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ABSTRACT
Organic acids have been demonstrated as a substitute for antibiotic growth promoters in poultry production; however, research is still being conducted due to the contradictory results in the biological and economic performances of poultry birds. This study was conducted to evaluate the effect of organic acids on laying performance, egg quality traits, and economic efficiency of commercial layer hens. In a complete randomized design, 260, 25-week-old layer hens weighing an initial BW of 1609 ± 18. 5g were randomly assigned to 5 treatment groups consisting of 4 replicates. Treatments were basal diets without any additive (T1); with 30mg oxytetracycline (T2), with 16gm citric acid (T3), 8gm malic acid (T4); and a combination of 8g citric + 4gm malic acid (T5) per kg of basal diets. The result revealed that a significantly higher difference (p<0.001) was observed in hen day egg production, egg quality traits, and FCR. However, there was no significant difference (P>0.05) recorded among treatment groups in body weight gain and feed intake. Layer hens fed on organic acid diets improved the hen-day egg production by 85.51% to 86.54% as compared to T1 (77.75%) and T2 (80.07%). Overall, mixed acid (T5) reflected the highest performance in terms of FCR, albumin weight, egg mass, total return, and net profit. T5 improved the profitability by 13.26% and 11.82% and relative economic efficiency by 16.83 % and 17.40% than T1 and T2, respectively. In conclusion, all dietary organic acids supplementation can replace the antibiotic effectively, but mixed organic acid does the best in terms of both the biological and economic performance of layer hens.
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1. INTRODUCTION 
Antibiotics have been extensively used to boost the production performance of commercial egg layer chickens [1], by reducing pathogenic bacteria and modulating gastrointestinal microbiota [2, 3]. However, due to the development of antibiotic resistance, the use of antibiotics as performance promoters for poultry production was banned by the European Union in 2006 [4]. Prohibition of antimicrobials has significant impacts on poultry product demand, particularly in light of the world’s expanding population. There is an urgent need for new feed additive alternatives to improve performance in poultry, safeguard health, and foster sustainable production without the use of antibiotics. Consequently, scholars are continuously searching for other alternatives [5], to improve feed efficiency and animal health [6], and reduce the cost of production [7]. Among other alternatives, organic acid feed additives have gained great attention because of their antimicrobial activity against pathogenic bacteria and the fact that these compounds can induce a pH reduction in the gastrointestinal tract, which can improve nutrient utilization in poultry diets [8, 9]. Organic acids are generally regarded as safe and have been approved by most member states of the EU to be used as feed additives in animal production [10]. According to [11], organic acid supplementation of laying hens' diets has a positive effect on feed conversion efficiency, persistency of egg laying, egg quality parameters, and economic viability. 
Maintaining egg quality is essential to ensure its quality with safety to achieve higher egg production and economic efficiency [12]. Organic acid supplementations improve egg quality traits which are the most important influencing factors of economic profitability in the egg production poultry industry [6, 13]. Dietary organic acids can inhibit the growth of harmful microorganisms in the feed [13] and consequently maintain the microbial balance in the gastrointestinal tract [11]. Moreover, organic acids help to maintain an optimum pH in the stomach [14], which allows correct activation and function of proteolytic enzymes for enhanced protein digestion in the stomach, and stimulates feed consumption [15]. Moreover, organic acids increase the digestibility of peptides and mineral micronutrients like Ca, P, Mg, Zn, and Mo and also serve as substrates in the intermediary metabolism [13].
Although the role of different organic acids in improving feed utilization, growth, egg quality, and economic efficiency has been well documented, their dose, combination, and inclusion levels in the diet have been questioned by many researchers [16]. Moreover, there is scanty information on dietary supplementations of citric acids malic acid and their combined effects on laying performance, egg quality traits, and economic feasibility of commercial laying chickens. Additionally, there is a lack of knowledge on the effect of dietary organic acids supplementations in poultry nutrition as a whole, and in commercial egg-laying nutrition as a specific in Ethiopia. Therefore, the current study aims to evaluate the effect of dietary organic acid supplementation on laying performance, egg equality traits, and economic efficiency of commercial egg-laying hens.

