


EFFECT OF THE USE OF PHOSPHORIC AND FORMIC ACIDS IN ORAL SOLUTION ON LAYING PERFORMANCE, ECONOMICS AND EGG QUALITY OF JAPANESE QUAIL (Coturnix japonica)


ABSTRACT
This study aims to evaluate the effects of acids on Japanese quail. 600 females of quails were divided into acidic batch and control batch. The quails from the acidic group received drinking water supplemented with 1% phosphoric acid and 2% formic acid while those from the control group received drinking water without acidifiers. Laying performance, economic performance and egg quality were evaluated. The results show that the laying rate of quails from the acidic batch (76.9 ± 0.3%) is higher than that from the control batch (64.5 ± 0.8%) (p ˂ 0.05). The conversion index is lower (4.2 ± 0.02) for the acidic batch. The acids made it possible to obtain an additional gain of 45100 F CFA. Excepted Haugh units and average egg weight, no significant differences were revealed on other egg quality parameters (p > 0.05). 
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1.INTRODUCTION
The egg is a source of protein with high biological value (Nys et al., 2017). In Côte d’Ivoire, the egg production sector corresponds to more than 20% of animal protein production. Among the eggs produced, we sometimes find those of the quail. These eggs have a high therapeutic value and their nutritional value is higher than that of the chicken (Tolik et al., 2014). One of the main objectives in raising quail is to maintain good egg production. However, rearing conditions sometimes increase the number of pathogenic bacteria in the quail's digestive tract. These bacteria are the cause of digestive pathologies and subsequently lead to reductions of production (Mondry et al., 2016). To avoid economic losses, breeders use antibiotics to treat bacterial infections in the quail's digestive tract. However, the misuse of these substances leads to antibiotic resistance. In addition, their use leads to antibiotic residues in eggs intended for human consumption, causing serious consequences for public health (Mensah et al., 2014). Combinations of acids in feed or drinking water constitute an effective solution to provide bacteriological safety throughout the digestive tract. According to Kim et al. (2015), a judicious combination of several types of acids constitutes a real and effective alternative to antibiotics. Acids used in animal feed have a bacteriostatic and/or bactericidal action (Bansod et al., 2020). Regarding the bacteriostatic action, the acidification of feed or drinking water prevents the development of pathogenic bacteria. This acidification is carried out all the more easily as the acid used is strong. Phosphoric acid is one of the strong acids most used in animal feed. This acid quickly reduces the pH value of feed in the stomach and subsequently prevents the development of pathogenic bacteria (Xiao et al., 2016). Stomach acidity also activates enzymes such as pepsin, which has the role of facilitating the breakdown of proteins and therefore the digestion of food (Kim et al., 2015). As for the bactericidal action, acidification kills pathogenic bacteria responsible for digestive disorders. The most effective acids for this action are weak acids such as formic acid (Cloutier & Klopfenstein, 2015). In quail, very few studies have been carried out on the use of phosphoric and formic acids in feed (Dalia & Hassan, 2013; Fazilat et al., 2014; hayat, 2016). A combined use of phosphoric acid and formic acid would be necessary for a broad and effective spectrum of action against pathogenic bacteria. The objective of this study is to evaluate the effect of the use of phosphoric and formic acids in oral solution on the laying performance, economic performance and egg quality of Japanese quail.
2.  MATERIALS AND METHODS
2.1. Study Area
The study took place at the Labograin farm in the commune of Bingerville (Côte d’Ivoire). Labograin is located in a dense forest area where there is a humid tropical climate with a rainfall of 1653 mm.
2.2. Animals
The animals used consist of 600 female quails which are 42 days old. Their average live weight is 237.8 ± 6.9 g. 
2.3 Feeds
The food distributed to the quails is of the mealy type. Its bromatological composition is recorded in Table 1.
Table 1 : chemical composition of feed
	Parameters
	Composition

