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Effects of the gradual incorporation of cashew apple bagasse (Anacardium occidentale L.) into the diet on feed conversion and weight parameters in meat quail (Coturnix japonica Temminck & Schlegel, 1849) 	Comment by A.M: The title is a bit long
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ABSTRACT 

	Aims: The aim of this study was to assess the effect of incorporating cashew apple bagasse into the diet on feed conversion and weight parameters in meat quails. 
Methodology: A sample of 270 15-day-old quails, with an average live weight of 29.74 ± 0.66 g, was randomly divided into three groups of 30 quails each, with three replicates per group. They were reared for 3 weeks. Each batch was fed a different type of feed. These were: the control diet (At), with wheat bran as the fibre source; a diet with 25 per cent cashew apple bagasse (A25) incorporated in place of wheat bran; and finally, a diet with 50 per cent cashew apple bagasse (A50) incorporated in place of wheat bran. The cashew apple bagasse was chemically analysed.
Results: Cashew apple bagasse was rich in fibre (117.0 ± 4.17 g/kg of dry matter) and total carbohydrates (709.2 ± 2.18 g/kg of dry matter). The quails fed diet A25 had a higher daily feed intake (20.89 ± 2.98 g/day). The feed conversion ratios in the At (2.88 ± 0.14) and A25 (3.94 ± 1.22) groups were statistically similar, with values lower than that of the A50 group (5.54 ± 1.71). In terms of body weight, the quails fed the control diet recorded a significantly higher average live weight (214.56 g) than those on the other diets. The average daily gain varied according to the diet. It was 6.75 ± 0.83 g/day for the control diet, 5.81 ± 1.85 g/day for the 25% diet and 3.86 ± 1.42 g/day for the 50% diet. 	Comment by A.M: The statistical values ​​(P-values) need to be mentioned in the summary.
Conclusion: This study shows that cashew apple bagasse had a positive effect on feed conversion at an inclusion rate of 25 per cent. Further studies may help to determine the effect of these feeds on the laying performance of meat quails.	Comment by A.M: Not a positive effect, adjustments should be made (it did not have a negative effect) because some production indicators are deteriorating statistically or numerically
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1. INTRODUCTION 

Among short-cycle livestock production sectors, poultry farming plays a leading role due to its growing contribution to food security and to supplying populations with animal protein of high biological value. Globally, poultry production reached approximately 103 million tonnes of meat and 66.4 million tonnes of eggs for human consumption in 2012 (Dahloum, 2017). Among the poultry species farmed, the Japanese quail (Coturnix japonica) is of particular interest due to its nutritional and organoleptic qualities and the ease with which it can be reared. Its eggs are notably rich in protein, essential amino acids – particularly leucine – and vitamin E (Tunsaringkarn et al., 2013). Furthermore, this species is characterised by its rapid growth (Carvalho et al., 2020) and relatively high resistance to several diseases affecting other poultry species (Fadhilah et al., 2020), making it an attractive alternative for the development of poultry farming.
However, the profitability of poultry production remains heavily dependent on feed, the quality and cost of which are key determinants of zootechnical performance. Indeed, feed accounts for around 70–80 per cent of production costs in the poultry sector (Katu et al., 2025). In Côte d’Ivoire, feed formulation remains heavily reliant on imported raw materials, notably soya meal and wheat bran, whose fluctuating availability and prices drive up production costs. In response to this constraint, numerous studies have been undertaken to identify local feed resources capable of partially or fully replacing soya meal in poultry feed. In broiler chickens, several studies have thus assessed the potential of cashew nut cake as an alternative protein source (Diomandé et al., 2023; Fofana et al., 2023; Zongo et al., 2026). Similarly, in quail, various local resources have been tested as substitutes for soya meal in order to improve production performance whilst reducing feed costs (N’Guessan et al., 2020; Djinandi et al., 2022; Dembélé et al., 2025; Amani et al., 2026).	Comment by A.M: Duplicate, delete
At the same time, research is increasingly focusing on the utilisation of agro-industrial by-products in animal feed. With this in mind, several authors have investigated the inclusion of dried cashew apples as a source of dietary fibre in diets for broiler chickens (Venkatramana et al., 2020; Oyekola et al., 2024). At low inclusion levels, dietary fibre has beneficial effects on the digestive physiology of poultry. In particular, it promotes the development of the gastrointestinal tract and improves the processes of digestion, fermentation and nutrient absorption (Jha & Mishra, 2021), which can help to optimise feed conversion and growth performance. Among these co-products, cashew apple bagasse – the residue obtained after juice extraction – appears to be a particularly promising resource. Indeed, it has a high dietary fibre content of up to 45 per cent of dry matter (Barroso et al., 2025; Osei et al., 2025). Despite this nutritional potential, its use in poultry feed, and more specifically in quail feed, remains poorly documented.
In light of the above, the utilisation of cashew apple bagasse could constitute a viable strategy for reducing feed costs whilst maintaining, or even improving, the zootechnical performance of meat quails. It is against this backdrop that the present study is conducted, the overall objective of which is to utilise cashew apple bagasse in the diet of the Japanese quail. More specifically, the aim is to evaluate the effects of gradually incorporating cashew apple bagasse (Anacardium occidentale L.) into the diet on feed conversion and weight parameters in meat quails (Coturnix japonica Temminck & Schlegel, 1849).
2. material and methods 