2. MATERIALS AND METHODS
 
2.1 Study site
The study was carried out at the poultry farm of the Bahir Dar University Agricultural Development Center at the College of Agriculture and Environmental Sciences, Zenezelema Campus, Bahir Dar, Ethiopia, for 120 days. During the study period, daily reading data of the inside experimental house temperature and relative humidity were taken in Celsius degree and percent, respectively with the help of a Digital Thermo-Hygrometer. The average temperature was 23.76 0C with 30.53 0C maximum and 16.69 0C minimum and 59.93% of relative humidity was recorded. The average mean temperature-humidity index (THI) during the experimental period was 70.10% (Figure 1).

Figure 1: Average temperature, relative humidity, and temperature-humidity index of the experimental house during the study period (120 d).

2.2 Experimental layer hens and their management
A total of two hundred sixty, 25 weeks of old Bovance Brown layer hens were used in this feeding trial experiment. The study was conducted in a poultry farmhouse with partially open sides covered with a wire mesh. The experimental house was cleaned using tap water and disinfected by formalin (10%). Surrounding areas and all equipment were cleaned thoroughly and disinfected before the hens’ arrival. Based on the floor space requirement per layer birds, the house was partitioned into 20 separate pens of equal size (2 x 2 m2) using wire mesh.  Each pen was provided with feeding and watering troughs and egg-laying nests. A suitable wood shaving litter material was spread evenly over the floor of each pen to a depth of 10 cm. For the control of light, a 100-watt electric bulb was used. Electric light was provided in the experimental house for 18 hours. The layer hens were first examined for external anatomical defects, individually weighed with an electrical sensitive balance, and randomly distributed into 20 pens, consisting of 13 birds per pen. They were acclimated to experimental diets for 7 days and fed for 120 days. Throughout the feeding trial period, mash-type feed was provided based on the breeder guideline of Bovance Brown layer hens. Strict bio-security measure was taken and a footbath was used at the gate of the experimental house.

2.3. Experimental design and treatments
The experiment was conducted in a complete randomized design consisting of 5 treatments with 4 replications per treatment. A total of 260-layer chickens with an average body weight of 1609.28 ± 18.45g were randomly assigned to the treatments, consisting of 52 chicks per treatment (13 layers of chickens per replicate). The experimental treatments were a basal diet without supplementation (T1); 30 g/kg oxytetracycline (T2); with 16 g/kg citric acid (T3); 8 g/kg malic acid (T4); and with mixture of 8 g/kg citric and 4 g/kg malic acid (T5). The experimental diet was a mash-type commercial layer feed that was purchased from a commercial animal feed factory. The chemical composition (% dry matter basis) of commercial layer feed is shown in Table 1. Organic acids and oxytetracycline (OTC) were purchased from local suppliers. Then both the organic acids and OTC were added on top of the basal feed and mixed thoroughly.

Table 1: Chemical composition of commercial layer hen diet (% dry matter basis)
	Parameters
	Proportions

