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ABSTRACT  

Tilapia farming is increasing in the US, Mexico, and other countries, but 
anywhere the cost of feed is the big problem. Therefore, to reduce 
production costs the water hyacinth aquatic plant was used as a food 
supplement. Dehydrated water hyacinth was combined with cane molasses 
and anaerobically fermented with (Lactobacillus acidophilus). The 
fermented product was mixed with cornmeal and commercial food 
(Purina®), at proportions of 30-20-50, respectively. The mixture was 
extruded and dried, to be used as a feed supplement for tilapia. Tilapia 
juveniles between 5-7 g were obtained from a commercial hatchery and fed 
with Purina®, until fishes reached 24-26 g; then, tilapias were separated 
into two groups, the experimental and the control groups. The experimental 
group, 40 tilapias, was transferred to a 4032 L pond while the control 
group,15 tilapias, were distributed in 5 ponds of 300 L. This ensured that 
the stocking density was around (10 fish/m3) in all ponds. The experimental 
group was fed with water hyacinth-supplemented food, while the control 
group with Purina®. Tilapia from both groups were weighed every 2 weeks 
for 3 months; moreover, the water quality parameters pH, O2, T (oC), TSS 
and total ammonia were recorded in all the ponds. To know the tilapia 
growth from both groups, several growth parameters, such as: weight gain, 
relative growth rate, feed conversion ratio and specific growth rate were 
calculated. Results showed that weight gain in tilapia fed with supplemented 
water hyacinth food was 8.6 g higher, than tilapias fed with only Purina®. 
Also, the food cost of tilapias fed with water hyacinth-supplemented feed 
was 15.37 % lower than tilapia fed with Purina®. Therefore, it can be 
concluded that tilapia aquaculture at small and medium scale can 
developed satisfactorily using water hyacinth-supplemented feed. 
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I. INTRODUCTION 

In ancient cultures, there are several cases of the use of 
aquatic plants in the cultivation of fish, or co-cultures of 
plants and fish. The Chinese and other Asian cultures have 
cultivated fish in their rice fields for thousands of years. In 
Mexico, the Aztecs and other pre-Hispanic cultures 
developed a system where corn, bean, flowers, shrimp and 
freshwater fishes grew together. This system is known as 
Chinampas. Currently it is practiced only in the Xochimilco 
lake, in south Mexico City, Fig.1. The Chinampas are small 
islands with channels in the lake where plants and aquatic 
animals grow together, conforming an ecosystem in 
equilibrium. Unfortunately, these forms of aquaculture 
production have disappeared.  

Today, the largest number of fish farms use soybean or fish 
meal-based feed for the fish growth, which increases 
production costs, since these flours are not cheap. Also, the 
unconsumed food and the chemical added to combat diseases 
increase the organic charge and pollution in the disposable 
waters from the hatcheries. Therefore, currently much 
research is focused on the use of plants or organic wastes in 
aquaculture as alternative feed or supplements to feed. 

 

 
Fig. 1. The Chinampas in the Xochimilco lake, in South Mexico City.  

As can be observed, they are small islands with channels where corn, bean, 
flowers, shrimp, and freshwater fishes are cultivated together; also, 
Ahuehuetes trees (Taxodium huegelii C. Lawson1851) grow along the 
channels and the trees’ roots prevent erosion. The Chinampas are a system 
where the wastes produced by aquatic organisms supply nutrients for plants 
growing, which in turn purify the water.  
 

On the other hand, in tropical and subtropical regions there 
are many aquatic and terrestrial plants which have not been 

@ 
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used or are underutilized in freshwater aquaculture, like 
tilapia and other fishes, as in other productive activities. This 
is the case with water hyacinth, melaleuca, water chestnut, 
juncus, etc. Incorrectly, these plants are considered invasive 
or plagues, since they can “invade” diverse freshwater 
environments, such as wetlands, lakes, rivers, irrigation fields 
and aquaculture facilities [1].  