2.1. Study site
The work took place at the quail farm located in the botanical garden of Peleforo GON COULIBALY University in Korhogo. The building is rectangular in shape, constructed from concrete blocks, and measures 14 metres in length and 8 metres in width. The low walls, which are 0.5 metres high, are topped with wire mesh. 
2.2. Material
2.2.1. Experimental biological material
The animal biological material consisted of 15-day-old Cortunix japonica meat quails. They had an average initial weight of 29.74 ± 0.66 g. The biological material tested was cashew apple bagasse.
2.2.2. Feed ingredients
In addition to cashew apple bagasse, the various ingredients used in the formulation of the feed included crushed maize, soya meal, wheat bran, vitamin and mineral supplements, shell flour and salt. 
2.2.3. Livestock material
The rearing equipment consisted of cages made of wire mesh. These comprised four tiers, each with a surface area of 1 m². 3 kg feeders for young birds and 3 litres waterers were used for feeding and watering the birds respectively.
2.2.4. Technical material
For weighing food and animals, there are two electronic scales: one is a Jjoer model with a capacity of 3 kg and an accuracy of 1 g, and the other is a QC.PASS.8 model with a capacity of 0.5 kg and an accuracy of 0.01 g.
2.3. Methods
2.3.1. Formulation and manufacture of feed 
2.3.1.1. Production of cashew apple bagasse.
The harvested cashew apples were first washed twice with clean water, then immersed in a bleach solution at a concentration of 10 ppm for 5 minutes. They were then rinsed again with tap water. Once cleaned and disinfected, the apples were pressed using a hydraulic press at a pressure of 300 bar. The resulting bagasse was sun-dried on tarpaulins for two weeks, then ground into flour using a hammer mill (Coffi, 2025).
2.3.1.2. Formulation of rations
For the feed formulation, three types of diet were used. These were the control diet (At), with wheat bran as the fibre source; diet 25% (A25), containing 25% bagasse and 75% wheat bran; The third diet (A50) consisted of 50 per cent cashew apple bagasse and 50 per cent wheat bran. To prevent poisoning from mould and other pathogenic organisms associated with feed spoilage, the feed was produced every five days. The centesimal composition of the feeds is shown in Table 1.
Table 1. Percentage composition of the various experimental diets
	Ingredients (g)
	At
	A25
	A50

	Corn
	65
	65
	65

	Soya meal
	24
	24
	24

	Cashew apple bagasse
	0
	1.25
	2.5

	Wheat bran
	5
	3.75
	2.5

	Shell flour
	1
	1
	1

	Salt
	1
	1
	1

	Mineral and vitamin supplement
	4
	4
	4

	Total
	100
	100
	100


* At: Feed containing 100% wheat bran; A25: Feed containing 25% cashew apple bagasse; A50: Feed containing 50% cashew apple bagasse.