	Metabolizable energy (kcal/kg)
	2800

	Crud protein (%)
	16.5

	Crud fat (%)
	6

	Crude fiber (%)
	6

	Ash (%)
	12.5

	Calcium (%) 
	3.2

	Moisture (%)
	11




2.4 Data collection and measurements
2.4.1 Production performance
Feed intake: Feed offered and refused per pen were taken throughout the experimental period. Refused feed per pen was collected and measured the next morning before giving the daily feed. Feed intake was calculated as a difference of feed offered and refused. Then mean daily feed intake was calculated by dividing daily feed intake by the number of hens multiplied by the experimental period.
Body weight gain: The experimental layer hens were weighed individually on the first day of the commencement of the experiment (initial weight) and then the final weight was taken at the end of the trial. The average body weight gain for each replicate was calculated by subtracting the initial weight from the final weight and dividing by the number of layers.
Egg production: Eggs in a pen were collected three times a day (9:00, 11: 00 and 15: 00), and the sum was taken as daily egg production. The rate of lay for each replicate was expressed as the average percentage of hen-day egg production. According to Hunton (1995), the percentage of hen-day egg production (HDEP) was calculated as the number of eggs collected per day divided by the number of hens present that day multiplied by 100.
Egg weight and egg mass: The collected eggs were individually weighed immediately after collection for each replication and then the average egg weight was calculated by dividing the total sum of egg weight by the number of eggs. After the average egg weight was determined, egg mass daily was calculated by following the formula. 
Egg mass (g/hen/day)   = Number of eggs per day x Average egg weight per replicate
                                                         Number of layer hens per replicate
 Feed conversion ratio: The feed conversion ratio (FCR) was determined by dividing the average daily feed intake by the average daily egg mass.
Survivability of layer hens: Throughout the study period, the death of hens was recorded as it occurred. At the end of the study, the mortality percentage was calculated by dividing the sum of dead hens by the number of originally stocked hens multiplying by 100. Then after, the survival rate of layer hens was calculated by subtracting the percentage of mortality from 100.
2.4.2 Egg Quality Evaluation Parameters 
During the experimental period, egg quality parameters were assessed every two weeks. Each time, 12 fresh eggs per treatment (3 eggs per replicate) were randomly selected for external and internal egg quality evaluation.
External egg quality: Egg weight, egg length, egg width, shape index, shell weight, shell thickness, and shell ratio were determined. The individual eggs were weighed with a digital sensitive balance to the nearest 0.01gm accuracy. The egg length and breadth were measured with an electronic digital caliper and expressed in millimeters (mm) and the egg shape index was calculated as the ratio of width to length multiplied by 100 (Smith, 2001). Eggshell weight and thickness were measured after the eggshell was broken on flat, smooth, and transparent glass placed on the leveled table. The weight of eggshells with membranes was measured in grams. After the shell membranes were removed eggshell thickness was determined by measuring the two ends (narrow and wide) and middle part of the eggshell with an electronic digital caliper, then the average was taken as the eggshell thickness.
Internal egg quality: Internal quality traits such as albumin and yolk heights were measured using a tripod micrometer (TSS, ENGLAND). Yolk weight was determined using a sensitive balance and albumen weight was calculated as egg weight minus the sum of yolk and shell weight. Albumen and yolk ratios were calculated by taking their weights as the percentage of total egg weight. The Yolk diameter was measured using a ruler. The yolk-to-albumen ratio was calculated as the weight of the yolk divided by the weight of albumen multiplied by 100. The Haugh Unit value was calculated according to Haugh (1937), using the formula: HU= 100 log (H + 7.57-1.7W0.37); Where: HU = Haugh Unit; H = Observed height of the albumen (mm); W= Weight of the eggs in grams.

2.4.3 Economic Analysis
Evaluation of the economic parameter was estimated based on the egg production performance of single-layer birds. Estimation of total fixed cost (TFC) includes cost for experimental house preparations and equipment. Total variable cost (TVC) was estimated from costs of management, feed, and feed additives (oxytetracycline, citric and malic acids). Total cost (TC) was estimated as the sum of TFC and TVC. Total return (TR) was calculated from the sale price of one egg in the market, net profit (NP) was calculated by subtracting TC from TR and the benefit-cost ratio (BCR) was estimated as the ratio of TR to TC. To examine the economic advantage of dietary organic acids supplementation in both control groups (T1 and T2), the percentage of economic efficiency (%EE) was calculated as the ratio between NP divided by TC multiplied by 100. The net profit margin (NPM) was calculated by dividing the NP by the TR, and the obtained result was multiplied by 100. Similarly, added costs were calculated as the ratio of additives cost divided by TC and TVC multiplied by 100. To evaluate the relative economic efficiency (REE) of dietary organic acids, the percentage of REE was calculated as the ratio between the economic efficiency percentages of organic acids groups to the economic efficiency percentage of control groups.

2.5 Statistical Analysis
Data were subjected to one-way ANOVA using the general linear model (GLM) procedure of SAS (Version 9.2, 2002) with the model consisting of treatments. Tukey’s test was employed to identify the significant difference between the treatment means at p<0.05. The statistical model used was Yij = μ + Ti + eij, where Yij is the response variable, Ti is the treatment effect (of the ith treatment), μ is the overall mean, and eij is the random error.