In Mexico the water hyacinth has no use, and sometimes is 
considered as a plague, since due to its rapid growth it can 
cover large areas of lakes and others body water, causing low 
levels of dissolved oxygen and then eutrophication, thereby 
rendering the water unsuitable for aquaculture of fish and 
other freshwater animals. However, recent research has 
shown that some aquatic and terrestrial plants have been used 
as feed or to protect fish from diseases caused by pathogen 
agents [2]. In this work, the authors carried out an important 
review of many plants with potential uses in aquaculture and 
veterinary medicine: for instance, the rosemary plant 
(Rosmarinus officinalis) has gained importance for its 
biological proprieties as anti-inflammatory, antimicrobial, 
antioxidant and anticancer properties, due to its secondary 
metabolites, such as carnosic acid, carnosol, rosemary acid 
and camphor, with beneficial effect on fishes, particularly in 
tilapia (Oreochromis niloticus) [3], [4]. Also this aquatic 
plant known in Mexico as Romero, has compounds with 
pharmacological properties of interest in the medicinal field 
due to their diverse aromatic compounds, essential oils and 
bioactive compounds [5], [7]. 

The garlic (Allium sativum) is a species within the 
Liliaceous family with nematicide properties in as the 
common carp (Cyprinus carpio) and tilapia (Oreochromis 
niloticus) [5], [7]. Another fairly common plant is (Leucaena 
leucocephala), known in Mexico as huaxyacac, huaje or 
guaje. It is an arboreal species of the legume family with 
anthelmintic properties in fishes such as catfish and tilapia 
[9], [10]. Another very common plant in Mexico is the 
(Calendula officinalis) known as gold button. Calendula or 
"flower of the dead", since it is used during the celebration of 
the day of the dead is an herb of the Asteraceae family; the 
extracts of this flower have antibacterial properties 
particularly on (Staphylococcus aureus and Pseudomonas 
aeruginosa) that cause infections in the stomach and gills of 
tilapia [11]. 

All these plants have active ingredients such as alkaloids, 
tannins, flavonoids, coumarins, quinones, terpenoids, 
simarubalidans, melicianins, limonoids, lactoses and lignans 
[6]. The red mangrove (Rhizophora mangrove) is an aquatic 
plant of the family Rhizophoraceae, the genus Rhizophora 
being the best known, and is widely found in mangrove 
ecosystems and marshes. It has strong antibacterial, antiseptic 
and antifungal action on many fish and other aquatic 
organisms [12]. In another work, the antiviral capacity in the 
phytotherapy of medicinal and aromatic plants in salmonid 
fish is addressed [13]. The development of drug resistant 
pathogens is a phenomenon that is affecting aquaculture. The 
treatment of microbial infections in fish and crustaceans 
involves dissolving large amounts of chemotherapeutic 
agents in the water pond or in feed. Most of these antibiotics 
are prohibited in the European Union, the United States and 
other countries. Plant products present a viable alternative to 
the use of antibiotics, as they are safer for culture organisms, 

humans, and the environment [14]. 
On the other hand, a recent FAO document reports that 

world aquaculture production in 2022 reached a record of 
122.6 million tons, of which 54.4 million tons were cultivated 
in continental waters and 68.1 million tons in marine and 
coastal waters. This production had a value of the order of 
264.8 billion USD [15]. The same source reports that between 
2011 and 2020, in China, the aquaculture production in inland 
waters was around 35 million tons, followed by the other 
Asian countries with 16 million tons. Meanwhile, in the 
Americas, the aquaculture production in continental waters 
was of the order of 3 million tons. The same report claims that 
nearly 19.3 million people were employed in Asian countries, 
while in American countries the employments were of the 
order of 606 thousand jobs. The same document declared that 
a sustainable development of aquaculture must be maintained 
to meet the growing demand for aquatic food. [15]. In 
Mexico, the aquaculture production of tilapia in 2020 was 
close to 100 thousand of metric tons, with a value of 66.43 
million pesos (approximately 3.4 million US dollars). 
However, the Mexican government reported that this year, 
the total production of tilapia was 114.69 thousand of metric 
tons, ranking ninth as tilapia producer in the world [16]. 

Moreover, despite the impact caused by the COVID-19 
pandemic, world tilapia production reached around 6 million 
tons in 2020, with a light growth (3.3 percent) over the 
previous year. China and Indonesia were the greatest 
producers in the world with1.8 million tons and 900 thousand 
tons respectively in 2019 [15], [17]. 

Based on the above information and the use of aquatic 
plants in tilapia aquaculture, the objective of this work was to 
produce a feed, based on water hyacinth, as a tilapia food 
supplement, in order to reduce production costs and improve 
tilapia aquaculture, mainly in small scale hatcheries. 

