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Abstract

The present study evaluated the effects of substituting wheat flour with sorrel meal in the diet
of Oreochromis niloticus fry. A total of 180 fry, with an average weight of 0.09 g, were reared
in nine 50 L tanks. Three diets with identical protein content (30%) but different incorporation
levels of sorrel (Hibiscus sabdariffa) cake meal—0% (R1, control), 50% (R2), and 100% (R3)
were formulated. Each diet was tested on three groups of 20 fish, fed for 45 days. The results
showed that fish fed diet R3 (100% sorrel meal) achieved the highest growth parameters. Fry
receiving diets R2 and R3 exhibited the lowest Feed conversion rate (FCR) compared to the
control. Survival rates at the end of the experiment were 55% for the control, 73% for R2, and
58% for R3. Flesh protein content was significantly higher in fish fed diet R3 and lowest in
those fed the control diet. In contrast, fat content was highest in fish fed diet R1, while those
receiving diets R2 and R3 had the lowest values. Regarding ash content, the highest values
relative to initial fish composition were recorded in fish fed diet R3. These findings indicate
that sorrel meal had no adverse effects on the survival of O. niloticus fry. In conclusion, wheat
flour can be effectively replaced with sorrel meal in the diet of O. niloticus fry without
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compromising growth performance. This suggests that sorrel meal is a viable plant-based
protein source for fish feed formulation, potentially lowering production costs and improving
farm profitability.
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1. Introduction

For hundreds of millions of people worldwide, fisheries and aquaculture remain vital sources
of food, income, and livelihoods. Global aquaculture production has been steadily increasing
for many years, reaching a record 130.9 million tonnes (live weight equivalent) between 2020
and 2022—an increase of 8.1 million tonnes compared to the 122.8 million tonnes recorded in
2020. Farmed aquatic animals accounted for 94.4 million tonnes of this total (FAO, 2024),
reflecting a 6.7 million tonnes increase over the same period. Notably, in 2022, for the first time
in history, global aquaculture production of animal species surpassed wild-capture fisheries,
which were estimated at 91 million tonnes.

Aquaculture is currently one of the world's fastest-growing food production sectors, primarily
practiced in developing countries, particularly in low-income, food-deficit regions.
Recognized as one of the animal production activities with the highest growth potential,
aquaculture shares the same fundamental goal as agriculture: to increase food production
beyond natural levels.

In Senegal, various fish species are farmed, with Nile tilapia (Oreochromis niloticus), a
member of the Cichlid family, playing a key role in production. However, tilapia farming faces
significant challenges related to feed, not only in terms of cost but also concerning availability,
quality and nutritional value.

These concerns are frequently raised in aquaculture-related discussions. In response, extensive
research has been conducted to develop alternative feeds using locally available ingredients.
While these local raw materials are often preferred for feed formulation, their high
incorporation rates can increase production costs. Additionally, the use of certain human food
ingredients in fish feed creates competition with human consumption, raising food security
concerns. Teixeira et al. (2020) reported that, it is possible to replace wheat flour with oat,
quinoa, and amaranth in the tilapia diet. Jiang et al. (2025) indicated that palm kernel cake
could completely replace wheat bran without compromising the growth performance of grass
carp, with optimal growth observed at 40 % replacement level. Huang et al. (2024) showed
that the replacement of wheat bran with palm kernel cake concentrations up to 80% had no
significant effect on the growth rate of tilapia or feed utilization. Complete replacement of
wheat bran with fermented palm kernel cake promoted intestinal immunity. It also improved
dietary nutrient utilization and growth performance. However, the optimal growth was
achieved at a 40% replacement level.

Although wheat is cultivated in Senegal, most of the flour used is imported, making it costlier
than sorrel cake, which is locally produced. This explains the higher cost of feeds containing
larger amounts of wheat flour compared to those incorporating sorrel cake.
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The seeds of Hibiscus sabdariffa contain very high concentrations of proteins, lipids, and
total sugars, making them good sources of both proteins and fats. All essential amino acids
are present; among these, leucine (7%), phenylalanine (5%), and threonine (4%) are the most
abundant. The total concentration of essential amino acids in H. sabdariffa seeds is 39.5 g per
100 g of protein (El-Adawy et al., 1994). Therefore, it may be possible to use H.
sabdariffa seeds to enrich lysine-deficient foods. With an average oil content of 20%, H.
sabdariffa seeds have an oil richness comparable to that of other seeds such as tomato seeds
(Lazos et al., 1998) or baobab seeds (Diop et al., 2005). The crude seed oil consists of more
than 70% unsaturated fatty acids.

