


Effect of the type and level of yeast incorporation in the feed on pellet buoyancy, survival and growth characteristics of Oreochromis niloticus
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Abstract :
[bookmark: _Hlk206274374][bookmark: _Hlk210586413]The effect of yeast type and incorporation level on pellet buoyancy and growth characteristics of Oreochromis niloticus was studied between February and May 2022 at the IRAD/fish farming station/Cameroon. For this, 420 fry were distributed in a comparable manner in 14 concrete tanks of 0.6m3. Seven experimental rations representing respectively the rations without yeast, at 1; 1.5 and 2% of incorporation rate of baking powder, then at 1; 1.5 and 2% incorporation rate of baker's yeast were distributed randomly and in duplicate. The results show that the type and the incorporation rate of yeast affected significantly (P< 0.05) the floatability of the pellets.  Feeds containing yeast, regardless of type or inclusion level, exhibited significantly longer floatation times than those without.  Whatever the incorporation rate, the highest floatation times (5568 and 4029 seconds) were obtained in the diets containing 1% and 1.5% of baker's yeast and baking powder respectively and the lowest (74 seconds) in the diet without yeast. The survival rate and growth characteristics studied were significantly (P< 0.05) influenced by the type and incorporation rate of yeast. The highest survival rate values (84% and 76%) were obtained with 2% and 1.5% of baking powder and baker's yeast respectively, and the lowest values (70%) with 0% yeast. The highest significant values (P˂0.05) of live weight (17.33 and 17.27), weight gain (15.13 and 15.07) and average daily gain (0.252 and 0.251) were observed in the groups fed with rations containing 1.5 and 2% of baking powder and baker's yeast respectively, while the lowest significant values were obtained in the groups receiving 0% and 1.5% of baker's yeast. The use of 1% baker's yeast or 2% baking powder is therefore recommended for the manufacture of pellets for Nile Tilapia to increase the buoyancy of the feed and improve growth performances.    
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Introduction
[bookmark: _GoBack]Fish is one of the most consumed foods in Africa due to its constant presence in daily meals [1]. It is the main source of protein for the poorest populations [2]. Over the years, a high population growth rate combined with high urbanization has led to an increase in national demand for fishery products, ranging from 180,000 tons in 2013 to 249,857 tons in Cameroon 2021 [3]. However, almost all of the fish consumed in Cameroon comes from fishing (39.6%), imports (58.7%), and only 1.7% from aquaculture [4].  Furthermore, pollution, parasitic contamination of waters, and overexploitation of biological resources through fishing are leading to a decline in natural fish stocks and, over time, the disappearance of certain species [5], thus tending to reduce fisheries production. Furthermore, imports cost Cameroon nearly 100 billion CFA francs per year [6], which poses a real problem in terms of foreign currency losses for a developing country. To establish a balanced diet for populations, the FAO [4] believes that the intensification and diversification of production systems would help address this problem.
Fish farming is therefore proposed as a promising alternative to increase the availability of animal protein [4]. This sector is one of the fastest-growing food sectors in the world, although its contribution to Cameroon has so far lagged behind (1.7%).  It has thus acquired the reputation of contributing significantly to poverty reduction, food security and income generation [8]. However, the growth of aquaculture is plagued by a number of problems, the most important of which is the lack of quality feed [1]. This problem is all the more important since feed accounts for more than 60% of aquaculture production costs. Indeed, in Cameroon, small-scale fish farmers have difficulty acquiring quality floating feed due to its inaccessibility to imported extruders. Faced with this, most producers have turned to importing extruded pellets from Nigeria or South Africa [7] However, the high cost of these (nearly 1500 CFAF/Kg), practically comparable to the selling price of a kg of fresh fish on the local market, makes the use of this feed unprofitable.  Furthermore, the use of locally produced pellets (which is currently the most widely used alternative by fish farmers) remains problematic because, due to their low buoyancy, they remain uneconomical due to their trapping in the mud after immersion (personal observation). Finding an alternative solution to increase the buoyancy of locally produced feed therefore becomes a challenge for the development of aquaculture in sub-Saharan Africa.  
In the field of pastry, baking powder and baker's yeast are used to raise flour through the fermentation process [8]. It is commonly observed that the resulting pastry products are lighter.  Due to the similarity in composition between compound feed and pastry flour (mainly carbohydrates), it is conceivable that the application of such a technique in the manufacture of fish feed would vary its buoyancy, allowing on the one hand to avoid waste when feeding fish. Moreover, according to Hansen et al. [9] and Vidakovic et al. [10], yeast cells contain an appreciable content of crude protein (about 40-55%) and other bioactive component beneficial for growth and development of fish. It is in this sense that Agboola et al. [11] recommend that future research is needed to determine optimal yeast inclusion levels for different aquaculture species. Thus yeast may increase on the other hand the fish growth performances. However, in pastry there are at least two types of yeasts, one mainly used to raise doughnut dough (baker's yeast) and the other used for cakes (chemical yeast). To date, no scientific work exists to our knowledge on the use of chemical or baker's yeast in the manufacture of pelleted feed.
 The general objective of this study is to contribute to the improvement of freshwater fish production through a better understanding of floating feed manufacturing techniques.  More specifically, the aim is to evaluate the effect of the type and level of yeast incorporation on :
· the buoyancy of the pelleted feed,
· the survival rate and growth characteristics of Oreochromis niloticus.
1- Materials and methods
1.1. Study Area
The study took place between February and May 2022 at the Institute of Agricultural Research for Development (IRAD) station of Foumban, more specifically at its Koupa-Matapit fish farm. This farm, located 9 km from the town of Foumban (Western Highlands, Cameroon), is located between 5°45.826' LN and 10°48.516' LN with an altitude of 1147 m. The climate is Sudano-Guinean and includes a rainy season (March–October) and a dry season (November–February). The average temperature and rainfall are 22°C and 1800 mm/year, respectively [12].  The soil is lateritic with clay-rich facies suitable for the construction of ponds in the valleys and chemical analysis reveals a leached and very poor soil (available phosphorus and trace nitrogen, pH < 5, among others), intended for forestry [13]. This farm is supplied by a dam (Lake André) which is fed by two streams: the "Mevêt" and the "Tchap-liet". Aubreville's investigations [14]show that day-night temperature variations are low in the rainy season and high in the dry season, so the total duration of sunshine in the year is 2400 hours.
1.2. Animal Material
A total number of 420 Oreochromis niloticus fry, with an average weight of 2.2 ± 0.48 g, a total length of 55.3 ± 2.35 mm, and a standard length of 44.8 ± 1.9 mm, used for this study, were collected from a nursery pond at the station. Before the start of the trial, the fry were acclimated for one week in the experimental tanks. During acclimatization, the fry were fed ad libitum with compound feed.
1.3.  Rearing Structure
The trial was conducted in 14 identical concrete tanks with a capacity of 0.6m³ (1m x 0.75m x 0.8m). Each tank was labeled and then equipped with a feed channel, an overflow pipe and a floating frame beneath which a basin was placed to collect feed rejects. One week before the start of the trial, the channels and the surrounding area of the rearing structure were cleaned. The tanks were cleaned with bleach (proportions 1L/200 liters) and then left to dry for 3 days, after which a 500L volume of water was added. The tanks were covered with mosquito netting (2mm mesh) to prevent predation.
1.4.  Experimental Diets
Based on the nutritional needs of the cichlids, seven experimental isoprotein and isocalorific diets were formulated (R0, Rc1, Rc1.5, Rc2, Rb1, Rb1.5 and Rb2), corresponding respectively to the yeast-free diet (R0), the diet with 1, 1.5, and 2% incorporation rates of baking powder (Rc), and the diet with 1, 1.5, and 2% incorporation rates of baker's yeast (Rb) in the diet. After formulation, a 20g sample of each diet was retained for chemical analysis at the Animal Nutrition Laboratory of the University of Dschang, which gave us the chemical composition as presented in Table 1.