3. RESULTS
3.1 Effect of Dietary Organic Acid Supplementations on Production Performance of Commercial Layer Hens
The effect of the dietary organic acids supplementation on the production performance of Bovance Brown layer hens is presented in Table 2. Feed intake and body weight change of layer hens did not differ (P>0.05) among treatments. Organic acid-supplemented groups had a higher percentage of hen-day egg production and egg mass than T1, while the value for T2 was similar with all treatments except T5. Egg weight was lower (P<0.05) in T1 as compared to organic acid-treated diets (T3, T4, and T5), while the values for T1 and T2 were similar.  Layer hens fed organic acid-treated diets had better (P<0.001) feed conversion ratios than T1. A lower (P>0.05) survivable rate of hens was observed in T1 than in the rest treatment groups.
Table 2: Effect of dietary organic acids supplementation on production performance of Bovans Brown layer chickens
	Parameters
	T1
	T2
	T3
	T4
	T5
	SEM
	P-value

	Feed intake (g/hen/day)
	118
	118
	117
	117
	117
	0.541
	0.394

	Initial body weight (g/hen)
	1610
	1610
	1610
	1608
	1609
	18.454
	1.000

	Final body weight (g/hen)
	1782b
	1803ab
	1805ab
	1799ab
	1816a
	6.860
	0.042

	Body weight change (g/hen)
	172
	193
	195
	191
	207
	19.737
	0.797

	Hen-day egg production (%)
	77.6c
	81.5bc
	85.5ab
	85.2ab
	88.8a
	1.644
	0.002

	Egg weight (g)
	60.8b
	62.9ab
	63.4a
	63.4a
	64.6a
	0.615
	0.008

	EM (g/hen/day)
	47.2c
	51.4bc
	54.2ab
	54ab
	57.4a
	1.269
	0.001

	FCR
	2.51a
	2.32ab
	2.16bc
	2.18bc
	2.05c
	0.059
	0.001

	Survivability (%)
	94.2b
	100a
	100a
	100a
	100a
	0.859
	0.001


a, b, c, Means in the same row with different superscripts are significantly different; SEM= standard error of the mean; T1= basal diet only; T2= 30 g oxytetracycline; T3= 16 g citric acid; T4= 8 g malic acid; and T5= combination of 8 g citric acid and 4 g malic acid per 1 kg of basal feed.


3.2 Effect of Dietary Organic Acids Supplementation on External and Internal Egg Quality Traits
The effect of dietary organic acids supplementation on external and internal egg quality traits is presented in Table 3. Significant (P<0.001) differences were observed among treatment groups in shell weight, shell thickness, and shell ratio; while egg length, width, and shape index did not differ among treatments. Layer hens fed organic acids-supplemented diets had higher (P<0.001) values in shell weight than T1 and T2. Similarly, T1 had a lower value in shall thickness compared to organic acid-supplemented groups, while the value for T2 was similar with all treatment groups. T5 had a higher shell ratio than all treatment groups, while all the rest groups had similar values in shell ratio. A statistical difference (P<0.05) was observed among treatment groups in yolk color while, no differences were recorded among treatment groups in all other internal egg quality evaluation parameters. Layer hens fed organic acid-supplemented diets had higher (P<0.001) yolk color than both control groups (T1 and T2).

Table 3: Effect of dietary organic acids supplementation on egg quality performance of Bovans Brown layer chickens
	Parameters
	T1
	T2
	T3
	T4
	T5
	SEM
	P-value

