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PINEAPPLE (Ananas comosus) BRAN AS A SUSTAINABLE FEED ADDITIVE FOR IMPROVING GROWTH PERFORMANCE OF Clarias Jaensis, ENDOGENOUS FISH IN CAMEROON

Abstract
[bookmark: _GoBack]This study, which lasted approximately 60 days (from May to July 2024), aimed to evaluate the effect of pineapple bran as a feed additive on the growth characteristics of Clarias jaensis. To this end, 225 fry were randomly allocated to five treatment groups (T0, T1, T2, T3 and T4) which corresponded to pineapple bran supplementation levels of 0.25%, 0.50%, 0.75% and 1%, respectively. The fry were fed twice a day at 5% of the ichthyo biomass. Except for the K factor, pineapple bran significantly (P < 0.05) affected the growth characteristics. The highest survival rate (95.55 ± 0.00%), final weight (35.04 ± 0.94 g), weight gain (21.69 ± 0.94 g), daily weight gain (0.38 ± 0.01 g/d), specific growth rate (1.72 ± 0.04), feed consumption (27.92 ± 0.33 g) and the lowest feed conversion ratio (1.28 ± 0.34) were recorded with the T4 ration. Proximate analysis of the flesh showed that the presence of pineapple bran in the feed improved its nutritional quality of the flesh unlike the control treatment. The level of pineapple bran significantly affected the characteristics of the fish carcass except for organic matter and minerals. The highest dry matter (97.89 ± 0.10%) and crude protein (64.46 ± 0.07%) values were recorded with the T1 ration, while the highest fat (14.96 ± 0.03%) value was observed with the T3 ration. Additionally, the T4 treatment had the lowest feed cost of production. Therefore, supplementing pineapple bran at 1% in the Clarias jaensis feed is therefore recommended for better growth. 
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INTRODUCTION
In 2018, global fish production reached approximately 179 million tonnes, 82 million of which came from aquaculture. Of this total, 156 million tonnes were used for human consumption, equivalent to an estimated annual supply of 20.5 kg per person [1]. Currently, 31.4% of fish stocks are overexploited due to increasing demand resulting from population growth [2]. In Cameroon, demand for fish is nearly 500,000 tonnes per year, while the national supply is estimated at 295,000 tonnes per year, only 10,000 of which come from aquaculture [3]. In this context, aquaculture has emerged as a viable alternative to help cover this deficit.
To make aquaculture more sustainable and profitable, it is important to diversify the species raised. In Cameroon, the main species used in fish farming are exotic species: Clarias gariepinus, Oreochromis niloticus and Cyprinus carpio. However, there are indigenous species, such as Clarias jaensis, belonging to the Clariidae family, which could also have good aquaculture potential. Clariidae are one of the most popular families in aquaculture due to their hardiness, high pond-farming density, omnivorous diet with a carnivorous tendency, and highly prized flesh [4]. In recent years, research has begun on this species, particularly concerning its reproductive characteristics in the wild [5] [6]. [7] and [8] have also studied the impact of metabolisable energy and protein levels on the growth performance of Clarias jaensis in a controlled environment.
The development of aquaculture is subject to several major constraints, including feed. Feed accounts for 60–70% of aquaculture production costs [9]. Feed performance is determined by its nutritional properties and digestibility. These properties are generally attributed to food additives, which are substances extracted from plants, animals or minerals, often via chemical reactions. They are added to foodstuffs intended for consumption. One example of an additive from plant extracts is pineapple bran (Ananas comosus), which is obtained after the juice has been extracted in natural fruit juice production plants. Processed fruits generate waste representing 35–85% of the original fruit, which is environmentally problematic [10]. Pineapple residues are rich in insoluble fibre, bromelain (a protein-digesting enzyme) and phenolic and antioxidant compounds that reduce diseases related to oxidative stress [11] [12] [13]. According to the research of [14], bromelain contained in pineapple residues would promote growth and resistance to certain diseases in aquaculture species.
Research into the effect of pineapple residue on the production performance of other fish, such as Oreochromis niloticus, has already been conducted [15] [16]. To our knowledge, no such research has yet been conducted on the Clarias jaensis species. With this in mind, the present study investigated the impact of pineapple bran as a food additive on the survival and growth performance of Clarias jaensis in a controlled environment.
The general objective of this study was to improve fish production by promoting the use of pineapple bran as a food additive.  
MATERIALS AND METHODS
Study area
The study took place from May to Jully 2024 at the Nkolandom Fish establishment in Nkolandom village, Ebolowa II district, Mvila department, South region, Cameroon. The geographical coordinates of the village are : 2° 81' 33" - 2° 81' 50" N, 11° 16' 33" - 11° 16' 67" E, at an average altitude of 616 metres.