Table 1: Centesimal and bromatological composition of experimental Diets
	Centesimal composition
	Experimental diets (% of baking powder or baker’s yeast /kg of food)

	Ingredients
	R0
	Rc1
	Rc1.5
	Rc2
	Rb1
	Rb1.5
	Rb2

	Corn meal
	27.5
	27.5
	27.5
	27.5
	27.5
	27.5
	27.5

	Wheat 
	10
	10
	10
	10
	10
	10
	10

	brancottonseed meal
	2.3
	2.3
	2.3
	2.3
	2.3
	2.3
	2.3

	Soybean meal
	13
	13
	13
	13
	13
	13
	13

	Blood meal
	2.00
	2.00
	2.00
	2.00
	2.00
	2.00
	2.00

	Fish meal
	27.5
	27.5
	27.5
	27.5
	27.5
	27.5
	27.5

	shell
	0.10
	0.10
	0.10
	0.10
	0.10
	0.10
	0.10

	Bone meal
	0.10
	0.10
	0.10
	0.10
	0.10
	0.10
	0.10

	Palm oil
	15
	14
	13.5
	13
	15
	14
	13.5

	Lodizet salt
	0.50
	0.50
	0.50
	0.50
	0.50
	0.50
	0.50

	Premix 2%
	2.00
	2.00
	2.00
	2.00
	2.00
	2.00
	2.00

	Baking powder
	00
	1
	1.5
	2
	00
	00
	00

	baker's yeast
	00
	00
	00
	00
	1
	1.5
	2

	Total
	100
	100
	100
	100
	100
	100
	100

	 Analysed bromatological Composition 

	Dry matter (%)
	98.72
	   98.72
	99.18
	98.62
	98.94
	98.12
	98.53

	Organic Matter (%)
	92.99
	92.99
	91.65
	92.39
	91.89 
	90.98 
	92. 35

	Ash (% DM)
	7.02
	7.02
	8.47
	7 .50
	7.53 
	8.32
	7.59

	Crude Protein (% DM)
	17.72 
	17.72
	19.07
	19.21
	20.61 
	20.27
	20.42

	Fat (%)
	17.06
	17.06
	16.78
	17.06
	17.37
	15.72 
	17.25

	Crude Fiber (% DM)
	7.39
	7.39
	5.87
	6.49
	5.79 
	7.15
	6.29

	Metabolizable Energy (Kcal/kg)
	3937.16
	3937.16
	3997.79
	3996.93
	3932.90 
	3981.08
	3810.81

	Gross Energy (Kcal/kg)
	5027.04
	5027.04
	4970.69
	5035.79
	4989.76 
	4834.05
	5485.54