2.3.2. Chemical analysis of feed
The chemical analyses carried out on cashew apple bagasse and the various diets formulated were intended to determine the dry matter, mineral matter, fat, crude protein, crude fibre, total carbohydrates and metabolisable energy contents in the various samples. This chemical characterisation was carried out at the Animal Production and Zootechnics Laboratory of the Félix HOUPHOUËT-BOIGNY National Polytechnic Institute in Yamoussoukro, in accordance with the methods described by AOAC (1990; 2011), Folch et al. (1957) and FAO (2003).
2.3.3. Experimental procedure and data collection
2.3.3.1. Distribution of animals
A total of 270 animals were used in this experiment. They were randomly allocated to three (3) groups of 30 quails each, with three replicates per group. Each group was fed a different type of feed. Thus, the first group was fed the control diet (AT), the second group was fed diet A25, and the third group was fed diet A50. 
2.3.3.2. Farming practices and data collection	Comment by A.M: • Vitamin and mineral supplement composition: not listed!!!
• Growing conditions: temperature, humidity, lighting - not listed!!!!
The rearing period was divided into two phases: the growth phase, from 15 days of age to 28 days of age, and the finishing phase, from 29 days of age to 42 days of age. The birds were housed at a density of 30 quails per square metre. They were fed twice a day on an ad libitum basis. Every morning, before feeding, the uneaten feed and the feed distributed were weighed by batch. In addition, the quails were weighed every five days, as well as on the 28th, 29th and 42nd days of age. Water was provided twice a day during feeding. Feeders and drinkers were cleaned daily with soapy water and rinsed with water. The litter was changed every five days.
2.3.4. Presentation of results
The various data collected were used to calculate the average weight of the animals (WA), the Average Daily Gain (ADG), the daily feed intake (DI) and the Consumption indice (CI). All these parameters were calculated using the following formulae: 
WA (g) = Σ (Iw − Fw) / Ta (Lébas et al., 2007)
Pi = Initial weight of the animals at the start of the trial; Fw = Final weight of the animals at the end of the trial; Ta = Total number of animals. 
ADG (g/j) = Σ (Iw-Fw) / ΔT (Lébas et al., 2007)
ΔT = Rearing period.
DI (g/j) = (Amount of feed dispensed – Amount of feed rejected) / Number of quails
CI = Amount of food over a period / Weight gain over the same period
2.3.5. Statistical analyses	Comment by A.M: ANOVA (Analysis of Variance) should be used followed by Tukey's or Duncan's test for post-hoc comparisons.
The normality and homogeneity of the data were checked using the Shapiro test. Average daily gain, average feed intake and average feed conversion ratio were compared using Student’s t-test. The significance level was set at 0.05. All these analyses were carried out using STATISTICA 7.1 software.

3. results 

3.1. Chemical composition of bagasse and the various growth regimes
3.1.1. Chemical composition of cashew apple bagasse
The dry matter content was 893.2 g per kg of bagasse (Table 2). The contents of fat, crude protein, total carbohydrates, ash and crude fibre were 51.0 g, 105.7 g; 709.2 g, 24.6 g and 117.0 g per kg of dry matter, respectively. As for metabolisable energy, this was 3,335 kcal per kg of dry matter.
Table 2. Chemical composition of cashew apple bagasse
	Chemical parameters
	Contents (g/kg)