Animal material
Two hundred and twenty-five Clarias jaensis fry (see picture 1), with an average weight of 11.12 ± 3.20 g, were collected from the Mbô plain of Santchou in a natural environment. They were then transported to the Nkolandom Fish farm, where they were acclimatised in a 2 m³ tank for two weeks and fed a control diet containing 40% crude protein.
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Picture 1 : Clarias jaensis
Plant material 
The plant material consisted of pineapple bran residue from the FRUITZAN industry in Loé, which is located in the Moungo Department of the Littoral Region of Cameroon. After the juice had been extracted, the pineapple residues (the fibres only, excluding the crowns and peels) were collected and sun-dried at room temperature for four days (see picture 2), before being crushed to obtain pineapple bran powder.
[image: ]
Picture 2 : Drying of pineapple (Ananas comosus) residues


Experimental rations
A control experimental ration that did not contain pineapple bran (T0) was formulated, and four other rations were obtained by supplementing pineapple bran at the following rates: 0.25%, 0.50%, 0.75% and 1%, respectively, for treatments T1, T2, T3 and T4 (see Table 1).
Table 1: Composition of the control ration
	Ingredients
	Quantities

	Pineapple bran (kg)
	0

	Corn flour (kg)
	18

	Wheat bran (kg)
	4

	Soybean meal (kg)
	12,2

	Fish meal (kg)
	58

	Shell meal (kg)
	0,4

	Bone meal (kg)
	0,4

	Huile de palme (L)
	5

	Premix 2%
	2

	Total (kg)
	100

	Proximal composition
	

	Crude energy (Kcal/Kg)
	4440

	Crude protein (%)
	40,16

	Ash (%)
	12,85


The sifted ingredients were weighed in the proportions established in advance, then mixed manually to ensure good homogenisation. 500 ml of water per kg of feed was added to obtain a wet mixture, which was then passed through an electric granulator to produce 3 mm diameter granules. These granules were then sun-dried for two days, packaged in plastic bags, and stored at -20°C when not in use.
Rearing structure and experimental setup
The rearing structure consisted of 1 m³ happas (see Picture 3), which were placed in a 120 m² pond with a depth of 1.2 m and were supplied with water from an upstream lake. The happas were made of 1 mm mesh netting and were cleaned daily to unclog them and facilitate water renewal. Basins with a diameter of 33 cm were installed at the bottom of each happas, and circular feeders with a diameter of 30 cm were placed on the surface of the water, above the basins. This made it possible to collect food waste every day.
As for the experimental design, 225 fry were distributed randomly in 5 comparable batches of weight and length corresponding respectively to treatments T0, T1, T2, T3 and T4 all in a triplicate at the rate of 15 fry/happas or repetition.
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Picture 3 : Experimetal set up
Conduct of the trial
The pellets were distributed manually twice a day (8 a.m. and 6 p.m.) at 5% of the ichthyo biomass of the fry until the end of the test except the monitoring fishing watches which were done every 14 days, and during which the live weight of the fish was measured using a Sartorius brand scale with a precision of 0.01 g. Food refusals were collected every day, dried and weighed to estimate food consumption. The physicochemical characteristics of the pond water (table 2) were controlled every day (morning and evening) a few minutes before feeding.
Table 2 : Physicochemical characteristics of the pond water
	Parameters
	Period (days)