R0; Rc1; Rc1.5; Rc2: diet containing 0%, 1%, 1.5%, or 2% baking powder. 
Rb1, Rb1.5, Rb2: diet containing 1%, 1.5%, or 2% baker's yeast.
The yeast (baking powder and baker's) used in these diets were purchased from local food stores. The yeast was "Chopman" brand for the chemical yeast and "Nevada" brand for the baker's yeast. The other feed ingredients used were purchased from a local feed mill and then mixed and ground using a blender until a homogeneous powder was obtained, following the rations described above. Each ration was then mixed with 20% of its weight in water to form a paste, then allowed to rest for 15 minutes to allow the yeast to act. The pasty mixture was then passed through a 4 mm diameter hand-held granulator.  The pellets obtained were then dried in the sunlight for 72 hours, fragmented, bagged and stored until distribution.
1.5. Conduct of the trial
The 420 fry previously described were randomly distributed in the 14 concrete tanks previously described at a rate of 30 fry per tank, i.e. a density of 60 fry / m3. The 7 batches previously described (R0; Rc1; Rc1.5; Rc2, Rb1; Rb1.5 and Rb2) were randomly distributed in duplicate in the 14 concrete tanks following a complete randomization system.  Throughout the trial, the fish were fed twice a day (8:00 a.m. and 4:00 p.m.) at 20% of the fish biomass [15].
The physicochemical characteristics of the water such as pH, dissolved oxygen, temperature, alkalinity and transparency were measured in situ at the beginning of the trial and then every week between 6:00 a.m. and 8:00 a.m. These characteristics were measured respectively using a pH meter, an oximeter, a multiparameter and a Seechi disk. The average values of these characteristics are grouped in Table 2.
Table 2: Physicochemical characteristics of the water according to the type and level of incorporation of yeast in the feed
	Physicochemical characteristics
	Types and levels of yeast incorporation

	
	R0
	Rc1
	Rc1.5
	Rc2
	Rb1
	Rb1.5
	Rb2

	Temperature (°C)
	26.89± 0.15
	26.35± 0.26
	26.79 ± 0.73
	27.00± 0.38
	27.01± 0.26
	26.72± 0.73
	27.5 ± 0.38

	pH
	8.85 ± 0.23
	09.78 ± 0.23
	9.18 ± 0.25
	09.75 ± 0.22
	9.37± 0.23
	09.44 ± 0.28
	10.16 ± 0.11

	Dissolved oxygen (mg/l)
	8.47 ± 0.38
	8.11± 0.72
	9.59 ± 0.42
	7.89± 0.28
	8.98 ± 0.69
	7.94 ± 0.40
	7.21 ± 0.35

	Alkalinity (µs /cm)
	113. 02 ± 1.18
	105.56 ± 4.19
	110.94± 2.36
	109.00 ± 13.23
	125.9 ± 5.81
	140.56 ± 12.62
	142.78 ± 9.77

	Transparency (cm)
	70.10 ± 1.15
	70.83 ± 1.04
	70.43 ± 0.81
	69.73 ± 1.20
	68.82± 2.20
	70.19± 1.11
	70.49± 3.00


R0; Rc1; Rc1.5; Rc2: diet containing 0%, 1%, 1.5%, or 2% baking powder. 
Rb1, Rb1.5, Rb2: diet containing 1%, 1.5%, or 2% baker's yeast.
2.5. Data Collection and Studied Parameters 
To assess pellet buoyancy, twenty pellets were collected successively from each treatment in three batches and then poured onto the surface of a tank filled with water. Using a stopwatch, the buoyancy time, corresponding to the time sufficient for half of the pellets to submerge, was determined. In addition, a 20g sample was retained from each diet and brought to the Animal Nutrition and Feed Laboratory at the University of Dschang for bromatological analysis using the AOAC [16] method.
A control catch was conducted every two weeks. During this activity, 20% of the fish from each tank were randomly sampled for measurements. During these measurements, the fish were weighed individually using an electronic scale (accuracy 0.1g) and measured using a millimeter ichthyometer.  Taking body measurements allowed us to evaluate the growth performances of the fish and readjust the quantity of feed to be distributed in the following weeks. Every week, the basins were gently removed from the bottom of the tanks. The feed refusals were collected, dried in the sun for two days, then weighed in order to estimate feed consumption and readjust the quantities of rations to be distributed in the following weeks.  Live weight, total and standard lengths, and the total count of individuals at the end of the trial allowed us to calculate the survival rate and growth characteristics using the following formulas :
· Survival rate (SR) (%): SR =
· Weight gain (WG) = 
· Average daily gain ((ADG) in g/day): ADG = 
· Specific growth rate ((SGR) (%): SGR = (ln = neperian logarithm)
· Feed conversion ratio (FCR): FCR = 
· Condition factor K =  (W = Weight (g) TL = Total length (cm))
· Weight-length relationship: established according to the equation W = a (T L)b with  W = total weight (g) TL = total length (cm), a = constant at the origin b = allometric coefficient.
2.6. Statistical Analyses
All collected data were linearized and then subjected to one-way analysis of variance (ANOVA 1). When the treatment effect was significant, the Duncan test at the 5% threshold was used to separate the means of yeast incorporation rates and the comparison T-test was used to compare the means of the yeast types. The Pearson correlation test was used to establish the relationships between different parameters.  All analyses were performed using SPSS software version 21.0.
2- RESULTS AND DISCUSSION
2.1. Effect of yeast type and incorporation rate on compound feed buoyancy
The flotation time of pellets as a function of yeast type and incorporation rate is illustrated in Figure 1.
a,b,c,d,e,f,g: Bars with the same letters show no significant difference (P<0.05).
α, β, ꙋ: Bars with the same symbols for the same incorporation rate show no significant difference (P<0.05).
Rc: ration with baking powder; Rb: ration with baker's yeast.a

