It has been estimated that two factors influence more than 
ninety-seven percent of the variation in chick weight at hatch; fresh egg weight 
and weight loss during incubation. Therefore, the water content on chicken and 
its yolk sack are directly affected by water loss from hatching eggs during incu-
bation [3]. In commercial hatcheries, eggs lose weight through the loss of water 
vapor by diffusion across the eggshell. Therefore, weight loss in eggs is always 
due to water loss, which is determined by the pore geometry of the shell (the gas 
conductance of the shell) and the humidity in the air around the eggs [4]. For 
that reason, particular attention must be addressed to adjust the incubator hu-
midity in order to maintain optimum hatchability and chick quality [5] [6]. 

On the other hand, Foodborne infections by enteropathogens such as Salmo-
nella spp. have significant repercussions on public health and economic losses to 
the poultry industry. Historically, several methods to control food-borne patho-
gens have been implemented, including the use of antibiotics. However, there is 
a great deal of concern that the widespread use of antibiotics will lead to bacteri-
al resistance to those chemicals, and pose a potential risk for public health. 
Therefore, antibiotics should be limited to infections of specific bacteria with 
known antibiotic sensitivity, especially when several studies have confirmed that 
the use of alternatives such as probiotics and organic acids can be an effective 
tool in controlling salmonellae infections and increase performance of poultry. 
Recently, we have reported that the supplementation of a blend of organic acids 
(OA) and a lactic acid bacteria (LAB) based-probiotic significantly reduced the 
percentage of deformed eggs and weekly-cumulative mortality in commercial 
broiler breeders [7]. In that study, the increasing numbers of fertile eggs and 
consequently, broiler chickens at hatch, were positively correlated with a 
cost-benefit ratio of 1:3.19 suggesting that the combination of OA and a probi-
otic may improve production and economic parameters of the breeders [7]. This 
study intends to present further analysis that was obtained from those three tri-
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als previously published. Hence, the objective of this research report is to eva-
luate the combination of a LAB-based probiotic and OA on additional produc-
tion parameters and Salmonella spp. litter counts evaluated and in broiler 
breeders under commercial conditions. 

2. Materials and Methods 
2.1. Animals, Housing and Variables Evaluated 

Nine thousand female and one thousand male Cobb 500 breeders were used in 
each of three independent trials, during three production cycles in the years 
2013, 2014 and 2015. All trials were conducted in the same breeder house owned 
by an integrated commercial poultry company in the Province of Santa Fe, Ar-
gentina. Brooding management, maintenance, and production phases, as well as 
feeding and lighting programs, were conducted according to Cobb Breed-
er Management Guide [8]. Birds were transferred to the production house at 22 
weeks of age. The chicken house had a dimension of 140 m (459.32 feet) long by 
7 m (22.96 feet) width, providing a density of five breeders per square meter, and 
it was divided longitudinally into two equal compartments each measuring 140 
m (459.32 feet) by 7 m (22.96 feet). The division separated experimental groups 
while having them in the same environmental conditions. The chicken house 
possessed tunnel ventilation, evaporative panel system and fogging system for 
cooling which ensure a proper air velocity (maximum 3.5 m/seg). Each section 
was equipped with automatic feeders and two lines of water with nipples and 
bell drinkers to administer water treatments. Feeders provided a minimum of 15 
cm of feeding space per female for chain feeders and 12 females per pan to en-
sure that feed could be distributed in less than 3 minutes. Nipple drinkers were 
installed at the rate of 6 to 8 birds/nipple. Each section was equipped with com-
munal mechanical nests at a rate of 50 birds/m of nest floor area, allowing six 
birds per nest hole in single bird rollaway nests. 

During the ten weeks of evaluation of each trial, hatching set weight and 
transferred egg weight in grams were recorded. Hatching chick weight was also 
recorded, to estimate the difference between egg to chick weight loss (%). The 
temperature and humidity values in eggs storage room for trials 1, 2 and 3 for 
control and treated groups are shown in Table 1. Temperature and humidity 
were registered twice a day at 10 AM and 4 PM using a digital Thermo hygro-
meter with an external sensor which was placed into a wall of eggs storage room. 
Also, litter samples were collected to evaluate Salmonella spp. counts as de-
scribed below. All animal handling procedures were in compliance with Institu-
tional Animal Care and Use Committee at the Universidad Nacional del Nor-
deste, Argentina. 