	
	Jour 0-14
	Jour 15-28
	Jour 29-42
	Jour 43-60

	Transparency (cm)
	17.6 ± 0.50a
	15.50 ± 1.00a
	16.00 ± 2.00a
	16.80 ± 0.50a

	Ph
	6.80 ± 0.20a
	7.10 ± 0.40a
	6.80 ± 0,4a
	6.50 ± 0.30a

	Oxygen (mg/L)
	12.70 ± 1.00a
	9.00 ± 1.70a
	9.00 ± 1.00a
	10.30 ± 1.50a

	Nitrite (mg/L)
	0.10 ± 0.05a
	0.10 ± 0.05a
	0.05 ± 0.05a
	0.05 ± 0.05a

	Temperature (°C)
	26.50 ± 0.08a
	25.90 ± 0.50a
	26.70 ± 1.00a
	26.90 ± 1.20a


a: the means with the same letter on the same line are not significantly different (P > 0.05).
Survival Rates and Growth Characteristics of Clarias jaensis
Survival rate (SR) = total final fish count x 100 / total initial fish count
Food consumption (FC) = 
Weight gain (WG) = 
 Daily weight gain (DWG) = 
Specific growth rate (SGR) =        ln= neperian logarithm
Feed conversion ratio (FCR) =         
condition factor K =         W = weight (g)     LT = total length (cm) 
Food production cost (FPC) = CFC x CI       CFC = Cost of food consumed, CI = Consumption index
Proximal composition of Clarias jaensis flesh
[bookmark: _Toc151121241][bookmark: _Toc140667091]Dorsal and ventral muscle samples were collected [17] and used to determine the proximal composition (dry matter, organic matter, ash, fat and crude protein) using the [18] method.
Results
Effect of Pineapple Bran Supplementation on Survival and Growth Characteristics of Clarias jaensis
Table 3 presents the growth characteristics of Clarias jaensis fry according to the pineapple bran supplementation rate.
Overall, it appears that the pineapple bran supplementation significantly (P < 0.05) affected the growth characteristics, except for condition factor K. The highest values were recorded for survival rate (95.55 ± 0.00%), food consumption (27.2 ± 0.33 g), weight (21.69 ± 0.94 g), weight gain (21.69 ± 0.94 g), daily weight gain (0.38 ± 0.01 g) and specific growth rate (1.72 ± 0.04 %g/d) ​​were recorded with the T4 treatment which contained the highest level of pineapple bran, unlike the other treatments. The lowest feed conversion ratio value (1.28 ± 0.34) was also recorded with the T4 treatment
 Table 3: Growth characteristics of Clarias jaensis depending on the rate of pineapple bran supplementation.
	Growth characteristics
	Treatments
	P