This study aligns with a strategic effort to replace costly, human-consumed ingredients such as
wheat flour with more affordable and locally available alternatives. The primary objective is to
evaluate the effects of substituting wheat flour with sorrel (H. sabdariffa) cake meal on the
growth performance of O. niloticus.

2. Materials and Methods
2.1 Feed Formulation

During the experiment, three diets were studied. Diet 1 (R1, control) a standard, nutritionally
balanced formulation designed to meet the dietary needs of fish. It contained 100% wheat flour
and 0% sorrel meal, serving as the reference diet. Diet 2 (R2) contained 50% wheat flour and
50% sorrel cake. Diet 3 (R3) composed entirely of sorrel cake (100%) with no wheat flour (0%).

The composition of each diet is presented in Table I.

Table I. Composition of diet (100g)

Ingredients (g) R1 (control) R2 R3
Fish meal 20 20 20
Poultry meal 25 25 25
Sorrel cake meal 0 5 10
Wheat flour 10 5 0
Corn flour 25 25 25
Cassava flour 10 10 10
Poultry viscera oil : Neocarya oil (1:1) 5 5 5
Vitamins?

Minerals®

Yeast 3 3 3
Total (g) 100 100 100
Protein 30.43 30.12 29.80
Fat 13.16 13.13 13.09

a=vit A 250000 UI; vit D3 250000UI; vit E 5000mg; vit B1 100mg; vit B2 400mg; vit B3(pp) 1000mg; vit B5 pantode Ca2000mg; vit B6
300mg; vit K3 1000g; vit C 5000mg; H biotin 15mg; choline 100g; anti-oxydant (BHT), crushed and calcined attapulgite gs 1000mg;

b=phosphorus 7%; calcium 17%; sodium 1,5%; potassium 4,6%; magnesium 7,5%; manganese 738mg; zinc 3000mg; iron 4000mg; copper
phosp p

750mg; iodine 5Smg; cobalt 208mg; calcined and ground attapulgite qs 1000g; fluorine 1.5% (approximately).
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The experimental feeds were manually prepared using a Moulinex mincer. The various
ingredients listed in Table I were sourced from the local market, while vitamins and minerals
were donated. Some ingredients were pre-processed to remove impurities before use. The feed
preparation process, involved grinding the ingredients into a fine powder or flour, weighing
them, and mixing them thoroughly. Approximately 30% tap water was added to the mixture to
form a malleable paste, which was then passed through the mincer. The mincer extruded the
paste into spaghetti-like filaments, which were sun-dried before being ground into powder
using a mortar. The resulting feed powder was sieved to ensure uniform particle size and then
stored for future use.

2.3 Experimental Protocol

The experiment was conducted at the Institut universitaire de Péche et d’Aquaculture (IUPA)
aquaculture station in an isolated system over a six weeks period to evaluate the effects of
different diets on the growth of O. niloticus fry. A total of 180 Nile tilapia fry were selected and
distributed into nine 50 L tanks, with 20 individuals per tank. The initial biomass per tank was
approximately 1.92 g.

The fish were fed twice daily (at 10:00 and 17:00) with one of the three experimental diets: R1
(control), R2, and R3 (test diets), in triplicate. The quantity of feed distributed per tank was
adjusted based on biomass measurements taken every 15 days. The feeding rate was gradually
reduced throughout the experiment: First fortnight: 15% of biomass, second fortnight: 10% of
biomass, third fortnight: 8% of biomass.

Physicochemical parameters, including pH and temperature, were recorded twice daily
(morning and evening) using multifunction device before tank siphoning. After each siphoning,
the removed water was replaced with fresh water.