Figure 1: Flotation time of granules as a function of the yeast type and incorporation rate on compound feed 
It follows that the flotation time was significantly affected (P<0.05) by both the type of yeast and its incorporation rate. Thus, the flotation time was significantly (P<0.05) higher in the batches with yeast compared to the batches without yeast regardless of the type of yeast.  The highest floatation time values were obtained with the 1% and 2% diets for baker's and baking powder, respectively, while the lowest values were observed with 2% and 1% incorporation rates, respectively. At equal incorporation rates, baker's yeast treatments exhibited higher floatation times than baking powder treatments, except for batches treated with 2% yeast, where the opposite effect was observed.
2.2. Yeast Type and Incorporation Rate in compound feed on the Survival rate and Growth Characteristics of O. niloticus
2.2.1. Effect of Yeast Type and Incorporation Rate in the diet on the Survival rate of O. niloticus
The survival rate of O. niloticus as a function of yeast type and incorporation rate in the diet is illustrated by Figure 2.
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a, b, c, d, e: Bars with the same letters show no significant difference (P<0.05).
α, β, ꙋ: Bars with the same symbols for the same incorporation rate show no significant difference (P<0.05).
Rc: Diet with baking powder; Rb: Diet with baker's yeast.
Figure 2: Survival rate of O. niloticus as a function of the type and incorporation rate of yeast in the diet.
It appears that the survival rate was significantly affected (P<0.05) by both the type and the incorporation rate of the yeast in the diet.  Thus, the survival rate was significantly (P<0.05) higher in batches incorporated with yeast compared to batches without yeast, with the exception of rations containing 1%, 1.5% and 2% baker's yeast as well as that containing 1.5% baking powder where the survival rates were comparable. At equal incorporation rates, batches treated with baker's yeast presented significantly (P<0.05) lower survival rates than batches treated with baking powder, with the exception of those benefiting 1.5% of yeast in the ration where, although not significant (P˃0.05), the opposite effect was observed.
2.2.2.  Effect of Yeast Type and Feed Intake Rate on Growth Characteristics in O. niloticus
The growth characteristics of O. niloticus as a function of yeast type and feed incorporation rate are summarized in Table 3 and illustrated in Figures 3. The following results emerge :
2.2.2.1. Evolution of live weight (a) and total length (b) of O. niloticus as a function of yeast type and feed incorporation rate in the diet
The evolution of live weight and total length as a function of yeast type and rate of incorporation in the feed are illustrated in Figure 3.
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R0; Rc1; Rc1.5; Rc2: diet containing 0%, 1%, 1.5%, or 2% baking powder.
Rb1, Rb1.5, Rb2: diet containing 1%, 1.5%, or 2% baker's yeast.
Figure 3 : Evolution of live weight (3a) and total length (3b) in O. niloticus as a function of the type and rate of yeast incorporation in the feed
Regarding live weight (Figure 3a), it evolved in a comparable manner throughout the observations, regardless of the type and rate of yeast in the feed, with the exception of the groups fed the diet containing 1% baker's yeast, whose growth curve showed an inflection between the thirtieth and forty-fifth day of rearing.  Thus, between the first and thirtieth day of observation, individuals receiving the 1% baker's yeast ration showed higher growth values, while those receiving 2% baker's yeast in the feed remained the lowest. However, between the thirtieth and sixtieth day of rearing, individuals fed the 1% baking powder ration showed the highest growth values, while those fed 2% baking powder remained the lowest.
Regarding total length (Figure 3b), it showed a constant trend throughout the trial. Thus, regardless of the period, the highest values were observed in groups receiving 1% baking powder.  The lowest values were recorded in individuals fed 1% baker's yeast between the first and thirtieth day of the trial, and then in fish fed a diet containing 2% baker's yeast between the thirtieth and sixtieth day.
2.2.2.2. Growth characteristics of O. niloticus according to the type and rate of yeast incorporation in the feed.
Table 3 presents the growth characteristics of O. niloticus according to the type and rate of yeast incorporation in the feed. After 60 days of rearing.
Table 3 : Growth characteristics of O. niloticus according to the type and incorporation rate of yeast in the diet
	
Growth characteristics
	
Types of yeast
	                
                    Rate of yeast incorporation
	

	
	
	0%
	1%
	1.5%
	2%
	P- value

	Life weight (g)
	Rc
	15.72±2,53a
	16.90±3,92abα
	17.27±4.31bα
	15.86±2.72abα
	0.04

	
	Rb
	15.72±2,53a
	16.88±6,31abα
	15.51±5.11aβ
	17.33±6.74bβ
	0.02

	Weight gain (g)
	Rc
	13.52±2.52a
	14.70±3.92abα
	15.07±4.31bα
	13.66±2.72abα
	0.O2

	
	Rb
	13.52±2.52a
	14.68±6.34abα
	13.31±5.11aβ
	15.13±6.74bβ
	0.01

	Average daily gain (g) 
	Rc
	0.23±0.05a
	0.25±0.07abα
	0.25±0.07bα
	0.23±0.05abα
	0.04

	
	Rb
	0.23±0.04a
	0.25±0.11abα
	0.22±0.09aα
	0.25±0.11bα
	0.03

	Totale Length (Cm)
	Rc
	9.52±0.59a
	9.49±0.62aα
	9.53±0.89aα
	9.27±0. 38aα
	0.85

	
	Rb
	9.52±0.59a
	8.58±0.98aβ
	9.51±1.20aα
	8.33±1.50aα
	0.72

	Standard Length (Cm)
	Rc
	7.81±0.49a
	7.76±0.68aα
	7.75±0.86aα
	7.54 ±0.37aα
	0.15