	
	T0
	   T1
	T2
	    T3
	      T4
	

	SR (%)
	82.22±3.84b
	80±0.00b
	91.11±3.84a
	80±0.00b
	95.55±0.00a
	0.00

	FC (g)
	17.66±0.20c
	17.87±0.35c
	27.13±0.41a
	23.42±0.51b
	27.2±0.33a
	0,00

	W (g)
	23.92±0.38c
	23.07±0.49c
	34.26±0.5a
	29.50±0.43b
	35.04±0.94a
	0.00

	WG (g)
	11.24±0.38d
	11.25±0.49d
	20.37±0.55b
	16.00±0.43c
	21.69±0.94a
	0.00

	DWG (g/d)
	0.20±0.006d
	0.20±0.008d
	0.36±0.009b
	0.28±0.007c
	0.38±0.01a
	0.00

	SGR (%g/d)
	1.13±0.02c
	1.19±0.03c
	1.61±0.02a
	1.39±0.02b
	1.72±0.04a
	0.00

	K
	0.78±084 a
	0.67±0.11 a
	0.70±0.27 a
	0.66±0.14 a
	0.62±0.01a
	0.78

	FCR
	1.54±0.05a
	1.58±0.15a
	1.29±0.36b
	1.53±0.16a
	1.28±0.34b
	0.01


a, b and c: the means with the same letter on the same line are not significantly different (P>0.05). SR=Survival rate, FC= Food consumption, W=Weight, WG=Weight gain, ADG=Average daily gain, SGR=Specific growth rate, K=Condition factor, FC=Food consumption, FCR=Feed conversion ratio.
Figure 1 shows the evolution of the survival rate of Clarias jaensis fry depending on the rate of pineapple bran supplementation. As can be seen from the figure, the survival rate followed the same trend and pace of evolution regardless of the level of pineapple bran supplementation and the period of the test. However, the T4 treatment produced the highest values ​​throughout the study period.


                  
[bookmark: _Toc151119977]Figure 1: Evolution of the Survival rate of Clarias jaensis fry depending on the rate of pineapple bran supplementation
Figure 2 shows the evolution of the live weight of Clarias jaensis fry depending on the rate of pineapple bran supplementation. It also emerged that the weight evolved with the same trend and pace regardless of the treatment and the period of the trial. However, the highest weights were observed in treatment T4 from day 28 until the end of the experiment.

Figure 2: Evolution of live weight of Clarias jaensis fry depending on the rate of pineapple bran supplementation
Effect of pineapple bran supplementation on the proximal composition of Clarias jaensis flesh
[bookmark: _Toc488232088][bookmark: _Toc520271508][bookmark: _Toc13960609][bookmark: _Toc14701000][bookmark: _Toc140468369][bookmark: _Toc151121249][bookmark: _Hlk140148123]Table 4 shows the results of the analysis of the flesh of fish subjected to different treatments. As can be seen from the table, the level of pineapple bran supplementation significantly affected (P < 0.05) the chemical characteristics of the flesh, except for organic matter and ash. The highest values ​​of dry matter (97.89 ± 0.10%) and crude protein (64.46 ± 0.07%) were obtained with treatment T1 followed by T4, while the lowest fat content was observed. The highest value (14.96 ± 0.03%) was observed with treatment T3, and the lowest value (13.85 ± 0.05%) with treatment T1.
	Proximal composition (%)
	Level of pineapple bran
	
P

	
	T0 (0%)
	T1(0.25%)
	T2(0.50%)
	T3(0.75%)
	T4(1%)
	

	DM
	96.43±0.18bc
	97.89±0.10a
	96.63±0.20b
	95.38±012d
	96.23±0.00c
	0.00

	OM
	83.12±0.49a
	83.66±0.67a
	82.26±1.48a
	82.26±1.23a
	83.47±1.06a
	0.51

	Ash
	16.87±0.49a
	16.33±0.67a
	17.73±1.48a
	17.31±1.23a
	16.53±1.06a
	0.51

	Fat
	14.69±0.29b
	13.85±0.05c
	14.56±0.06b
	14.96±0.03a
	13.91±0.00c
	0.00

	Crude protein
	60.36±0.11d
	64.46±0.07a
	60.74±0.13c
	60.29±0.08d
	62.22±0.09b
	0.00


Table 4: The proximal composition of fish flesh depending on the level of pineapple bran
a, b and c: the means with the same letter on the same line are not significantly different (P > 0.05), DM = Dry matter, OM = Organic matter
[bookmark: _Toc151119857]Effect of pineapple bran on the food cost of production of Clarias jaensis.
Table 5 below presents the food production cost of Clarias jaensis. It appears from this table that food production costs varied significantly (P < 0.05) depending on the levels of pineapple bran supplementation. Treatments T0, T1 and T3 recorded the highest costs ($2.46 ± 0.085), ($2.53 ± 0.250) and ($2.45 ± 0.260) respectively. The lowest costs ($2.06 ± 0.058) and ($2.05 ± 0.055) were recorded with treatments T4 and T2. However, the T4 treatment presented a better food production cost.
Table 5: Food production cost 
	Treatment
	FCR
	Food production cost ($)