2.4 Growth, Feed Efficiency and Survival Parameters
At the end of the experiment, weight data were used to evaluate the following parameters:

o Absolute Mean Weight Gain (AMWG, g) = Final average weight — Initial average
weight

o Relative Mean Weight Gain (RMWG, %) = (AMWG / Initial average weight) x 100

o Specific Growth Rate (SGR, %/day) = [In (Final average weight) — In (Initial average
weight)] x 100 / Duration

o Feed Conversion Ratio (FCR) = Total feed distributed / AMWG

o Survival Rate (SR, %) = (Number of surviving individuals / Initial number of
individuals) x 100

Flesh analysis

After six weeks of feeding, samples were taken from the initial fish population as well as
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from each experimental tank. These samples were sent to the Ecole nationale d’Agriculture
(ENSA) laboratory in Thi¢s for biochemical composition analysis, including dry matter,
crude protein, ash, and lipid content, following the standard procedures outlined by the
Association of Official Analytical Chemists (AOAC, 1995).

Statistical analysis

Collected data were recorded and processed using Microsoft Excel, then analyzed using
SAS-PC statistical software (Joyner, 1985). An analysis of variance (ANOVA) was
performed to assess differences between treatments for growth, feed efficiency, survival, and
flesh composition parameters. Duncan's multiple range test was used to determine significant
differences between treatments, with significance set at P < 0.05.

3. Results and Discussion
3.1 Results
3.1.1 Physic-Chemical Parameters

Monitoring of physico-chemical parameters during the experiment (Table II and III) shows
the average variation of temperature and pH in the three diets.

Table II. Variation in temperature over the six-week experiment

Diet R1 (Indicator) R2 R3
Average temperature 26.05+0.01° 26.07+0.02° 26.12+0.50*

Temperature monitoring indicated that values ranged between 26.05°C and 26.12°C, with an
average of 26.08°C. The minimum, average, and maximum temperatures were consistent
across all dietary treatments, showing no variation between groups.

Table III. Variation in hydrogen potential (pH) over the six-week experiment

Diet R 1 (control) R2 R3
Average pH 7.47+£0.00° 7.44+0.06° 7.48+0.00%

The data indicate that the R2 diet had the lowest recorded pH value (7.44). However, the
mean pH values across all diets were nearly identical. Statistical analysis revealed no
significant differences in pH between the dietary treatments.

3.1.2 Growth, Feed Efficiency and Survival Parameters

During the experiment, various growth parameters were determined to evaluate the growth of
tilapia fry in each diet (Table IV).
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Table I'V. Growth, feed efficiency and survival parameters of Nile tilapia fry fed different diet
for six weeks.

Diet Parameters R 1 (control) R2 R3

IW (g) 0.10+0.00? 0.10+0.00* 0.10+0.002
FW (g) 0.55+0.14* 0.50+0.11% 0.60+0.16°
AMWG (g) 0.46+0.14* 0.41+0.11% 0.50+0.16°
RMWG (%) 481.7£154.15? 428.2+115.40° 532.4+167.43*
SGR (%/d) 4.13+0.63? 3.92+0.54*° 4.33+0.66?
FCR 2.89+0.55% 2.37£0.622 2.26+£0.712
SR (%) 55+5.00° 73.33+2.88° 58.334+2.88*

IW: Initial average weight; FW: Final average weight; AMWG: Absolute mean weight gain;
RMWG: Relative mean weight gain; SGR: Specific growth rate; FCR: Feed conversion ratio;
SR: Survival rate.

Values in the same row with the same superscript letter are not significantly different (P >
0.05). Conversely, values in the same row with different superscript letters are considered
significantly different (P < 0.05).

At the start of the experiment, the initial mean weight of Nile tilapia fry (0.10 g) was similar
across all diets. The final mean weight varied slightly between dietary treatments, ranging from
0.50 £ 0.11 gto 0.60 £ 0.16 g. Mean absolute weight gain showed slight variations, ranging
from 0.41 +£0.11 gto 0.51 £0.15 g.