	
	Rb
	7.81±0.49a
	6.88±1.25aα
	7.81±1.20aα
	6.63±2.91aα
	0.22

	Length gain (Cm)
	Rc
	3.97±0.56a
	3.96±0.62aα
	3.99±0.89aα
	3.74± 0.38aα
	0.34

	
	Rb
	3.97±0.56a
	3.35±0.80aα
	3.98±1.20aα
	3.30±0.51aα
	0.44

	Specific growth rate (%)
	Rc
	3.26±0.25a
	3.36±0.35aα
	3. 39±0.38aα
	3.27± 0.26aα
	0.93

	
	Rb
	3.26±0.25a
	3.17±0.35aα
	3.33±0.35aα
	3.27±0.36aα 
	0.88

	K Factor
	Rc
	1.83±0.23a
	1.96±0.26bα
	1.97±0.16bα
	1.97 ±0.18bα
	0.04

	
	Rb
	1.83±0.23ab
	1.96± 0.19bα
	1.64±0.18aβ
	2.21±0.37cβ
	0.02

	Food consumption (g)
	Rc
	43.88±0.48c
	43.74±3.25cα
	38.82±1.40bα 
	31.74± 3.69aα
	0.01

	
	Rb
	43.88±0.48a
	43.33±1.21abα
	[bookmark: _Hlk196828893]42.44± 1.50abβ
	42.32±1.24bβ
	0.02

	Food consumption rate 
	Rc
	3.34±0.40a
	3.14±0.69aα
	2.76±0.68bα
	2.41± 0.73cα
	0.03

	
	Rb
	3.34±0.40a
	2.95±0.95aα
	3.19±0.54aα
	2.79±0.61aα
	0.26


a, b and c: the means assigned the same letter on the same row do not show any significant difference (P < 0.05); α and β: the means assigned the same symbol on the same column and for the same characteristic are not significantly (P < 0.05) different. Rb: diet incorporated with baker's yeast; Rc: incorporated ration of baking powder.
Table 3 shows that: With the exception of total and standard lengths, length gain, and specific growth rate, which were not influenced, all other growth characteristics were significantly influenced (P˂ 0.05) by the type and rate of yeast incorporation in the feed.  Thus, the highest significant values (P˂0.05) for live weight, weight gain, and average daily gain were observed in groups fed rations containing 1.5 and 2% of baking powder and baker's yeast, respectively, while the lowest significant values were obtained in groups fed and 0% 1.5% of baker's yeast and those without yeast.
The condition factor K, for its part, presented the highest significant values (P˂0.05) in groups containing the highest levels of yeast, regardless of the type of yeast in the feed, and the lowest values in fish fed 0% of yeast or 1.5% of baker's yeast, respectively.
The highest values for feed consumption and feed conversion were obtained in groups containing no yeast in the feed, and the lowest values in groups with the highest yeast levels, regardless of the type of yeast.  
At the same incorporation rate, the values of all growth characteristics were higher in fish fed diets containing baking powder compared to those fed diets containing baker's yeast, except for feed consumption and feed conversion ratio, where the opposite effect was observed.
2.2.3. Weight-total length relationship in O. niloticus according to the type and rate of yeast incorporation in the feed
The weight-total length relationship according to the type and rate of yeast incorporation in the feed. is summarized in Table 4.
Table 4 : Weight-total length relationship in O. niloticus according to the type and level of yeast incorporation in the feed 
	Rate of yeast incorporation
	Equations
	R2
	a
	b
	Type of growth