	External Egg Quality

	Egg length (mm)
	42.80
	44.19
	43.38
	43.35
	43.87
	0.405
	0.196

	Egg width (mm)
	33.71
	34.29
	33.76
	34.23
	34.11
	0.138
	0.057

	Shape index (%)
	78.80
	77.62
	77.83
	78.98
	77.80
	0.775
	0.619

	Shell weight (g)
	5.65c
	5.86bc
	6.37a
	6.23ab
	6.39a
	0.086
	<0.001

	Shell thickness (mm)
	0.315c
	0.336b
	0.347ab
	0.342ab
	0.354a
	0.003
	<0.001

	Shell ratio (%)
	9.24b
	9.21b
	9.98a
	9.74ab
	9.92a
	0.147
	0.001

	Internal Egg quality

	Albumen weight (g)
	37.13b
	41.03ab
	40.71ab
	40.46ab
	41.33a
	0.941
	0.040

	Albumen height (mm)
	7.86
	7.94
	8.20
	7.56
	8.23
	0.377
	0.721

	Albumen length (mm)
	84.61
	80.37
	77.99
	78.79
	82.25
	2.349
	0.314

	Albumen index (%)
	9.32
	9.91
	10.63
	9.62
	10.06
	0.680
	0.717

	Albumen ratio (%)
	60.70
	64.44
	63.79
	63.27
	64.02
	1.692
	0.563

	Haugh unit
	88.24
	88.00
	89.05
	85.76
	89.37
	2.176
	0.790

	Yolk weight (g)
	16.64
	16.66
	17.12
	17.12
	16.92
	0.281
	0.606

	Yolk height (mm)
	11.93
	12.04
	12.00
	12.19
	11.91
	0.180
	0.826

	Yolk length (mm)
	31.21
	31.81
	31.68
	31.42
	31.43
	0.208
	0.319

	Yolk color 
	3.97b
	4.31b
	5.58a
	5.61a
	5.82a
	0.285
	0.001

	Yolk index (%)
	38.24
	37.85
	37.88
	38.78
	37.89
	0.593
	0.773

	Yolk ration (%)
	27.21
	26.15
	26.82
	26.77
	26.22
	0.495
	0.544

	Yolk - albumin ratio (%)
	44.83a
	40.60b
	42.08ab
	42.41ab
	40.97b
	0.674
	0.004


a, b, c, Means in the same row with different superscripts are significantly different; SEM= standard error of the mean; T1= basal diet only; T2= 30 g oxytetracycline; T3= 16 g citric acid; T4= 8 g malic acid; and T5= combination of 8 g citric acid and 4 g malic acid per 1 kg of basal feed.


3.3 Economic Efficiency of Layer Hens Supplemented Dietary Organic Acid
The effect of dietary organic acids supplementation on the economic efficiency of layer hens is presented in Table 4. Statistical differences (P<0.001) were noticed across treatment groups in total variable cost, total cost, total return, and net profit. No (P>0.05) differences in benefit-cost ratio, profitability percentage, net profit margin, relative economic efficiency, and added costs of dietary organic acid supplementations. Organic acids-supplemented groups had higher total variable and production costs than T1, while, T2 was lower than T3 and T5 but similar to T4.  Layer hens fed organic acid-supplemented groups had higher (P<0.05) values in total return than both control groups (T1 and T2). Net profit was lower (P<0.05) in T1 as compared to organic acid-supplemented groups (T3, T4, and T5), while T2 was similar to organic acid groups.

Table 4: Effect of dietary organic acids supplementation on economic efficiency performance of Bovans Brown layer chickens
	Parameters
	T1
	T2
	T3
	T4
	T5
	SEM
	P-value

	TVC (ETB/ bird)
	559.25c
	585.50b
	604.74a
	595.18ab
	600.68a
	2.462
	<0.001

	TFC(ETB/ bird)
	59.48
	59.48
	59.48
	59.48
	59.48
	0.000
	1.000

	TC (ETB/ bird)
	618.73c
	644.97b
	664.22a
	654.66ab
	660.16b
	2.462
	<0.001

	TR  (ETB/ bird)
	1117.18c
	1173.83bc
	1231.41ab
	1226.78ab
	1279.22a
	23.671
	0.027

	NP (ETB/ bird)
	498.44b
	528.86ab
	567.18ab
	572.12ab
	619.06a
	23.827
	0.004

	BCR
	1.81
	1.82
	1.85
	1.87
	1.93
	0.037
	0.154

	PAP (%)
	80.56
	82.00
	85.38
	87.39
	93.82
	3.729
	0.153

	NPM (%)
	44.59
	44.87
	46.01
	46.63
	48.35
	1.097
	0.163

	Add cost/TC (%)
	0.00e
	3.71d
	7.45a
	5.86c
	6.65b
	0.017
	<.001

	Add cost/TVC (%)
	0.00e
	4.08d
	8.18a
	6.44c
	7.31b
	0.019
	<.001

	REE of OAs from T1 (%) 
	100.00
	102.36
	106.21
	108.67
	116.83
	5.628
	0.299

	REE of OAs from T2 (%)
	100.22
	100.00
	105.98
	108.80
	117.40
	9.656
	0.700


a, b, c, Means in the same row with different superscripts are significantly different, SEM= standard error of mean, T1= basal diet only, T2= 30 g oxytetracycline per 1 kg of basal feed, T3= 16 g citric acid per 1 kg of basal feed, T4= 8 g malic acid per 1 kg of basal feed, and T5= mixture of 8 g citric and 4 g malic acids per 1 kg of basal feed; TFC= Total fixed cost; TC= Total cost; TVC= Total variable cost; TR=Total return; NP= Net profit; BCR= Benefit ability ratio;  PP= Profit ability percentage; NPM=Net profit Margin, REE= Relative economic efficiency; Organic acids OAs  ETB= Ethiopian Birr.