2.2. Experimental Design 

In each trial, ten thousand broiler breeders were divided into two groups each 
consisting of 5000 birds (4500 females and 500 males): control group, receiving 
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only regular water and treated group, receiving OA in the water at a concentration 
of 4 L/1000L of water according to the manufacturer’s directions. Twenty-four 
hours after OA administration, LAB-probiotic was administered in the drinking 
water according to the manufacturer’s direction. The physical and chemical analy-
sis [9] of the water used in this farm is shown in Table 2. The final concentration 
delivered once diluted in the drinking water was 106 cfu/mL of LAB-probiotic.  

 
Table 1. Temperature and humidity average in eggs storage room for control and treated 
groups. 

Broiler breeders 
age (weeks) 

Trial 1 (2013) Trial 1 (2014) Trial 1 (2015) 

Temperature 
(˚C) 

Humidity 
(%) 

Temperature 
(˚C) 

Humidity 
(%) 

Temperature 
(˚C) 

Humidity 
(%) 

25 22.1 55 23.0 47 22.2 51 

26 23.3 49 23.1 61 23.6 46 

27 21.6 40 23.2 53 23.5 49 

28 22.7 35 22.9 60 23.0 43 

29 21.9 33 23.1 44 23.2 47 

30 21.7 49 22.8 39 23.1 43 

31 23.1 60 21.9 69 23.0 63 

32 22.7 48 22.5 67 22.7 50 

33 23.1 61 21.5 49 22.8 53 

34 22.6 58 22.2 56 22.4 40 

35 22.8 60 24.1 44 23.2 55 

 
Table 2. Physical and chemical analysis of the water used in the farm where all trials were 
conducted. 

 Units Results 

pH mg/L 7.95 

Fixed components (thermic dried, 130˚C) mg/L 367.00 

Volatile components (qualitative organic content) mg/L 64.00 

Organic content mgO2/L ---- 

Suspended solid (filter 0.45 μm) mg/L ---- 

Total salinity (105˚C) mg/L 431.00 

Total hardness mg/L CaCO3 623.48 

Calcium hardness mg Ca/L 174.10 

Magnesium hardness mg /L 45.51 

Sulfates mg/L 250.00 

Chlorides mg/L 21.85 

Total nitrogen mg/L 0.28 

Nitrates mg/L 0.239 

Iron mg/L ---- 

All procedures were made according to AOAC International (2012). 
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These treatments were administrated once per week during the trials. For all tri-
als, OA was administered on Monday for 8 hours. On Tuesday, LAB-probiotic 
was administered for 6 hours. These treatments were administered every week 
for ten consecutive weeks, starting from week 25 to week 35 of age. This period 
was selected because it is when egg production starts and reaches the peak of 
production, representing a period of high physiological demand for the hen. 
Wednesday was the day to collect hatching set weight, transferred egg weight, and 
hatching chick weight respectively in all three trials. Hence, in each trial, every 
week for ten weeks, one thousand eggs or chickens were weighted respectively. 

2.3. Probiotic Culture 

The probiotic used in these trials is a defined lactic acid base probiotic culture 
(FloraMax® B11). This product was administered according to the manufactur-
er’s instructions (Pacific Vet Group USA Inc., Fayetteville, AR, USA). 

2.4. Organic Acids 

This commercial OA product (Optimizer™) is a combination of five different OA 
(lactic, acetic, tannic, propionic, and caprylic acids) that contains proprietary 
flavoring agents. This product was administered according to the manufacturer’s 
instructions (Pacific Vet Group USA Inc., Fayetteville, AR, USA). 

2.5. Bacteriologic Evaluation of the Litter 

Bacteriologic evaluation of the litter was performed only in trials 2 (2014) and 3 
(2015). Litter was evaluated before and after ten consecutive weeks of treatment. 
Breeder houses in the control and test groups were divided into three sectors 
near the feeder and drinking lines along the house. In each sector, ten samples of 
litter, each consisting of 25 g, were collected into sterile bags (n = 30/house). 
Samples were weighed and 1:4 wt/vol dilutions were made with sterile 0.9% sa-
line. Ten-fold dilutions of each sample, from each group were made in a sterile 
96 well Bacti flat bottom plate, and the diluted samples were plated on Xy-
lose-Lysine-Desoxycholate Agar (Becton Dickinson, Heidelberg, Germany) to 
evaluate the total number of Salmonella spp. 