	Dry metter (%)
	89 ± 0.3

	Crude proteins (%)
	19.6 ± 0.6

	Fat (%)
	4.1 ± 0.2

	Crude fibers (%)
	6.7 ± 1.1

	Metabolizable energy (kcal/kg)
	2966 ± 18.5

	EM / proteins Ratio
	151.3 ± 2.6

	Calcium (%)
	3.07 ± 0.4

	Phosphorus (%)
	1.1 ± 0.2


2.4. Animals Drinks
The water distributed to the animals comes from the Ivory Coast Water Distribution Company (SODECI). Formic and phosphoric acid were additives to this water. These acids were purchased from the company LDC-CI (LOUIS DREYFUS Commodities Côte d’Ivoire) located in the industrial zone of Vridi. The formic and phosphoric acid purchased are presented in liquid form with a respective molecular mass of 46 g/mol and 98 g/mol.
2.5. Preparation of acidified drinks
For the preparation of acid-supplemented drinking water, the two acids are taken separately, then mixed to obtain a final pH of 3.5. To obtain this final pH, 9 mL of each acid were taken and diluted separately in 15 liters of water for phosphoric acid and 30 liters of water for formic acid. Then, the two solutions are homogenized and mixed. The final solution is adjusted with 20 liters of water and homogenized. This solution is left to stand for an hour before being served to the quails. 
2.6. Creation of batches and feed distribution
The 600 quails were divided into two batches of 300 quails. These batches were called control batches and acid batches. Each batch was repeated three times. There are 100 quails per batch per repeat. From 7 to 20 weeks of age, the quails from both groups were fed the same type of feed. However, the quails from the acidic group received drinking water supplemented with 1% phosphoric acid and 2% formic acid while those from the control group received drinking water without acidifiers.

2.7. Technical monitoring of quails
The quails were distributed so as to obtain a density of 40 subjects/m2 and the lighting duration was maintained at 16 hours. Each drinking water was distributed according to the experimental batching system. The drink and feed were distributed ad libitum and twice a day (8 a.m. and 5 p.m.). The breeding equipment and hygiene conditions were identical in both batches. The quantities of feed distributed and feed refusals were determined daily using an electronic scale, with a range of 3 kg and a precision of 1 g. Every four weeks, 60 eggs from each batch (i.e. 20 eggs per replication) were randomly selected to determine quality parameters. These eggs were kept for analysis within a maximum of 3 days. A total of 240 eggs from each batch were used.

2.8. Determination of zootechnical parameters
2.8.1. Determination of laying rate
The laying rate (LR) was determined according to the method of Guedou et al. (2018). It is calculated from the following formula:
(1)

2.8.1. Determination of Average Food Consumption

Average feed consumption (AFC) was determined according to the method of Guedou et al. (2018). Weighing the quantities of feed distributed and the refusals made it possible to calculate the daily consumption of the quails. The calculation formula is as follows:                                  

(2)

2.8.2. Determination of the conversion index

The conversion index was calculated by relating the quantity of feed consumed to the mass of eggs produced according to Guedou et al. (2018). The calculation formula is as follows:
(3)

2.8.3. Determination of mortality rate
The mortality rate is determined according to the method of Bouatene et al. (2012). The mortality rate is the ratio between the number of dead quails and the initial total number of quails multiplied by 100. It is determined as follows:

(4)

2.8.4. Determination of morbidity rate
Morbidity was determined based on careful observation of the general condition of the animal and the clinical signs associated with the diseases. It consisted of checking the presence of fetid diarrhea or diarrhea containing blood; distended stomach; paralysis; weight loss and anorexia. The morbidity rate was determined according to the method of Bouatene et al. (2012). The calculation formula is as follows:
(5)

2.9. Determination of egg quality parameters
The evaluation of egg quality consisted of determining the length and width of the eggs using a PRESCOTT PHMV415 brand Vernier caliper with a precision of 0.1 cm. Then the eggs are numbered and weighed individually. they are broken carefully and the constituents are placed on a flat surface. The height of the white (the thickest) was determined using the caliper placed halfway from the contour of the yolk. The weight of the shell without the internal membrane was also determined. After separation, the egg white and yolk were weighed. These various weighings were carried out using an electronic balance, with a range of 300 g and a precision of 0.1 g. The yolk is spread on a clean, horizontal plate. Using the La Roche Scale (Yolk Color Fan) presenting a range of 15 branches of different colors (15 shades between yellow and orange numbered from 1 to 15). The color of the egg yolk was assessed visually and classified according to the different chromatic values. The different egg quality parameters were determined according to the methods of Dahloum et al. (2018) and Guedou et al. (2018). The calculation formulas are as follows:

(6)
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(8)
                                                  
(9)
                                                  
(10)

With: 
H: height of the blank (cm); W: weight of the whole egg (g).