4. DISCUSSION
4.1 Production Performance
The enhanced final body weight of layers given a diet supplemented with organic acids compared to T1 may be attributable to the organic acids' ability to keep the feed and stomach pH lower and an ideal level to control harmful microorganisms, and enabling proper activation and function of proteolytic enzymes, which enhances nutrient utilization for energy production and protein synthesis [17, 18]. It might also be attributed to the antibiotic roles of dietary organic acids. Diets containing organic acids had the greatest impact on reducing pathogenic microorganisms such as E. Coli and Salmonella population in the ileum [19], reducing competition for nutrients between layers and microorganisms [13], the digestibility of feeds and the absorption of nutrients in the gastrointestinal tract increased [15], consequently the nutrient needed for maintenance and production could be secured. Overall, organic acids can exert a good antibacterial effect by destroying the cell barrier, while, their combination may have a synergistic anti-biofilm effect for better results [19]. The better hen day egg production in the dietary organic acid birds recorded in this experiment might be attributed to lowering the pH of digesta and activation of pepsin enzyme activity in the gut enhancing digestion, utilization of nutrients, and reducing the harmful bacteria metabolites. Moreover, diets containing mixed organic acids have synergistic effects on reducing pathogenic microorganisms such as E. Coli and Salmonella population in the ileum [20], reducing competition for nutrients between layers and microorganisms [13], improving health, and increasing digestion and absorption of nutrients. The result of the current study agreed with [21], who reported that dietary organic acids supplementation at 780 ppm significantly increased egg production by about 5.77% compared to the untreated group. Organic acid supplementation at level 520 ppm in the laying hen’s diet improved the persistence of lay feed conversion and eggshell quality during 67-74 weeks of age. Similarly, supplementation of organic acids significantly (p<0.05) increased hen-day egg production by about 2.26, 8.0 and 9.84% on diets containing 260, 520, and 780 ppm organic acids respectively when compared with the untreated group [11] and [22] who reported that 4% citric and % lactic acid and their  8% mixture enhanced egg production and feed conversion.
In this study, dietary organic acid supplementation significantly improved egg weight might be attributed to the positive effect of organic acids on the conversion of digested protein, fat, carbohydrate, and micronutrients into the eggs. Organic acids also enhance the uptake of digested proteins and important minerals [17]. In addition, organic acids play roles in the production of ATP in the cell. These potentially lead to improved energy metabolism and promote protein and fat digestion, deposition, and improve metabolic protein transportation in eggs. As a consequence, organic acids could potentially reduce the use of antibiotic growth promoters in poultry production because of their antimicrobial resistance in human and animal health. The current result disagrees with [11] who reported that there was no statistical difference was observed among organic acids supplementation and control groups on egg weight in comparison with the untreated one. Similarly [23] reported no significant difference was observed among different levels of organic acids and control diets on layer egg weight. This difference might be attributed to many factors including the level of organic acids, basal diet difference, the layer breeds, and the environment where the experiment was done.  In line with this [24] reported that the effects of environment particularly temperature have affected the egg weight of the layer.  In the same trend, the significantly highest egg mass was recorded in Bovance Brown layer hens fed under a mixed organic acids diet. The possible factor for higher egg mass might be due to the positive effect of mixed organic acids on the conversion of digested protein, fat, carbohydrate, and micronutrients into eggs. They also enhance the uptake of digested proteins and important minerals [17]. The result of this study in line [21], he observed that no effect of organic acid on feed intake but improvement in egg mass and feed efficiencies was observed.
The organic acids mixture group (T5) showed an advanced feed conversion ratio compared to other treatment groups. This might be due to the anti-microbial activity of organic acids altering the ileal mucosa by increasing the height and width of the villus; and tunica mucosal width [25], promotes nutrient digestion and uptakes,  and thus can lead to increased feed efficiency. The collective role of citric and malic acids affects layers by increasing the efficiency of nutrient utilization positively, contributing to improved egg weight change, and making birds in T5 best in FCR. The better FCR indicated that mixed organic acid can be successfully used as a feed additive for laying hens. The result was similar to the finding of previous studies, [13, 26], they observed significantly higher FCR in laying hens fed organic acids compared to those fed the basal diet.