 

II. MATERIAL AND METHODS 

70 tilapia juveniles between 5-7 g were obtained from a 
commercial hatchery and transported to the Experimental 
Center of the Technological University of Escuinapa, where 
they were distributed in 8 plastic ponds of 150 L, for a 
stocking density of 8 fishes per 1000 L. (8 fish/m3). The 
tilapia juveniles were feed two times per day with Purina® 
brand, a commercial feed composed basically of fish meal, 
corn meal, soybeans meal, wheat meal, rice bran, wheat bran, 
cassava, fish oil, calcium, phosphorus, vitamins, folic acid, 
and other minerals, at rate of 3-4 % their corporal weight, 
until the fishes reached 24 to 26 g of weight. The ponds water 
was constantly aired, by conventional (aquarium) air pumps, 
and filtered using biological filter, composed of small stones, 
synthetic sponge, and diffusing pipes. The water in the ponds 
was changed (around 75-80% total volume) once every 2 
weeks and the filters were cleaned every time that the water 
was changed. Once the tilapias reached the above-mentioned 
weight, the fish were divided into two groups: the 
experimental and the control groups. The experimental group 
consisted of 40 tilapias which were transferred to a 
rectangular plastic pond 2.8 m long × 1.6 m wide × 0.9 m 
deep with a total volume of approximately 4032 L, giving a 
stock density of 9.9 fish/m3; this pond was settled on the 
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ground and covered with a plastic mesh 1.2 mm of pore size 
(Fig. 2). The tilapias of the control group (15 tilapia) were 
distributed in five plastic ponds, 3 tilapias per pond of 300 L, 
to get a stocking density of 10 fishes/m3 (Fig. 3). The water 
from the large pond was pumped through a cylindrical filter, 
filled with porous stones, charcoal, gravel, and small pieces 
of plastic sponge; then the water passed through plastic tubes 
in H shape. In this way, the water drops spilled on the surface 
of pond water and the ponds were aerated without the need 
for another aeration system, such as a blower, paddle wheels, 
diffused air systems, etc. 

 

  
Fig. 2. The Tilapias of experimental group were transferred to 4032 L 

plastic ponds and feeding with water hyacinth supplemented food during 
the experimental time. 

 

  
Fig. 3. The Tilapia of control group were transferred to 300 L plastic ponds 

and feeding with commercial food Purina during all experimental time.  
 

 

A. Tilapia Feed Preparation Using Water Hyacinth 
At same time as the tilapias were obtained from the 

commercial hatchery, water hyacinth clumps were collected 
from a canal located near the hatchery; the roots were cut and 
then transported to the laboratory, where they were first 
exposed to the sun for 5-6 days until being partially 
dehydrated. Subsequently, the semi-dried water hyacinths 
were cut into small pieces and placed in a Quincy® model 
E22 laboratory oven at 65 °C for 12-14 h. for total 
dehydration. 

Once dried, the water hyacinth was homogenized using an 
Osterizer® blender. The homogenized water hyacinth was 
introduced into 1 L Erlenmeyer flasks; then, cane molasses 

was added at a proportion of 2 parts of molasses to 3 of water 
hyacinth and inoculated with 15 ml of (Lactobacillus 
acidophilus) 9 million CFU/ml, for be anaerobically 
fermented at 39 °C for 4-5 days, using an incubator Thermo 
Scientific® model 370. At end of the fermentation, the 
fermented water hyacinth was dehydrated in a Quincy® 
model E22 laboratory oven at 65 °C overnight and then the 
fermented water hyacinth was mixed with commercial feed 
Purina® and cornmeal at 30, 50 and 20 proportions, 
respectively. The mixture was ground again, poured into a 
stainless-steel pan, and manually homogenized, adding small 
amounts of distilled water, until a homogeneous mass was 
achieved. The obtained mass was left to rest for 8 to 12 
minutes and then extruded, using a manual mill to obtain 
pieces in the shape of small tubes. The small tubes were dried 
using the above referred oven at 65 oC overnight.  

B. Water Quality Parameters 
The water temperature, pH and dissolved oxygen were 

recorded one time per week during all experimental time in 
all ponds. These parameters were recorded using a mercury 
thermometer (range -20 to 110 °C) an Orion Star® model 
A121 pH meter, and a Hanna® portable dissolved oxygen 
meter model HI 98193, respectively. To determine the 
concentration of ammonia in the water samples, a standard 
solution of total ammonia was first prepared and its 
absorbance were measured using a Thermo-Scientific® 
Spectrophotometer, UV-Vis, Evolution model 600; then, a 
correlation equation of the standard concentration of 
ammonia Vs. absorbance, was performed; absorbance of the 
standard solution was compared with absorbance of the water 
samples; finally, the ammonia concentration in water samples 
was calculated according to the salicylate method proposed 
by [18]. 