	R0 
	BW= 0.133TL2.114
	0.796
	0.133
	2.114
	Minorant

	RC1 
	BW = 0.032TL2.751
	0.782
	0.032
	2.751
	Minorant

	RC1.5%
	BW = 0.032TL2.755
	0.922
	0.032
	2.755
	Minorant

	RC 2 
	BW = 0.084TL2.336
	0.86
	0.084
	2.336
	Minorant

	Rb 1
	BW =10.694TL2.2805
	0.720
	10.694
	2.280
	Minorant

	Rb 1.5
	BW =49.303TL2.518
	0.847
	49.303
	2.518
	Minorant

	Rb 2
	BW =10.466TL1.2883
	0.728
	10.466
	1.288
	Minorant


BW: live weight; TL: total length;
R0; Rc1; Rc1.5; Rc2: diet containing 0%, 1%, 1.5%, or 2% baking powder.
Rb1, Rb1.5, Rb2: diet containing 1%, 1.5%, or 2% baker's yeast.
It appears that, overall, this relationship follows a power-type equation, and the coefficients of determination (R²) ranged from 0.72 to 0.92. Furthermore, the allometric coefficient (b) ranged from 1.28 to 2.75, demonstrating a growth pattern of minor allometric type regardless of the type and rate of yeast incorporation in the feed. This means that throughout the trial, fishes tended to grow more in length than in weight, regardless of the treatment. 
3.3.  Discussions
Effect of Yeast Type and Incorporation Level on Feed Buoyancy
Although buoyancy is a very important parameter for assessing feed quality in aquaculture, there has been a lack of information on this parameter, hence the absence of data in the literature. In this study, the incorporation of yeast into the feed increased the buoyancy time, with an increase in buoyancy as the yeast content increased, regardless of the type. This increase in buoyancy as a function of yeast incorporation rate can be explained by the fermentation reactions between the yeast and the carbohydrates contained in the feed. Indeed, this reaction is accompanied by the release of gas, which, trapped in the feed boluses, contributes to lightening them, thus facilitating their buoyancy.
Effect of Yeast Type and Incorporation Level on Survival rate and Growth Performances of O niloticus
The survival rates, ranging from 65 to 84%, observed in our study are satisfactory and similar to those reported by Ouman et al. [17]; He et al. [18] in O. niloticus. On the other hand, studies conducted by Tonfack et al. [19] on Labeobarbus batesii post-larvae showed a survival rate of 41.83% when 25% of baker's yeast was incorporated into the ration. This variation could be explained by the difference in developmental stages considered and therefore by the fragility and nutritional difficulty of the post-larvae used by the latter in fry rearing. The high survival rates obtained in this study can also be explained by the good physiological condition of the fish due to yeast consumption. Indeed, several authors assert that there is a positive correlation between the incorporation of yeast into feed and the overall health status of fish [11]. Hansen et al. [9] support this view by demonstrating that yeast can be used as a mitigation strategy to counteract inflammation of the distal intestine in Atlantic salmon. The work of Huyben et al. [20] reinforces this assertion by stating that dietary supplementation with the yeast S. cerevisiae can be used to modulate the intestinal microbiota of fish.
Regarding weight gain and average daily gain, the respective values of these characteristics obtained in this work increase according to the rate of incorporation of yeast into the feed.  Thus, these values are higher compared to those obtained by Banu et al. [21] in M. cavasius, where the weight gain increased progressively from 0.69 to 2.4 g after 75 days of rearing with the increasing level of yeast incorporation from 0 to 1.5 g / kg of feed. The work of Ghosh et al. [22] on Atlantic salmon is contradictory to these observations with weight gain values (2.17-1.31 g) decreasing with the increase in the yeast level in the ration after 75 days of rearing. The studies conducted by Tonfack et al. [19] in 45 days on post-larvae of Labeobarbus batesii presented the values of 1 g and 0.02 g respectively for weight gain and average daily gain.  The weight increase with the rate of dietary incorporation of yeast could be explained, on the one hand, by the high nutritional value of yeast because according to Agboola et al. [11] the total content of essential amino acids in yeasts in general meets the amino acid requirements of Atlantic salmon and rainbow trout. Abass et al. [23] share the same view, stating that yeasts could be used to partially replace fish meal or soy protein without any adverse effect on the growth performances of Nile tilapia. On the other hand, The weight increase with the rate of dietary incorporation of yeast could be explained by its fermentation reactions with carbohydrates. Indeed, during these reactions, the lignin, cellulose, and chitin contained in the cell wall of plant cells are digested, thus increasing the nutritional value of the feed by releasing the nutrients contained in this enveloppe. However, these differences in observed trends can be explained by the genetic determinism of the fish used. Indeed, the value of a food depends on the diet of the fish in question.
As for the specific growth rate, the condition factor K, and feed consumption, these characteristics varied depending on the rate of incorporation of yeast into the feed. Indeed, the specific growth rate of between 3.16 and 3.38% obtained during this work is comparable to that (4.11%) reported by Tonfack et al.  [19] in Labeobarbus batesii post-larvae receiving 25% yeast in the diet. The opposite trends were observed by Banu et al. [21] in the freshwater catfish Mystuscavasius gulsatengra where the specific growth rate increased from 1.08 to 2.23% when going from 0 to 1% yeast incorporation rate in the diet and then decreased from 2.23 to 1.93% when going from 1 to 1.5%, as well as the observations made by Ghosh et al. [22] on Atlantic salmon which showed that the specific growth rate decreased (1.07 to 0.74%) with the increase in yeast rate from 0.1 to 0.5%. This work suggests that the growth rate of fish would depend on the dose of yeast incorporation in the diet.
Regarding the condition factor K, the values obtained (1.83 to 2.21) increased with the rate of incorporation of yeast into the feed and are greater than 1, suggesting a good health condition of the fish during the trial. This corroborates the observations of Banu et al. [21] in the freshwater catfish Mystuscavasius gulsatengra for which this factor varies from 1.02 to 1.92 when the rate of incorporation of yeast increases from 0 to 1g/kg of feed, although this factor decreases beyond this value of the incorporation rate. Our values nevertheless remain higher than those of Tonfack et al. [19] who report a value of 0.96 in Labeobarbus batesii fed a ration containing 25% baking powder.  The good health conditions of the fish during the trial can be explained by the high nutritional qualities of yeasts. Indeed, research on yeast-based products in fish diets has demonstrated their role as nutritional supplements and functional additives with beneficial effects on fish immune responses and intestinal health [24]. 
The values of feed consumption and feed conversion ratio during this trial decreased with the rate of incorporation of yeast in the feed ranging from 43.88 to 31.74g (feed consumption) and 3.34-2.41 (feed conversion ratio) respectively. These results obtained for the feed conversion ratio are in the same direction as those of Banu et al. [21] for whom the values range from 4.73 to 1.51 when the rates of incorporation of yeast increase from 0 to 1g/kg of feed, although this index increases beyond this value of the incorporation rate. These observations are contrary to those obtained by Ghosh et al. [22] for whom the feed conversion ratio (1.83 to 3.03) increases with the rate of incorporation of yeast in the feed (0.1g to 0.5g per 100 kg of feed).  
[bookmark: _Hlk210536355]Regarding the total length-total weight relationship, the values obtained are comparable to that of Tonfack et al. [19] for whom « b » is 2.41 for post-larvae of Labeobarbus batesii when the yeast incorporation rate in the feed is 25%. As well as to the observations of Kpoumie et al. [25], who, comparing 03 strains of Nile Tilapia in fry, obtained values of « b » varying between 2.28 and 3. This difference suggests to us that this fish at a young age tends to grow more in length than in weight, hence the minor allometry (the fish grows more in length than in weight).  
It is nevertheless important to specify that the results obtained in this study, particularly those relating to the growth characteristics of O niloticus, would have been more precise with a longer observation period (4-6 months) and a number of replication greater than two.
Conclusion
At the end of this study, which aimed to evaluate the effect of yeast type and incorporation rate on feed buoyancy, as well as survival and growth characteristics in O. niloticus, the following conclusions can be drawn:
The type and incorporation rate of yeast in the feed significantly influenced feed buoyancy. Thus, the flotation time increased with increasing levels of baking powder in the feed but decreased from 1% for baker's yeast, with the highest values obtained in diets containing 2% and 1% baking powder and baker's yeast respectively. Feeds incorporating baker's yeast exhibited better buoyancy, followed by those incorporating baking powder, whose flotation time was significantly higher than that of feeds without yeast.
The survival rate and growth characteristics studied varied significantly depending on the type and incorporation rate of yeast in the feed.  These performances increased with the increasing rate of baking powder in the ration. Except for the survival rate, whose performances seemed to decrease (although not significantly) with the yeast incorporation rate. The highest performances for all growth characteristics were obtained in fish fed at 1.5% of the yeast incorporation rate in the feed.
The use of yeast, preferably 1% baker's yeast or 2% baking powder, is therefore recommended for the manufacture of pellets for Nile Tilapia, both to increase the buoyancy of the feed and to improve its growth performance. 
We plan in our future work:
- To continue this work until table fish are obtained in order to evaluate the toxicity of yeast on fish flesh as well as its effect on reproductive characteristics.
- To extend the study to other species of fish interest.  