4.2 External Egg Quality 
The current study showed a significant improvement in eggshell weight, shell thickness, and shell ratio observed for layer hens fed an organic acids-treated diet. This improvement may be a result of increased mineral and protein absorption (Abbas et al., 2022) and phytate phosphorus utilization (Kaya et al., 2014). This increment in the absorption of minerals is reflected in the increased calcium deposition of the shell and results in improved shell quality (Kaya et al., 2014).  In the current study, layers assigned to mixed organic acid groups were shown to have a better value in shell quality traits; this might be a synergistic effect of combined organic acids rather than single ones to support mineral utilization. According to earlier studies show that the low pH resulting from the use of organic acids [6], leads to an increase in the gut microbial phytase activity as well as phytic acid dissolution [13]. Following this process, the digestion and absorption of calcium and phosphorus were improved [11]. The same result was reported by [13] who observed that the use of organic acids supplements in the experimental diet resulted in a significant increase in eggshell weight from  0.95 (%) for the diet without organic acids supplement to 1.15, 1.05 and 1.04 (%) respectively and eggshell thickness significantly increased from 0.21 mm for diet without organic acids supplements to 0.26, 0.25 and 0.24 mm, respectively. The results of the [12] study indicate that selected feed additives that lower the pH of the diet and intestinal content could have a positive effect on the eggshell quality. In contrast with [25], different levels of dietary supplementing organic acids mixture had non-significant differences in the shell thickness.

4.3 Internal Egg Quality 
Higher albumen weight was noted for layer hens fed in dietary organic acids treated diet than non-treated groups (T1). This might be due to dietary organic acids within the diet led to a significant increase in plasma albumin compared to negative control [27]. In the current study, significantly higher yolk color was observed in all dietary organic acid-supplemented diets (T3, T4, and T5) compared to both control diets (T1 and T2). This shows dietary organic acid supplementation increased yolk color. This might be due to supplementation of dietary organic acid in layers diet may be able to increase absorption of carotenes stored in the diet, then transferred to egg yolk, making it more colorful. The result agreed with the finding of [27], they observed that citric acid at 0.2% in the diet significantly increased egg yolk color compared to negative control. In contrast [25] reported that supplementing the diets of laying hens with different levels of a mixture of dietary organic acid obtained non-significant differences in the yolk color and significant differences in yolk index. According to [11], dietary organic acids had no effect (p>0.05) on shape index, yolk index, Haugh unit, and yolk color score. The differences in the yolk color, albumin index, and shell thickness with the above cited one may be due to variations in the amount and level of the dietary organic acid, layers breeds, and management conditions.

4.4 Economic Efficiency 
Organic acids treated groups recorded higher costs of variable and total costs; it may be largely due to the higher price of dietary organic acid in the diet. However, higher values of total return and net profit were obtained in layers fed organic acid-treated diets. This might be due to the promoting effect of dietary organic acid supplementation on hen-day egg production resulting in higher returns from egg sales. A better profitability percentage was noticed in layer hens fed organic acid-treated groups than in control groups. While mixed organic acid groups had more advanced than single organic acid groups. Moreover, the profitability percentage of T5 was modified by 13.26% and 11.82% than T1 and T2, respectively. The relative economic efficiency was modified by 6.21% (T3), 8.67% (T4) and 16.83% (T5) from negative control; and by 5.98 % (T3), 8.80 % (T3) and 17.40% (T3) from positive control group. The current study is in agreement with [11], that the addition of organic acid with a basal diet increases the economic efficiency of layer productivity.

5 CONCLUSIONS
From the current finding, all dietary organic acid supplementation in egg layer hens improves hen day egg production, egg weight, egg mass, feed conversion ratio, shell weight, shell thickness, yolk color, total return, net profit, and survival rate. However, significantly superior values in laying persistency, laying performance, feed conversion efficiency, shell quality, total return, and net profit were recorded in layers-fed mixed organic acid-treated diets. Also, in the same trend better profitability percentage and relative economic efficiency were recorded from the mixture of organic acids. Conclusively, mixed organic acids at 8g citric and 4g malic acids per 1 kg of egg layer hens’ ration can be recommended as an option for antibiotic feed additives.
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