2.10. Determination of economic parameters
The evaluation of the economic performance of quails consisted of determining the gross feed margin (GFM) and the additional gain (AG). The gross feed margin (GFM) was determined according to the method of Abasse et al. (2017). This took into account a population of 100 quails. The price per kilogram of feed was determined by evaluating the price of one kilogram of each ingredient. The eggs were sold in batches of 20 eggs at a price of 1000 CFA francs. The additional gain was determined by making the difference between the gross feed margin of the experimental batch and that of the control batch. The calculation formulas are as follows:



With: 
 MBA = Gross Food Margin (F CFA);
  FE = Food Expenditure (F CFA);
  CS = Cost of the supplement used (F CFA);
   TCP = Total Cost of Packaging (F CFA);
     AG = Additional Gain (F CFA)
2.9.11. Data processing and statistical analyzes
Data on laying parameters, quail economic parameters and egg quality parameters were analyzed using Excel and Statistica ANOVA software version 7.1. Excel was used to determine means and standard deviations. Statistica ANOVA version 7.1 software was used for statistical analyzes of the data. The significance of the test was determined by comparing the probability P associated with the Duncan test statistic at the 5% level.
3.RESULTS AND DISCUSSION
3.1. Results
3.1.1. Effect of acids on laying rate
[bookmark: _Hlk163735849]The weekly evolution of the laying rate of quails watered with acidified water and that of those watered with non-acidified water is presented by Figure 1. It appears from this figure that the laying rate gradually increases then decreases in both batches. The peak laying of quails from the control batch is lower than that from the acid batch. On average, the laying rate of quails from the acidic batch (76.9 ± 0.3%) is significantly higher than that of the control batch (64.5 ± 0.8%) at the 5% threshold. An increase of 12.4 ± 0.5% is observed with the acidic batch. 
Figure 1: Weekly evolution of the laying rate
3.1.2. Effect of acids on mortality and morbidity rates
Table 2 presents the effect of acids on quail mortality and morbidity rates over the entire trial period (7 to 20 weeks of age). It appears from this table that the mortality and morbidity rate are lower in the quails watered with water supplemented with acids compared to that of the quails in the control group (p ˂ 0.05). The quails watered with water supplemented with acid had a respective mortality and morbidity of 2.7% compared to 4.5% and 1.1% compared to 2.2% for the quails from the control group.

Table 2 : Mortality and morbidity rates of quails watered with acidified or non-acidified water
	Parameters
	Control batch
	Acids batch

	Mortality (%)
	4.5 ± 1.2a
	2.7 ± 0.6b

	Morbidity (%)
	2.2 ± 1a
	1.1 ± 0.6b

	
	
	


The same letter (a or b) on the same column means that there is no significant difference between the batches at the threshold of 0.05.
3.1.3. Effect of acids on feed consumption during laying period
The evolution of the feed consumption of the quails is presented in Table 3. It appears from this table that the feed consumption of the quails from the control batch is identical to that of the acid batch from the 7th week to the 15th week of age (p > 0.05). However, quails from the control group recorded lower feed consumption from the 16th week of age (p ˂ 0.05). Over the entire trial period, the feed consumption of quails from the acidic group was significantly higher than that of the control group (p ˂ 0.05). On average, the feed consumption of quails from the acidic group is 31.3 ± 0.1 g/quail/day compared to 28.8 ± 0.2 g/quail/day for the control group.
Table 3 : Effect of acids on feed consumption of quails
	
	Feed consumption of quails (g of DM/quail/d)