C. Tilapia Growth Analysis 
To estimate the tilapia growth, several growth parameters 

were calculated such as Weight gain, Relative growth rate, 
Specific growth rate and Feed conversion ratio according to 
the following equations, proposed in [19]. 

  
Weight gain (g) = Final weight (Wf)- initial weight (Wi) 

 
Relative growth rate % = [(Wf-Wi)/ Wi] × 100 

 
Specific growth rate (%/day) = [(Ln Wf-Ln 

Wi)/experimental days] × 100 
 

Feed conversion ration = Dry food consumed/(Wf-Wi) 
 

D. Statistical Analysis 
All results are presented as mean ± standard deviation of 

the mean. Data were analyzed by One-Way Analysis of 
Variances (ANOVA) at a significant level of (P < 0.05) to 
know if there are significant differences between 
experimental group Vs the control group. The statistical 
analyses were made using the statistical software GraphPad 
Prism 5. 

E. Food Commercial vs. Feed Water Hyacinth Based Costs 
The cost of feed supplemented with water hyacinth was 
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compared with the cost of commercial feed for tilapia. This 
was done by adding the costs of the materials used to prepare 
the supplemented water hyacinth and comparing it to the 
commercial feed; this is presented in Table III. 

 

III. RESULTS AND DISCUSSION 
The results obtained from the water quality and tilapia 

growth parameters are summarized in Tables I and II, 
respectively. 

TABLE I: RESULTS OF WATER QUALITY PARAMETERS FROM SMALL AND LARGE POND DURING THE EXPERIMENTAL TIME (3 MONTHS) 

Sample 
Total Dissolved 

Solids (TDS) 
(mg/l) 

Mean of Total 
Ammonia 

(mg/l) 
Mean of Temp. 

°C 
Mean Hydrogen 

potential 
(pH) 

Mean of 
Dissolved Oxygen 

(mg/l) 
Mean Tilapia 

weight & SD(g) 

1a week       
Small Pond 1 940 0.2413 27.7 8.4 7.4 25.2 
Small Pond 2 828 0.2511 27.1 8.04 7.5 25.46 ± 1.71 

Small P3 724 0.1503 27.3 8.06 7.6 27.3 
3 Samples in 
Large Pond 788 mean of 3 0.2591 mean of 3 22.5 8.08 7.7 26.08 ± 2.01 

       
2a week       

Small Pond 4 910 0.2582 28.7 8.85 7.52 36.6 
Small Pond 5 886 0.2935 29.2 8.48 7.44 36.6 ± 1.25 
Small Pond 1 802 0.2091 29.1 8.28 7.57 35.3 
3 Samples in 
Large Pond 770 mean of 3 0.2823 mean of 3 28.4 8.26 7.65 39.9 ± 1.62 

       
3a week       

Small Pond 2 868 0.3512 28.4 8.82 7.23 47.7 
Small Pond 3 870 0.3455 29.5 8.3 7.34 45.8 ± 1.9 
Small Pond 4 858 0.3641 28.4 8.31 7.51 49.6 
3 Samples in 
Large Pond 1088 mean of 3 mean of 3 0.2623 28.3 8.32 7.68 54.9 ± 2.45 

       
4a week       

Small Pond 5 885 0.2881 28.5 8.87 7.31 64.7 
Small Pond 1 893 0.2169 29.7 8.19 7.24 66.5 ± 2.10 
Small Pond 2 830 0.2498 28.4 8.29 7.31 62.3 
3 Samples in 
Large Pond 884 mean of 3 mean of 3 0.2362 28.5 8.42 7.35 69.8 ± 2.35 

       
5a week       

Small Pond 3 985 0.2636 27.8 8.85 6.42 87.4 
Small Pond 4 993 0.2663 28.8 8.16 6.51 85.2 ± 2.2 

Small P5 930 0.2715 27.9 8.27 6.65 89.6 
3 Samples in 
Large Pond 984 mean of 3 mean of 3 0.2768 27.6 8.12 6.73 93.2 ± 3.1 