	T0
	1.54±0.05a
	2.46±0.085a

	T1
	1.58±0.15a
	2.53±0.250a

	T2
	1.29±0.36b
	2.06±0.058b

	T3
	1.53±0.16a
	2.45±0.260a

	T4
	1.28±0.34b
	2.05±0.055 b


[bookmark: _Hlk140551609]a and b: the means with the same letter on the same column are not significantly
 different   (P > 0.05), FCR=Feed conversion ration.
[bookmark: _Toc151121250]Discussion
The survival rates recorded during this study ranged from 80.00% to 95.55%. These results are superior to those obtained by [8] in their study of the effect of dietary protein levels on the growth performance of Clarias jaensis fry during pre-growering. Our study corroborates that of [15] who obtained the highest tilapia survival rate with ration containing 10gkg-1 (1%) of pineapple peel powder. However, [16] also obtained high survival rates in Nile tilapia with rations containing pineapple bran. This could be explained by the presence of phenolic compounds and antioxidants present in pineapple bran, which strengthen the fish’s immune system and reduce diseases linked to oxidative stress [15].
In general, the highest growth characteristics were observed in the feed supplemented with 1% pineapple bran. The lowest feed conversion ratio was also recorded with this ration, showing that the food containing 1% pineapple bran was better valued by the fish. These results are similar to those obtained by [13] during their evaluation of the effect of pineapple waste crude extract on growth performance and resistance to Aeromonas hydrophila in Nile tilapia. They found that WG, ADG, SGR, and FCR were significantly higher in the fish group fed a diet supplemented with 1% pineapple peel extract. Similarly, [15] found that incorporating 10 gkg-1 of pineapple peel powder into diets was clearly related to growth rate and feed efficiency in Nile tilapia culture under a biofloc system. Conversely, [19] reported that the adding 30% pineapple waste powder to a formulated diet increased the growth rate of Nile tilapia. The highest average daily weight gain (0.38 g/d) observed in this trial were lower than that (3.3 g/d) obtained by [20] for Clarias jaensis fingerlings raised in a pond fertilised with pig manure, but higher than that obtained by [13]. These results could be due to the difference in species, rearing conditions and types of pineapple residues used during the trials. The highest specific growth rate observed in our study (1.72%g/d) was higher than that obtained by [7] in Clarias jaensis fingerlings fed rations containing various energy levels. This difference in results could be explained by the presence of pineapple bran (Ananas comous) in the food which is rich in insoluble fibre and bromelain, playing an important role in protein digestibility [11]. The condition factor (K), which provides information on the body condition of the fish, did not vary significantly (P > 0.05). However, the extreme values ​​obtained (0.62 and 0.78) were less than 1, which according to [21], indicates that the fish were in poor condition. Similar results were observed by [22] and [8] in Clarias jaensis fingerlings fed at different levels of energy and dietary protein, respectively.
[bookmark: _Toc151121251]Regarding the proximal composition of the fish flesh, the results obtained showed that the presence of pineapple bran in the feed improved the quality of Clarias jaensis flesh, unlike the control ration. This could be explained by the improved digestibility and absorption of the nutrients in these foods due to fibre content of pineapple bran. These results are similar to those of [16], who evaluated the effect of pineapple residues (peel, crown and bran) as a feed additive on the apparent digestibility, productive performance, carcass yield, liver condition and immune system of Oreochromis niloticus fry. Their results also showed improvements in tilapia flesh quality with rations containing pineapple residue. The lowest recorded food costs for fish production in this study were obtained with the ration containing 1% pineapple bran. This suggests that the T4 ration would lead to better growth of Clarias jaensis fry at a lower cost.
CONCLUSION 
[bookmark: _Toc151121311]In summary, it emerges from this study which focused on the effect of pineapple bran (Ananas comosus) as a food additive on the survival and growth performance of Clarias jaensis fry found that the level of supplementation that produced the best growth characteristics and lowest food production cost was 1%. Proximate analysis revealed that the fry fed rations containing pineapple bran had richer, more nutritious flesh.
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