The statistical analysis showed no significant differences (P > 0.05) in final mean weight,
AMWG, RMWG, SGR, or FCR among the dietary treatments. Regarding relative mean
weight gain (RMWG), the highest value was observed in fish fed the R3 diet (532.4 +
167.43%), followed by those fed the control diet (R1) (481.7 + 154.15%). The lowest RMWG
was recorded in fish fed the R2 diet (428.2 + 115.40%). Nile tilapia fry fed the different diets
exhibited similar specific growth rates (SGR) and feed conversion ratios (FCR), ranging from
3.92 £ 0.54%/day to 4.33 + 0.66%/day for SGR and from 2.26 + 0.71 to 2.89 £ 0.55 for FCR.
On the other hand, survival rates differed significantly. The R2 diet had the highest survival
rate (73%) and was significantly different from the other diets (P < 0.05). Diets R1 (55.00 +
5.00%) and R3 (58.33 + 2.88%) showed no significant difference from each other.

3.1.3 Flesh Analysis

Biochemical composition analysis was used to determine the protein, fat and ash submissive
of Nile tilapia fry on different diet after six weeks of feeding, as shown in Table V.
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Table V. Biochemical composition of Nile tilapia fry fed different diet for six weeks

Biochemical composition (%) Initial fish R 1 (control) R2 R3

Crude protein 11.19+0.00°¢ 16.05+0.66° 17.06£0.39°  23.35+£3.51°
Crude Fat 7.26+0.00° 7.48+0.44° 7.45+0.72° 8.67+0.192
Crude Ash 4.26+0.00° 4.99+0.20° 5.45+0.82* 4.69+0.85°?

Different superscript letters in the same row indicate a significant difference (P < 0.05)
between diets.

The results indicate that fry fed Diet 3 (R3) had a significantly higher crude protein content
(23.35%) than those fed other diets (P < 0.05). Fry fed Diet R1 and Diet R2 recorded crude
protein levels of 16.05 + 0.66% and 17.06%, respectively, with no significant difference
between them (P > 0.05). The initial fry had the lowest crude protein content (11.19 & 0.00%).

Fat levels remained relatively stable between Diet 1 (R1) (7.48 £ 0.44%) and Diet 2 (R2) (7.45
+ 0.72%), showing no significant difference from the initial fry (7.26 £ 0.00%). However, fry
fed Diet 3 (R3) had the lowest fat content (4.69 + 0.85%). Regarding ash content, no
significant differences were observed between the control (R1), R2, R3, and the initial fry (P >
0.05). Ash content ranged from 4.26 + 0.00% to 5.45 + 0.82%.

3.1.4 Economic Estimation of Feeds
The results of the economic evaluation are shown in Table V1.

Table VI. Economic estimation of feeds

Ingredients (g) Price per kg (F CFA) R 1 (control) R2 R3
Fish meal 450 90 90 90
Poultry meal 250 62.5 62.5 62.5
Sorrel cake meal 200 0 12.5 25
Wheat flour 500 70 35 0
Corn flour 500 100 100 100
Cassava flour 500 50 50 50
Poultry/ Neocarya oil 150 7.5 7.5 7.5
Vitamins 1500 15 15 15
Minerals 1500 15 15 15
Yeast 500 15 15 15
Other expenses 50 50 50 50
Cost of one kg of feed (F CFA) 475.5 452.5 430
Production costs per kg of fish (F CFA 1374.19 1072.427 971.8

The economic evaluation of the feeds was conducted by calculating the price per kilogram
based on the cost of ingredients and their respective inclusion percentages in each
formulation. The results indicate that Diet 3 (R3) was the least expensive (430 FCFA/kg),
followed by Diet 2 (R2) at 452.5 FCFA/kg. In contrast, Diet 1 (R1) was the most expensive
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(475.5 FCFA/kg), making it the costliest option among the three diets. This study showed that
the price per kilogram of fish decreased as the level of sorrel cake meal increased.

4. Discussion

Water quality is a fundamental factor in fish farming, as it directly affects fish health, growth,
and overall farm profitability. Effective water quality management is therefore essential for
ensuring sustainable and productive aquaculture.

To evaluate water quality, key parameters such as temperature and pH were regularly
monitored. In this study, temperature values ranged from 24.20 to 26.55°C, which falls within
the optimal range of 22 to 29°C recommended for optimal growth and survival of O. niloticus
(Mires, 1995).