[bookmark: _Hlk204003461][bookmark: _Hlk209007716]Disclaimer (Artificial intelligence)
Author(s) hereby declare that NO generative AI technologies such as Large Language Models (ChatGPT, COPILOT, etc.) and text-to-image generators have been used during the writing or editing of this manuscript. 

References
1. Soua Mboo N. N., 2007. The Role of Institutions in the Development of Fish Farming: The Case of the Central and Eastern Provinces of Cameroon. Master's Thesis, in Economics and Management of Agricultural, Agri-Food, and Rural Development. The University of Montpellier 1, france 112pp.
2. Tambi, N. E. (2001). "Analysis of Household Attitudes Toward the Purchase of Livestock Products and Fish in Cameroon." Agricultural Economics 26: 135-147.
3. MINEPIA, 2021. Strategy Document for the Livestock, Fisheries, and Animal Industries Subsector. 135p
4. FAO, 2016. The State of World Fisheries and Aquaculture. Contributing to Food Security and Nutrition for All. Rome, 224p
5. Lazard J., 2009. Tilapia Fish Farming. Cah. Agric., 18(2–3), 393–401.
6. MINEPIA, 2020. Report on the status of production and imports in the livestock, fisheries and animal industries subsector in Cameroon. 23p
7. FAO, 2013. Phenotypic characterization of animal genetic resources. FAO Animal Production and Health Guidelines, 11: 56p.
8. Louis Pasteur 1857: Beginning of work on fermentation. Vol. 2. 45p
9. Hansen JØ, Hofossæter M, Sahlmann C, ˚Anestad R, RevecoUrzua FE, Press CM et al. (2019) Effect of Candida utilis on growth and intestinal health of Atlantic salmon (Salmo salar) parr. Aquaculture 511:1–10.
10. Vidakovic A, Huyben D, Sundh H, Nyman A, Vielma J, Passoth V et al. (2020) Growth performance, nutrient digestibility and intestinal morphology of rainbow trout (Oncorhynchus  mykiss) fed graded levels of the yeasts Saccharomyces cerevisiae and Wickerhamomyces anomalus. Aquaculture Nutrition 26: 275–286.
11. Agboola Opeyemi J, Øverland M, Skrede A, and Hansen Øvrum H. 2020. Yeast as major protein-rich ingredient in aquafeeds: a review of the implications for aquaculture production. Review in Aquaculture pp 1-22
12. Cacot P, Mikolasek O and Nguenga D., 2006. Contribution to improving fry production in Cameroon: reproduction and nursery rearing trials with Clarias gariepinus and two other species at the IRAD station in Foumban. CIRAD mission report. 64 p.
13. Pouomogne V. 1993. Growth response of Oreochromis niloticus to eow manure and supplemental feed in earthen ponds. Revue d'HydrologieTropicale 26 (I2): 153-160
14. Aubréville. 1973. Climates, Forests and Desertification of Tropical Africa, Geographical, Maritime and Colonial Publishing Company, Paris, 1949. Report of the Anglo-French Nigeria-Niger Forestry Mission, Woods and Forests of the Tropics, No. 148, P 3-26.
15. Tomedi E.T.M., Tiogué T.C., Efole E. T., Kenfack M. and Tchoumboué J. 2014. Population Structure, Condition Factor, Length-weight and Length-age Relationships of Labeobarbus batesii (Boulenger, 1903) in Mbô Flood Plain in Western Region of Cameroon. International Journal of Aquaculture, 19(4)
16. AOAC (Association of Official Analytical Chemists), 1990. - Official methods of analysis of the Association of Official Analytical Chemists, 15th edition. AOAC, Arlington, Virginia, USA.
17. Osman, H.A.M., Ibrahim, T.B., Soliman, W.E., Monier, M.M., 2010. Influence of dietary commercial Bakers yeast, Saccharomyces cerevisae on growth performance, survival and immunostimulation of Oreochromisniloticus challenged with Aeromonashydrophila. Nat. Sci. 3 (8), 96–103
18. Suxu He, Yu Zhang, Li Xu, Yalin Yang, Toshihiro Marubashi, Zhigang Zhou, Bin Yao, 2013. Effects of dietary Bacillus subtilis C-3102 on the production, intestinal cytokine expression and autochthonous bacteria of hybrid tilapia Oreochromis niloticus ♀ × Oreochromis aureus ♂. Aquaculture 412-413 (2013) 125–130
19. Tonfack A. P., Tiogue T. C., Kpoumie N. A, Ngoula F., Djikengoue K.p.L., Mambe T. F., Njouokou S., Efole E. T. and Tchoumboue J., 2020. Survival rate and growth performances on pre-pregnancy of the African Cyprinidae Labeobarbus batesii (Boulenger, 1903) according to the level of dietary protein. International Journal of Aquaculture Research and Development.2(1): 22-33
20. Huyben D, Nyman A, Vidakovi´c A, Passoth V, Moccia R, Kiessling A et al. (2017) Effects of dietary inclusion of the yeasts Saccharomyces cerevisiae and Wickerhamomyces anomalus on gut microbiota of rainbow trout. Aquaculture 473: 528–537.
21.Banu M.R., ShammeeAkter, MdReazul Islam, MdNurunnabiMondol, MdAmzad Hossain. 2020. Probiotic yeast enhanced growth performance and disease resistance in freshwater catfish gulsatengra, Mystuscavasius.Aquaculture Reports 16p
22. Ghosh K., Sen S.K., Ray A.K. 2005. Feed utilization efficiency and growth performance in rohu, Labeorohita (Hamilton, 1822), fingerlings fed yeast extract powder supplemented diets. ActaIchthyol. Piscat. 35 (2): 111–117.
23. Abass D, Obirikorang K, Campion B, Edziyie R, Skov P (2018) Dietary supplementation of yeast (Saccharomyces cerevisiae) improves growth, stress tolerance, and disease resistance in juvenile Nile tilapia (Oreochromis niloticus). Journal of the European Aquaculture Society 26: 843–855. 
24. Eryalcin KM, Torrecillas S, Caballero MJ, Hernandez-Cruz CM, Sweetman J, Izquierdo M (2017) Effects of dietary mannanoligosaccharides in early weaning diets on growth, survival, fatty acid composition and gut morphology of gilthead sea bream (Sparus aurata, L.) larvae. Aquaculture Research 48: 5041–5052.  
25. Kpoumie N. A., Tonfack A. P., Efole E. T., Fotsa J. C., Fonteh F. and Manjeli Y. 2020. Growth performances of three populations of Oreochromis niloticus (Linnaeus, 1758) in Sudano Guinean altitude zone of Cameroon. International Journal of Fisheries and Aquatic Studies 2020; 8(2): 28-33