2.6. Statistical Analysis 

Hatching set weight, transferred egg weight, hatching chick weight and the dif-
ference between egg to chicken weight loss data, as well as Log10 cfu/g of Salmo-
nella spp. counts data were subjected to one-way analysis of variance as a com-
pletely randomized design, using the General Linear Models procedure in SAS 
[10]. Significant differences among the means were determined by Duncan’s 
multiple range test at P < 0.05. 

3. Results and Discussion 

The results of the parameters evaluated in broiler breeders with or without sup-
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plementation of OA and a LAB-probiotic are summarized in Table 3. No signif-
icant differences were observed on eggs set weight, transferred egg weight, 
one-day chick weight or egg to chick weight difference in any of the trials be-
tween control and treated birds (P > 0.05). However, supplementation of OA 
and probiotic during ten consecutive weeks significantly decreased the egg to 
chick weight loss (%) when compared with the control non-treated groups in all 
three trials (Table 3). Since modern broiler chickens are generally raised for 39 
to 56 days, the twenty-one days of incubation plus the first seven days post-hatch 
nutrition, in reality, represent 36% to 47% of the production life of a broiler 
chicken. Therefore, using programs that increase the performance of breeders and 
their progeny may have a positive impact to enhance their health and welfare. 

On the other hand, the body weight of broiler chicks at hatch is predominant-
ly determined by initial egg weight, representing 62% - 78% of the egg weight 
[2]. However, day-old chick weight is also influenced by weight loss during in-
cubation, eggshell weight, residue weight, breeder’ strain, as well as the age of the 
breeders [5]. It has been estimated that 1 g change in egg weight results in a cor-
responding change of 2 - 13 g in broiler weight at 6 to 8 weeks of age, and this 
effect is highly correlated with the age of the breeders [11]. Scientific reports 
have revealed that dietary inclusion of probiotics used as direct-fed microbial 
(DFM) increase eggshell quality, egg production, egg weight, egg mass and egg-
shell thickness [12]. Utilization of DFM has also shown to improve gut micro-
flora balance, clearly demonstrating the importance of keeping the integrity of 
the gastrointestinal tract by manipulating the gut microbiome positively and 
improving egg production and eggshell quality [13] [14]. Some of the mechan-
isms associated with the improvement of eggshell quality by nutraceuticals in-
clude the increasing rate of fermentation [15]. Organic acids and short chain fatty 
acids have a substantial effect in digestive physiology such as reduction of luminal 
pH, increased calcium absorption, and angiogenesis, as well as stimulation of in-
testinal epithelial cell proliferation [16]. Manipulation of beneficial bacteria in the 
gut has been reported to improve the metabolism of the host animals in  

 
Table 3. Parameters evaluated in broiler breeders with or without supplementation of organic acids (OA) and a lactic acid bacte-
ria-based probiotic. Treatments were applied weekly by drinking water (OA = 4:1 L; Probiotics = 106 cfu/mL); data were collected 
during ten consecutive weeks (25 - 35 weeks). 

Performance parameter 
Trial 1 (2013) Trial 2 (2014) Trial 3 (2015) 

Control OA + Probiotic Control OA + Probiotic Control OA + Probiotic 

Eggs set weight (g) 61.2 ± 0.61 60.38 ± 0.49 59.63 ± 0.90 59.84 ± 0.85 58.29 ± 0.77 58.19 ± 0.78 

Transferred egg weight (g) 57.47 ± 0.47 57.91 ± 0.41 56.73 ± 0.72 57.18 ± 0.67 54.1 ± 0.73 54.13 ± 0.72 

One-day chick weight (g) 45.04 ± 0.47 44.81 ± 0.42 44.18 ± 0.46 44.61 ± 0.50 42.35 ± 0.49 42.49 ± 0.63 

Egg to chick weight difference (g) 16.16 ± 0.09 15.57 ± 0.09 15.45 ± 0.09 15.23 ± 0.09 15.93 ± 0.09 15.7 ± 0.09 

Egg to chick weight loss (%) 26.41 ± 0.06 25.79 ± 0.06* 25.91 ± 0.06 25.45 ± 0.06* 27.34 ± 0.06 26.99 ± 0.06* 

Data expressed as mean ± SE. Every week for ten weeks, 1000 eggs or chickens were weighted respectively. *Mean values significantly differ between expe-
rimental treatments (P < 0.05). 
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various ways, including absorptive capacity, protein metabolism, energy meta-
bolism, fiber digestion, and gut maturation [17] [18]. Balanced gastrointestinal 
microbiota and immune-stimulation are significant functional effects attributed 
to the consumption of probiotics [17] [19]. Likewise, nutritional components of 
the diet are also of critical importance not only for meeting the nutrient re-
quirements of the breeders but also for their gastrointestinal microflora [20]. 