	Dry matter
	893.2 ± 2.68

	Fat content
	51.0 ± 0.07

	Crude protein
	105.7 ± 0.07

	Total carbohydrates
	[bookmark: _Hlk235809834]709.2 ± 2.18

	Ashes
	24.6 ± 0.50

	Crude fibre
	[bookmark: _Hlk235809805]117.0 ± 4.17

	Metabolisable energy (kcal/kg)
	3335



Table 3 shows the chemical compositions of the diets used in this experiment. Analysis of this table indicates that the dry matter contents of diets A25 (90.33 per cent) and A50 (90.00 per cent) were higher than that of the control diet, which was 87.33 per cent. As for crude fibre content, this was broadly similar across the three diets, with levels of 3.00 per cent, 3.23 per cent and 3.53 per cent in diets At, A25 and A50 respectively. The highest mineral content was recorded in the A25 diet (3.83%), whilst the lowest was observed in the control diet (3.50%). The crude protein content was highest in the control diet (19.56 per cent) and lowest in the A25 diet (11.63 per cent). As for fat content, feed A25 recorded the lowest value (2.38 per cent), whilst the control feed had the highest value (3.49 per cent). Metabolisable energy was higher in the control diet, at 2,757.7 kcal/kg dry matter, whilst the tested diets were broadly similar, at 2,363.9 kcal/kg and 2,373.2 kcal/kg for diets A25 and A50 respectively.
Table 3. Chemical composition of the diets used during the experimental period
	Chemical parameters
	At
N=3
	A25
N=3
	A50
N=3

	Dry matter (%)
	87.33 ± 0.37
	90.33 ± 0.31
	90.00 ± 0.33

	Mineral matter (%)
	3.50 ± 0.31
	3.83 ± 0.17
	3.66 ± 0.11

	Crude protein (%)
	19.56 ± 0.27
	11.63 ± 0.21
	11.74 ± 0.27

	Fat content (%)
	3.49 ± 0.45
	2.38 ± 0.13
	2.45 ± 0.18

	Crude fibre (%)
	3.00 ± 0.17
	3.23 ± 0.10
	3.53 ± 0.11

	Metabolisable energy (kcal/kg)
	2757.7
	2363.9
	2373.2


* At: Feed containing 100% wheat bran; A25: Feed containing 25% cashew apple bagasse; A50: Feed containing 50% cashew apple bagasse.

3.2. Daily feed intake and the consumption index 
The mean values for daily feed intake and feed conversion ratios during the experimental period for the three experimental diets are shown in Table 4. The quail groups fed diets At, A25 and A50 consumed 17.48 ± 3.77 g/day, 19.76 ± 3.43 g/day and 17.44 ± 4.43 g/day respectively during the growth phase. Statistical analysis revealed a higher feed intake (22.33 ± 1.39 g/day) in the birds fed diet A25 (Student’s t-test, P = 0.001) during the finishing phase. However, feed intake in the At (21.66 ± 0.97 g/day) and A50 (21.16 ± 1.4 g/day) groups did not differ statistically significantly according to Student’s t-test (P = 0.36). In contrast to the finishing phase, the average feed intake throughout the entire experimental phase was lower (Student’s t-test, P = 0.001) in the control groups (19.32 ± 3.55 g/day) and the A50 group (19.07 ± 3.89 g/day) compared with that of the A25 diet (20.89 ± 2.98 g/day). 
As regards the consumption indices (CI) for the three diets, these were 2.81 ± 0.18 (At), 4.66 ± 1.49 (A25) and 6.54 ± 2.01 (A50) during the growth phase, with a significantly (P = 0.02) lower CI for the At and A25 regimes. During the finishing phase, they all differed statistically (Student’s t-test, P = 0.05), with the highest value observed in the A50 diet (4.53 ± 0.46) and the lowest in the control diet (2.96 ± 0.03). Throughout the experimental phase, feed conversion ratios were low in animals on the control (2.88 ± 0.14) and A25 (3.94 ± 1.22) diets and high (Student’s t-test, P = 0.01) in those on the A50 diet (5.54 ± 1.71).
Table 4. Feed intake and feed conversion ratio of quails on three different diets
	Rearing period 
in days of age
	At
N=90
	A25
N=90
	A50
N=90
	
P-value

	
	Ingested food (g/j)
	