According to Crane (2006), the minimum pH required for fish growth and reproduction is 5.
The ideal pH for aquaculture, as noted by Malcolm et al. (2000), is between 6.5 and 8, while
Kanangire (2001) and Ouattara et al. (2003) reported that O. niloticus thrives within a pH
range of 6.5 to 7. In this study, pH values ranged from 6.28 to 7.36, with an average of 7.46,
which aligns with these recommended ranges.

Overall, the recorded physico-chemical parameters confirm that the rearing conditions in this
study were suitable for Nile tilapia fry.

The present study found no significant effect of sorrel cake meal as a protein source on the
growth performance and survival of O. niloticus fry. These findings indicate that the protein
requirement for O. niloticus fry can reach 30% without negatively impacting their
development.

The experimental results showed that fry fed the diet containing 100% sorrel meal achieved a
mean absolute weight gain of 0.50+0.15 g and a mean relative weight gain of 532.44+167.43%,
with a specific growth rate (SGR) of 4.33%/d. In contrast, the lowest growth performance was
observed in fry fed the diet containing 50% wheat flour and 50% sorrel cake meal, which
recorded a mean absolute weight gain of 0.41+11 g, a mean relative weight gain of
428.2+£115.40%, and an SGR of 3.92%/d. However, these results are superior to those reported
by Sarr et al. (2023), who studied the effects of agricultural by-products on the growth and
survival of Clarias gariepinus (African catfish) fry. Their study recorded a relative mean
weight gain of 34.96+0.36% and an absolute mean weight gain of 0.60+£0.02g, likely due to
species-specific differences.

Conversely, the present findings are lower than those reported by Fall et al. (2021), who
observed a mean absolute weight gain of 7.224+0.63g, a mean relative weight gain of
24,070+2,325%, and an SGR of 6.53+0.11%/d in their study on the effects of partially
replacing corn meal with Cyperus esculentus (tiger nut) meal in the diet of O. niloticus fry.
This discrepancy may be attributed to the longer experimental duration in their study (84 days
compared to 45 days in the present study)

In the present study, the best feed conversion rate (FCR) was observed with Diet 3 (100% H.
sabdariffa cake), which recorded a value of 2.26+0.71, followed by Diet 2 (50% wheat flour
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and 50% sorrel cake) with 2.37+0.62. The lowest feed efficiency was recorded with the control
diet (R1) (0% H. sabdariffa cake), which had an FCR of 2.89+0.55. However, no significant
differences were observed between the FCR values of fish fed different diets, indicating that
wheat flour can be replaced by sorrel cake meal (at 50% or 100%) without negatively
impacting feed efficiency. These results are superior to those reported by Sarr (2023) in his
study on the effects of agricultural by-products on the growth of Clarias fry, where FCR values
ranged between 11.99 and 15.77. This discrepancy may be due to differences in the nutritional
requirements of the species studied. Additionally, the FCR values obtained in the present study
are comparable to those reported by Fall et al. (2021), who recorded FCRs between 2.19+0.08
and 2.27+0.33 in their study on the effects of raw and processed pumpkin seeds on the growth
performance and whole-body composition of O. niloticus fry. Similarly, Ndione (2022)
obtained FCR values ranging from 2.00 to 3.34 in his research on the incorporation of different
forms of Boscia senegalensis ("Niandam") seed meal into Nile tilapia fry diets.

The survival rate of O. niloticus fry fed the different diets ranged from 55% to 73%. The
highest survival rate (73%) was recorded in fry fed the diet containing 50% wheat flour and
50% sorrel cake, which was significantly higher than the lowest survival rate (55%) observed
in fry fed the control diet (50% wheat flour and 0% sorrel cake). Fry fed the 100% sorrel meal
diet had an intermediate survival rate of 58%. These survival rates are lower than those
reported by Sarr (2023) in his study on the growth and survival of Clarias gariepinus, where
the R2 diet achieved a survival rate of 82%, and Ndione (2022), who recorded survival rates
ranging from 73.33% to 81.67%. However, they are higher than those found by Faye (2017),
who reported survival rates between 30% and 65% in his study on the effects of incorporating
different Boscia senegalensis seed flours into Clarias gariepinus fry diets.