	Age (semaine)
	Control batch
	Acids batch

	7
	27.3 ± 0.6a
	27.5 ± 0.4a

	8
	30 ± 0.4a
	30.4 ± 0.7a

	9
	31.1 ± 0.6a
	32 ± 0.3a

	10
	32.1 ± 0.3a
	32.8 ± 0.3a

	11
	32.5 ± 0.3a
	33 ± 0.2a

	12
	31.5 ± 0.5a
	32.6 ± 0.5a

	13
	30.9 ± 0.8a
	31.7 ± 0.6a

	14
	32.4 ± 0.3a
	32.5 ± 0.6a

	15
	30 ± 0.6a
	31.7 ± 1.2a

	16
	27.2 ± 1b
	31.8 ± 1a

	17
	25.2 ± 1.2b
	32.1 ± 0.6a

	18
	25.5 ± 1.3b
	31.4 ± 1a

	19
	24.3 ± 1.3b
	30.1 ± 0.9a

	20
	23.8 ± 0.6b
	28.5 ± 0.8a

	Average
	28.8 ± 0.2b
	31.3 ± 0.1a


The same letter (a or b) on the same column means that there is no significant difference between the batches at the threshold of 0.05.
Effect of acids on the conversion index
The effect of acids on the weekly evolution of the conversion index is presented in Table 4. Among quails from the acidic batch, the conversion index dropped considerably at the start of laying and stabilized from the 15th week. Among quails from the control group, this index decreased at the start of laying then increased from the 16th week of age. With the exception of the first three weeks, the conversion index of quails from the acidic batch is lower than that of the control batch (p ˂ 0.05). On average, the conversion index of quails from the acidic batch is lower (4.2 ± 0.02) than that of the control batch (5.03 ± 0.06).
Table 4 : Effect of acids on the conversion rate of quails
	
	Conversion index

	Age (week)
	Control batch
	Acid batch

	7
	13.5 ± 0.5a
	12.9 ± 0.7a

	8
	10.1 ± 0.7a
	8.8 ± 0.5a

	9
	6.51 ± 0.3a
	5.71 ± 0.5a

	10
	5.28 ± 0.2a
	4.57 ± 0.1b

	11
	4.3 ± 0.1a
	3.65 ± 0.1b

	12
	3.68 ± 0.1a
	3.08 ± 0.2b

	13
	3.08 ± 0.3a
	2.67 ± 0.1b

	14
	3.1 ± 0.1a
	2.67 ± 0.1b

	15
	2.87 ± 0.2a
	2.53 ± 0.03b

	16
	2.91 ± 0.1a
	2.47 ± 0.1b

	17
	3.04 ± 0.2a
	2.52 ± 0.1b

	18
	3.47 ± 0.3a
	2.5 ± 0.1b

	19
	3.8 ± 0.2a
	2.51 ± 0.1a

	20
	4.7 ± 0.2a
	2.4 ± 0.1b

	Average
	5.03 ± 0.06a
	4.2 ± 0.02b


The same letter (a or b) on the same column means that there is no significant difference between the batches at the threshold of 0.05.
3.1.4. Economic performance 
Table 5 presents the effect of supplementing drinking water with acids on the economic performance of quails. It appears from this table that the gross feed margin (GFM) of the quails from the acid batch is higher (230,800 ± 1,250 F CFA / 100 quails) than that of the control batch (185,700 ± 2,805 F CFA / 100 quails) at the threshold of 5 %. The combined use of phosphoric and formic acids in drinking water made it possible to obtain an additional gain of 45,100 ± 1,250 F CFA for a population of 100 quails.

Table 5: Effect of acids on economic performance of quails
	Parameters
	Control batch
	Acid batch

	Price of the feed used (F CFA/kg)
	350
	350

	Cost of phosphoric acid used in the drinking water of 100 quails
	-
	2800

	Cost of formic acid used in the drinking water of 100 quails
	-
	2000

	Total feed consumption during
  laying period (kg/quail)
	2,82
	3,1

	Feed expenditure per 100 quails
(FCFA)
	98700 ± 2805b
	108500 ± 1250a

	Number of eggs collected per 100 quails
(7 to 20 weeks of age)
	6321
	7540

	Number of boxes of 20 eggs obtained
	316
	377

	Unit price of packaging (Boxes + labels) (FCFA)
	100
	100

	Total cost of packaging (boxes + labels)
for 100 quails (FCFA)
	31600
	37700

	Unit selling price of eggs/boxes (F CFA)
	1000
	1000

	Gross food margin / 100 quails / eggs (F CFA)
	185700 ± 2805b
	230800 ± 1250a

	Additional gain / 100 quails / eggs (F CFA)
	45100 ± 1250


The same letter (a or b) on the same column means that there is no significant difference between the batches at the threshold of 0.05.
3.1.5. Egg quality
Table 6 presents the evolution of egg quality parameters of the quails. It appears from this table that the shape index of eggs of quails of the control batch and those of the acid batch are significantly identical (p > 0.05). Regarding egg weight, it increased with age of the quails fed the acid supplemented diet while the quails of the control group recorded a drop in egg weight at the 16th week of age. Over the entire trial period, the average weight of eggs from the acidic batch was significantly higher (12.4 ± 0.1 g) than that from the control batch (10.6 ± 0.2 g) at 5% threshold. Regarding the proportion of shell, white and yolk, no significant difference was revealed between the two batches (p > 0.05). No significant difference was revealed for yolk coloring between eggs from the acidic batch and those from the control batch (p > 0.05). For Haugh units, eggs of quails from the acidic batch presented significantly higher values than those of the control batch from the 12th week of age (p ˂ 0.05). On average, the Haugh unit of eggs from the acidic batch is 89.1 ± 0.9% compared to 82.6 ± 1% for the control batch.