	Growth (15 à 28 days)
	17.48 ± 3.77a
	19.76 ± 3.43b
	17.44 ± 4.43a
	0.001

	Finish (29 à 42 days)
	21.66 ± 0.97a
	22.33 ± 1.39a
	21.16 ± 1.47a
	0.36

	Breeding (15 à 42 days)
	19.32 ± 3.55a
	20.89 ± 2.98b
	19.07 ± 3.89a
	0.001

	
	Consumption indice
	

	Growth (15 à 28 days)
	2.81 ± 0.18a
	4.66 ± 1.49a
	6.54 ± 2.01b
	0.02

	Finish (29 à 42 days)
	2.96 ± 0.03a
	3.23 ± 0.09b
	4.53 ± 0.46c
	0.05

	Breeding (15 à 42 days)
	2.88 ± 0.14a
	3.94 ± 1.22a
	5.54 ± 1.71b
	0.01


* At: Feed containing 100% wheat bran; A25: Feed containing 25% cashew apple bagasse; A50: Feed containing 50% cashew apple bagasse. Values denoted by different letters within the same row are statistically different (Student’s t-test, P < 0.05).
3.3. Effect of diets on weight parameters in meat quails
3.3.1. Effect of diets on live weight
The live weights of the animals according to the three diets throughout the experiment are shown in Figure 1. Regardless of the type of feed, the live weights of the animals increased steadily until the end of the rearing period. However, at the end of the rearing period, the quails fed the control diet had a mean live weight (214.56 g) that was significantly higher (Student’s t-test, P = 0.01) than those on the other diets: 189.06 g (A25) and 140.82 g (A50).

Figure 1: Effect of diets on live weight in meat quail
* At: Feed containing 100% wheat bran; A25: Feed with 25% cashew apple bagasse incorporated; A50: Feed with 50% cashew apple bagasse incorporated; N=90 for each feed
3.3.2. Effect of different diets on the average daily weight gain of quails
The average daily weight gain figures for the experimental period are shown in Table 5. Animals fed the control diet and diet A25 had average daily weight gains of 6.75 ± 0.83 g/day and 5.81 ± 1.85 g/day, respectively. Animals fed diet A50 recorded a significantly lower average daily weight gain (3.86 ± 1.42 g/day) as determined by Student’s t-test (P = 0.001).
Table 5. Effect of different diets on average daily weight gain
	Weight parameters
	At
N=90
	A25
N=90
	A50
N=90
	P-value

	Initial live weight (g)
	29,74 ± 0,66
	

	Final live weight (g)
	214,56 ± 1,41a	Comment by A.M: Put a period instead of a comma
	198,77 ± 1,78b
	140,07 ± 1,86c
	0,01