Overall, the survival rates observed in the experimental groups (58%—73%) were acceptable
compared to the control group (55%). The lower survival rates may be attributed to stress from
handling and/or infection during the third week of the experiment. Some dead fry exhibited red
spots on their bodies, which may suggest disease-related mortality.

In the present study, a significant difference was observed in the protein content of tilapia fry
flesh across the tested diets compared to the initial fish. Protein content increased from
11.19£0.00% in the initial fish to 23.35+3.51% in fry fed Diet 3. These protein levels are
higher than those reported by Ndione (2022), who recorded protein levels between 16.8% and
17.3% in his study on the effects of incorporating different forms of Boscia senegalensis
("Niandam") seed meal on the growth performance, feed efficiency, survival, and biochemical
composition of Nile tilapia fry. However, they are lower than those reported by Diago (2020,
who recorded protein levels ranging from 89.93% to 93.41% in his experiment on O. niloticus
fry fed processed Boscia senegalensis leat meal. The protein levels obtained in the present
study are somewhat similar to those reported by Fall et al. (2021), who found protein levels
between 15.06% and 20.41% when studying the effects of raw and processed pumpkin seeds
on the growth performance and whole-body composition of O. niloticus fry.

At the end of the trial, fat levels ranged from 7.26+0.00% to 8.67+0.19%. Diet 3 had the
highest fat content (8.67+0.19%), which was significantly higher than that of Diet 1
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(7.48+0.44%, 100% wheat flour) and Diet 2 (7.45+0.72%, 50% wheat flour and 50% sorrel
meal). The initial fish had a slightly lower fat content (7.26+0.00%). These lipid levels are
higher than those reported by Diago (2020) (2.72%-3.74%) and Fall et al. (2021)
(0.49%—-1.5%) in their studies on the effects of raw and processed pumpkin seeds on O.
niloticus fry.

Ash content recorded at the end of the study ranged from 4.26+0.00% to 5.45+0.82%, with no
significant differences between treatments. These values are comparable to those found by
Sagne et al. (2013), who reported ash content ranging from 5.7% to 12.7% in their study on
the effects of vegetable oils in diets on the growth, survival, and biochemical composition of O.
niloticus flesh. However, they are higher than those reported by Ndione (2022), who recorded
ash levels between 6.53% and 7.05% in his study on the effects of incorporating Boscia
senegalensis seed meal in Nile tilapia fry diets.

The economic analysis indicates that the feed containing 100% wheat flour is the most
expensive and the least efficient. The differences in feed costs can be attributed to two main
factors: (1) the price of the ingredients used in feed formulation and (2) the quantities
incorporated into each diet. While the diets differ only in the type of ingredient used (wheat
flour vs. roselle cake), the proportion of wheat flour mainly influences the variation in feed
prices, which is slightly more expensive than sorrel cake.

5. Conclusion

This study demonstrated that sorrel cake meal (H. sabdariffa) could effectively replace wheat
flour in the diet of Nile tilapia fry (O. niloticus) without compromising growth performance or
feed efficiency. In fact, its inclusion even contributed to improving body composition. Fry fed
diet 2 exhibited the highest survival rates, followed by those fed diet 3, while the control diet
recorded the lowest survival rates. The findings indicate that fry fed sorrel meal-based diets
achieved growth performance comparable to those on the control diet, confirming that sorrel
cake meal is a viable alternative to wheat flour. While wheat flour has traditionally been used in
both human nutrition and aquaculture, it is now costly and often scarce. Despite being
cultivated in Senegal, local wheat production remains insufficient for sustainable use in fish
feed. In contrast, sorrel cake, which is readily available and potentially more affordable,
presents a promising alternative for enhancing the sustainability of fish feed.

Future Research Directions:

o Assessing sorrel cake meal as a grow-out feed for Nile tilapia (Oreochromis niloticus)
and other species, such as Clarias.

o Investigating its effect on digestibility and immune response of farmed fish.

e Enhancing the quality of sorrel cake meal by developing extruded feed pellet to
improve accessibility and feed efficiency.
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