Table 6 : Effect of acids on quail egg quality
	Parameters
	batches
	Age (week)
	
Average

	
	
	8
	12
	16
	20
	

	Shape index (%)
	control
	78.0 ± 0.6a
	77.8 ± 0.5a
	77.4 ± 1a
	77.2 ± 1.2a
	77.6 ± 1.2a

	
	Acid
	77.9 ± 0.4a
	77.5 ± 1.2a
	77.3 ± 0.5a
	77.3 ± 0.7a
	77.5 ± 0.7a

	Egg weigth (g)
	control
	9.3 ± 0.04a
	11.7 ± 0.1b
	11.2 ± 0.02b
	10.1 ± 0.08b
	10.6 ± 0.2b

	
	Acid
	9.5 ± 0.03a
	12.8 ± 0.04a
	13.4 ± 0.04a
	13.7 ± 0.1a
	12.4 ± 0.1a

	Shell (%)
	control
	14.1 ± 0.8a
	12.1 ± 1.3a
	13.1 ± 0.9a
	13.4 ± 1a
	13.2 ± 0,9a

	
	Acid
	14.3 ± 0.5a
	14.9 ± 1.6a
	15 ± 0.7a
	15.2 ± 1.6a
	14.9 ±0.7a

	White (%)
	control
	59.5 ± 1.3a
	55.2 ± 0.5a
	56.3 ± 0.7a
	57.4 ± 1a
	57.1 ± 1.3a

	
	Acid
	58.7 ± 0.9a
	55.9 ± 1.2a
	54.8 ± 1.5a
	53.9 ± 0.6a
	55.8 ± 1.1a

	Yolk (%)
	control
	26.3 ± 0.7a
	32.6 ± 0.7a
	30.5 ± 0.7a
	29.2 ± 1.1a
	29.7 ± 1a

	
	Acid
	27 ± 1.1a
	29.1 ± 1.2a
	30.2 ± 1a
	30.9 ± 0.8a
	29.3 ± 0.9a

	Yolk coloring
	control
	7.81 ± 0.08a
	7.98 ± 0.1a
	7.9 ± 0.03a
	7.67 ± 0.07b
	7.84 ± 1a