R 0	1	15	30	45	60	2.2000000000000002	3.5	7.8	11.9	15.74	Rc 1	1	15	30	45	60	2.2000000000000002	3.7	8.8000000000000007	12.9	16.559999999999999	Rc 1,5	1	15	30	45	60	2.2000000000000002	4.3	7.7	11.2	16.37	Rc 2	1	15	30	45	60	2.2000000000000002	4	6.5	10.8	15.5	Rb1	1	15	30	45	60	2.2000000000000002	4.33	8.9	10.7	16.88	Rb 1,5	1	15	30	45	60	2.2000000000000002	3.89	6.7	11.4	15.51	Rb2	1	15	30	45	60	2.2000000000000002	3.74	7.05	12	17.329999999999998	Time (Days)


live weight (g)



R 0	1	15	30	45	60	5.53	6.1	7.15	8.2100000000000009	9.0500000000000007	Rc 1	1	15	30	45	60	5.53	7.1	8.18	9.1	9.44	Rc 1.5	1	15	30	45	60	5.53	6.5	7.76	8.9	9.4600000000000009	Rc 2	1	15	30	45	60	5.53	6.8	7.5	8.8000000000000007	9.14	Rb1	1	15	30	45	60	5.53	6.33	7.33	7.93	8.58	Rb 1.5	1	15	30	45	60	5.53	6.87	7.61	8.48	9.51	Rb2	1	15	30	45	60	5.53	6.63	7.45	7.96	8.33	Time (Days)


Total length (Cm)




32	32	672.1	358	255	705	617	705	617	32	32	672.1	358	255	705	617	705	617	Types of yeast	Rc	Rb	Rc	Rb	Rc	Rb	0%	1%	1.5%	2%	74	773	5568	1345	4770	4029	1929	Rate of incorporation of yeast into the feed (%)


Float time (s)



12.07	12.07	6.77	7	11.82	11	8.8000000000000007	11	8.8000000000000007	12.07	12.07	6.77	7	11.82	11	8.8000000000000007	11	8.8000000000000007	Types of yeast	Rc	Rb	Rc	Rb	Rc	Rb	0%	1%	1.5%	2%	70.531000000000006	83	73.3	74.599999999999994	76.83	84	65.16	Rate of  incorporation of yeasts into the feed (%)


Survival rate (%)