	Average Daily Gain 
	6,75 ± 0,83a
	5,81 ± 1,85a
	3,86 ± 1,42b
	0,001


* At: Feed containing 100% wheat bran; A25: Feed with 25% cashew apple bagasse incorporated; A50: Feed containing 50% cashew apple bagasse; Values denoted by different letters within the same row are statistically different (Student’s t-test, P < 0.05).
4. discussion	Comment by A.M: The limitations of the study should be clearly stated at the end of the discussion.
The cashew apple bagasse used in this study had a high total carbohydrate content (709.2 g/kg) and a high metabolisable energy content (3,335 kcal/kg). These results indicate high energy potential. These observations are consistent with those of Akinfala & Tewe (2001), who highlighted the significant calorific value of tropical fruit by-products in animal feed. However, the crude protein content remains moderate (105.7 g/kg), which limits its use as a primary source of protein. When this material is incorporated into quail diets, a progressive imbalance in nutritional intakes is observed depending on the level of inclusion. Thus, in the 25 per cent diet (A25), crude protein levels fell to 11.63 per cent, and to 11.74 per cent for A50, compared with 19.56 per cent in the control diet (At). This significant reduction in protein, an essential component for muscle growth and organ development (Emmans & Kyriazakis, 1997), could constitute a major limiting factor for zootechnical performance. Furthermore, the low fat content in the A25 and A50 diets compared with the control diet results in a reduction in overall energy content. According to Imari et al. (2025), weight gain in chickens increases with an increase in the amount of metabolisable energy in their feed. Yang et al. (2026) made the same observations in their studies on broiler chickens.
Data on daily feed intake revealed that daily feed intake was significantly similar during the finishing phase, in contrast to the growth phase. This observation is thought to be due to compensatory feed intake. Indeed, monogastric animals may adjust their feed intake in order to meet their energy requirements (Oraye & Malto, 2023). Research has shown that feed composition affects feed intake in poultry. Indeed, Keshavarz (2000) states that a balanced formulation promotes better feed intake and increased growth. However, throughout the rearing period, animals fed diet A25 consumed more feed than those in the other treatment groups. This could be due to the low level of insoluble fibre in this diet. Indeed, Jha & Mishra (2021) stated in their research that dietary fibre helps maintain the integrity of the small and large intestines by strengthening the structure and functions of the mucosa and by increasing the population and diversity of commensal bacteria in the gastrointestinal tract. This could improve digestion and, consequently, feed intake. These observations are corroborated by Vivares et al. (2025) in their research, which states that dietary fibre has positive effects when incorporated into broiler feed at levels of up to 10 per cent. However, these authors state that dietary fibre should be incorporated in moderate quantities. Conversely, batch A50, which showed lower feed intake during the growth phase, may indicate a negative effect of the dietary fibre present in this feed. This observation is supported by the work of Pesti & Lewis (2003), who indicate that high levels of certain components, such as fibre, can impair palatability and reduce feed intake. 
The feed conversion ratio (FCR), a key indicator of feed efficiency, deteriorated significantly with the increasing inclusion of bagasse. During the growth phase, the FCR increased as the proportion of cashew apple bagasse in the diet rose. This deterioration could be attributed to the high crude fibre content (117 g/kg) of the bagasse, which may limit nutrient digestibility (Mateos et al., 2002) and cause energy dilution. Although diet A50 shows higher values, it is important to note that these values may be misleading. As Norton (2010) points out, high feed intake levels do not necessarily guarantee improved feed efficiency. The feed conversion ratio must be interpreted with caution, as it may reflect overconsumption in response to poor nutrient digestibility. The results found in this study for animals in groups At and A25 were broadly similar to those obtained by Benagrouba (2022), which were 3.36 for females and 2.65 for males in the finishing phase for quails. As for diet A50, the CI was broadly similar to that found by Benagrouba (2022), which was 5.03 for female quails and 4.05 for male quails throughout the rearing period. 
The effect of diets on the weight gain of quails is particularly marked. Quails on the control diet reached a final weight of 214.56 g, compared with 189.06 g (A25) and 140.82 g (A50), demonstrating a significant decrease as the bagasse content increased. The average daily weight gain (ADG) followed the same trend, falling from 6.75 g/day (At) to 5.81 g/day (A25) and then to 3.86 g/day (A50). This reduction could be explained by insufficient protein intake and lower nutrient digestibility in the experimental groups. Furthermore, the low ADG recorded in the A50 diet could also indicate poor palatability of the ration or the presence of antinutritional compounds such as tannin in the bagasse (Reina et al., 2022), which could impair the absorption of essential nutrients. According to the work of Bamba et al. (2023), dried cashew apples contain tannins, phytates and oxalates, which act as anti-nutritional factors in animal feed. These factors may render the nutrients in the feed unavailable, thereby leading to a low average daily gain in treatment group A50. According to Djinandji et al. (2022), the presence of tannins in the feed can lead to a reduction in feed intake as well as a decline in the animals’ zootechnical performance. However, the average daily weight gains across the three treatment groups were higher than those reported by Ouaffai et al. (2018) in their study, which was 3.69 ± 0.70 g/day during the growth phase in quails. In a study on the effects of different diets on quail growth, Mott et al. (2011) observed that balanced diets, containing between 15 and 20 per cent digestible protein, promoted better growth compared with those containing excessive levels of fibre. Their study also highlighted the importance of a balance between the various macronutrients to maximise the animals’ body weight.
5. Conclusion	Comment by A.M: • The main conclusion is not supported by data: "positive effect on feed conversion at 25%" while the data shows the opposite.
• The conclusions do not reflect the actual results.

The results of this study indicate that cashew apple bagasse can be used as a substitute for wheat bran, given its high fibre and carbohydrate content. The inclusion of 25 per cent cashew apple bagasse in the quail diet resulted in a feed conversion ratio and average daily weight gain comparable to those of the control group. An inclusion rate of cashew apple bagasse exceeding 50 per cent results in poor weight gain. Further, more advanced studies will enable the precise identification of the factor or factors responsible for this finding. It would be important to investigate the influence of these different types of feed on the laying parameters of meat quails.
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