	
	Acid
	7.82 ± 0.1a
	7.96 ± 0.04a
	8.33 ± 0.05a
	7.99 ± 0.03a
	8.03 ± 0.9a

	Haugh Unit
	control
	88.5 ± 1.2a
	85.1 ± 0.8b
	80.5 ± 1b
	76.1 ± 0.1b
	82.6 ± 1b

	
	Acid
	90.2 ± 0.8a
	90 ± 1a
	88.5 ± 0.9a
	87.7 ± 1.4a
	89.1 ± 0.9a


For each parameter, the same letter (a or b) in the same column means that there is no significant difference between the batches, at the 5% threshold.
3.2. Discussion
During production, the use of phosphoric and formic acids in oral solution improved the laying rate of quails by 12.4 ± 0.5%. The improvement in the laying rate recorded in the quails that received the acid-supplemented drink could be explained by greater availability of nutrients. The more rapid drop in the laying rate after the peak of production, for the quails of the control batch, would be due to the digestive disorders recorded. These digestive disorders recorded led to a drop in food consumption and subsequently a drop in egg production.
The results showed that mortality and morbidity rates were lower for the quails watered with acid-supplemented water. These low levels are due to the fact that phosphoric and formic acids had a bacteriostatic action against the pathogens causing digestive disorders. Acidification of drinking water to a pH of 3.5 would have inhibited the growth of most pathogenic bacteria present in the quail's digestive tract. According to Anses (2021), the growth of salmonella is inhibited when the pH is below 3.8. Furthermore, the effectiveness of an acid in inhibiting bacteria is dependent on its dissociation constant pKa (acidity constant) which is evaluated as the pH at which 50% of the acid dissociates. Thus, the lower the pKa of an organic acid, the greater its strength and its reducing effect on the pH of the gastrointestinal system of animals (Gao et al., 2021). Phosphoric acid has a high degree of dissociation and the speed is fast, so it can quickly reduce the pH of feed in the stomach (Xiao et al., 2016). The mode of action of formic acid for the reduction of bacteria is linked to the intracellular accumulation of hydrogen ions, which increase energy expenditure and disrupt intracellular functions. Formic acid is able to cross the cell membrane of bacteria. Once inside the cell, the acid dissociates to produce H+ ions, which reduces the cell's pH, forcing the body to use its energy to try to restore the normal balance. Anions produced from the acid can disrupt DNA and protein synthesis, putting the organism under stress and unable to replicate (Kim et al., 2015). Thus, the acids used would have had both a bacteriostatic and bactericidal action. This dual action made it possible to strengthen immunity, hence this low mortality and morbidity rate for the quails of the acidic batch. The high mortality rate recorded with the quails of the control batch may be due to the parasitic diseases present in this batch. These digestive pathologies are mostly due to microbial contamination of drinking water by salmonella and coccidia present in stools. Regarding feed consumption, the acids used in this trial did not affect the feed consumption of quails from the 7th to the 15th week of age. The drop in feed consumption recorded from the 16th week of age in the quails from the control group is due to their health condition. Indeed, the quails from the control group, which did not receive any additional acid in the drinking water, developed digestive pathologies such as ascariasis and coccidiosis; which could justify the higher morbidity rate in the quails of the control group. The pathologies lead to a destruction of the intestinal epithelium of quails and subsequently a reduction in feed consumption as stated by El-Morsy et al. (2016).
In terms of the conversion index, the quails which had their drink supplemented with acids showed a significant improvement in the conversion index compared to the quails from the control batch (p < 0.05). The conversion index is best when it is as low as possible (Bouatene et al., 2012). This improvement can probably be due to better nutrient utilization by the quails; which made it possible to obtain a better conversion index from the 10th to the 20th week of age. The results of this study are consistent with the work of Youssef et al. (2016) and those of Khan et al. (2016), who reported that acid supplementation improves feed efficiency in quails. Indeed, reducing the pH of drinking water to 3.5 by using phosphoric and formic acids would have transformed pepsinogen into pepsin in the stomach of the quail, as stated by Recoules et al. (2015); which would have favored the digestion of the proteins contained in the feed ration. Pepsin is an enzyme that degrades feed proteins by hydrolyzing peptide bonds. This enzyme is essential for the hydrolysis of proteins and peptides to make amino acids available to the quail. According to Kim et al. (2015) and Ghadeer (2019), the use of organic acids in animal feed increases gastric proteolysis, thus improving protein bioavailability. In addition, the acids used in drinking water would have improved the bioavailability of minerals such as calcium and phosphorus contained in the ration (Cloutier & Klopfenstein, 2015; Youssef et al., 2016).
Regarding the physical quality of eggs, the use of the combination of phosphoric and formic acids did not affect the shape index of quail eggs. The shape indices of quail eggs from the acidic batch and that of the control batch recorded are close to those of Moula et al (2014). The weight of the eggs of the quails watered with the acidified drink was higher than those of the control batch. This improvement could be due to the increase in the availability of nutrients for their formation. According to Kim et al. (2015), formic acid increases the bioavailability of phosphorus in diets fed to chickens. The increase of egg weight could be partly explained by the increase of the weight of the different components of the egg. The freshness of the egg, represented by Haugh units, decreases with the age of the quails. The results of the present study corroborate those of Zita et al. (2013). The improvement of the Haugh unit values of eggs from the acid batch compared to those from the control batch may be due to a reduction in bacterial contamination of the eggs, thereby improving the keeping quality. This improvement in the freshness of the eggs increases their shelf life; which reduces the number of eggs downgraded during sale. Regarding the economic performance of quails, the supplementation of drinking water with acids made it possible to obtain an additional gain of 45,100 ± 1,250 F CFA for a population of 100 quails. This improvement can be justified by the antibacterial effects of acids and their ability to improve nutrient digestion. The results of the present study are consistent with those obtained by Khan et al. (2016).
4. CONCLUSION
This study made it possible to evaluate the combined effect of phosphoric acid and formic acid on the laying performance, economic performance and egg quality of Japanese quail. It appears that supplementing drinking water with phosphoric and formic acids was beneficial for quails. The presence of these acids in drinking water improved the health status, laying rate and conversion rate of quail. Economically, the supplementation of drinking water with phosphoric and formic acids made it possible to obtain an additional gain of 45,100 ± 1,250 F CFA for a population of 100 quails.
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