Table 4 shows the results of the Salmonella spp. counts in the litter of broiler 
breeders with or without supplementation of OA and a LAB-probiotic in trials 2 
(2014) and 3 (2015). In both trials, control and treated groups have no counts of 
Salmonella spp. in the litter. However, 10 weeks after OA and probiotic supple-
mentation, it was remarkable to observe that supplementation of OA and pro-
biotics for 10 consecutive weeks kept the same level of non-detection of Salmo-
nella spp., meanwhile control non-treated litter had an increase of 4.30 and 4.24 
Log10 of Salmonella spp. in trials 2 and 3 respectively (Table 4). These results are 
noteworthy, considering that the company does not apply any treatment or litter 
amendment used to control. 

Furthermore, the significant reduction on environmental Salmonella spp. are 
in agreement with previous results conducted by our laboratory where the com-
bination of the OA and probiotic used in this study reduced the prevalence of 
Salmonella spp. in the litter of commercial turkey houses [21]. In this regard, 
our laboratory has published reports showing that the defined lactic acid bacte-
ria-based probiotic culture (FloraMax® B11) improves the development of 
healthy microflora in chickens and turkeys, providing increased resistance to 
Salmonella spp. infections in both laboratory and commercial trials [20]. Also, 
previous research from our laboratory indicates a very rapid induction of specif-
ic host-gene expression pathways, which are associated with reductions in en-
teric colonization with Salmonella [21]. While many mechanisms of action have 
been proposed for the observed efficacy, precise modalities have not been wholly 
described for this highly effective culture. 

On the other hand, in recent years OA based feed acidifiers have gained accep-
tance in the poultry industry due to their high nutritional value and antimicrobial  

 
Table 4. Salmonella spp. counts in the litter of broiler breeders with or without supple-
mentation of organic acids and a LAB-probiotic in trials 2 and 3. Treatment was applied 
weekly by drinking water (OA = 4:1 L; Probiotics = 106 cfu/mL); litter samples were col-
lected a day before and after every trial (25 and 35 weeks). 

Group 
Trial 2 (2014) Trial 3 (2015) 

Pre-treatment Post-treatment Pre-treatment Post-treatment 

Control 0.00 ± 0.00a,y 4.30 ± 0.30a,x 0.00 ± 0.00a,y 4.24 ± 0.24a,x 

OA + Probiotic 0.00 ± 0.00a,y 0.00 ± 0.00b,y 0.00 ± 0.00a,y 0.00 ± 0.00b,y 

Data expressed as Log10 of cfu/g of litter ± SE; Breeder houses in the control and test groups were divided 
into three sectors near the feeder and drinking lines along the house. In each sector, ten samples of litter (25 
g) were collected into sterile bags (n = 30/house). a,bSuperscripts within columns indicate significant differ-
ence among sample source (P < 0.05). x,ySuperscripts within rows indicate significant difference among 
sample source (P < 0.05). 
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benefits [16] [22]. Previously, we have showed that a commercially available water 
treatment product (Optimizer™) significantly increase water consumption and 
cellular water retention, hence reducing carcass condemnation at the processing 
plant, mortality during transportation, and body weight loss, suggesting that this 
organic acid product may improve animal welfare and economic concerns in the 
poultry industry [23]. Additionally, OA also has shown to have a profound impact 
on the intestinal microbiome [24]. In summary, the results of the present study 
suggest that supplementation of OA and a LAB-probiotic for ten consecutive 
weeks (from week 25 to 35) decrease the egg to chick weight loss and reduce 
Salmonella spp. counts in the litter of commercial broiler breeders. Further stu-
dies to evaluate the effect of the supplementation of OA and LAB-probiotic for 
ten consecutive weeks on the physical and chemical composition of the eggshell as 
well as electron microscopy are currently being evaluated. Besides, litter moisture 
content and pH of the litter samples will also be determined. 
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