       
6a week       

Small Pond 1 954 0.2996 27.8 8.84 6.55 110.4 
Small Pond 2 920 0.2813 28.8 8.87 6.27 113.2 ± 2.85 
Small Pond 3 916 0.2703 27.9 8.05 6.17 116.1 
3 Samples in 
Large Pond 917 mean of 3 mean of 0.2625 27.8 8.05 6.28 128.8± 2.35 

7a week       
Small Pond 4 912 0.2906 27.2 8.35 5.91 139.3 
Small Pond 5 969 0.2982 28.6 8.68 5.78 142.1 ± 2.81 
Small Pond 1 944 0.2963 27.5 8.14 5.75 136.5 
3 Samples in 
Large Pond 931 mean of 3 mean of 3 0.2945 27.7 8.79 5.76 154.2 ± 2.15 

8a weekly       
Small Pond 2 907 0.3011 27.8 8.87 5.58 167.8 
Small Pond 3 988 0.3018 27.7 8.28 5.54 168.1 ± 3.70 
Small Pond 4 987 0.2984 28.1 8.16 5.56 171.9 
3 Samples in 
Large Pond 996 mean of 3 0.3018 28.2 8.07 5.56 181.6 ± 3.45 

9a Week       
Small Pond 5 970 0.3122 28.3 8.43 5.56 202.6 
Small Pond 1 983 0.3275 28.5 8.47 5.27 201.5 ± 1.46 
Small Pond 2 997 0.3175 28.4 8.21 5.34 199.7 
3 Samples in 
Large Pond 929 mean of 3 0.3207 28.1 8.14 5.22 217.3 ± 3.15 

10a Week       
Small Pond 3 1033 0.3293 29.2 8.92 5.09 234.5 
Small Pond 4 1038 0.3288 29.7 8.77 5.17 231.4 ± 2.34 
Small Pond 5 1089 0.3053 29.7 8.99 5.14 237.6 
3 Samples in 
Large Pond 1002 mean of 3 0.3249 29.8 8.91 5.12 249.2 ± 3.1 
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Sample 
Total Dissolved 

Solids (TDS) 
(mg/l) 

Mean of Total 
Ammonia 

(mg/l) 
Mean of Temp. 

°C 
Mean Hydrogen 

potential 
(pH) 

Mean of 
Dissolved Oxygen 

(mg/l) 
Mean Tilapia 

weight & SD(g) 
11a Week       

Small Pond 1 1019 0.3299 29.2 8.81 5.01 265.5 
Small Pond 2 1021 0.3287 29.1 8.91 5.17 263.4 ± 2.15 

Small P3 1197 0.3288 28.7 8.19 5.08 261.2 
3 Samples in 
Large Pond 1189 mean of 3 0.3251 28.8 8.71 5.02 278.1 ± 3.05 

12a Week       
Small Pond 4 1199 0.3301 29.8 8.82 4.85 293.4 
Small Pond 5 1192 0.3315 28.7 8.87 4.87 300.1 ± 4.84 
Small Pond 1 1198 0.3274 29.7 8.59 4.84 290.7 
3 Samples in 
Large Pond 1201 mean of 3 0.3315 29.1 8.93 4.72 308.7 ± 4.21 

 
As can be seen in Table I, the total dissolved solids and the 

total ammonia concentration oscillated between 4.72 and 
7.7 mg/l and between 0.1503 and 0.3315 mg/l, respectively. 
Also, the water temperature increased slightly in both the 
small and large ponds as the experiment progressed. This 
raise was normal because the ambient temperature increased 
during the months of experiment. The pH was maintained 
with small variations, while the dissolved oxygen decreased 
throughout the experimental time; this was basically due to 
the increase in water temperature and the increment of 
organic matter in water, since as the tilapias grew the amount 
of food supplied augmented, and consequently the amount of 
feces also increased. However, the values were within the 
recommended values in tilapia hatcheries [20]. Other authors 
report similar values in the tilapia culture; the reported ranges 
of the physicochemical parameters are: dissolved oxygen 
4.86-10.53 mg/l, temperature 24-26 °C, pH 6.1-8.3 and 
ammonia concentration 0.01- 0.75 mg/l [21]. Some authors 
claim that values out of following ranges can cause stress in 
the fishes: temperature 20-30 oC, dissolved oxygen 5, pH 6.5-
9, ammonia 0.025 to 0.35 mg/L [22]. However, other authors 
report that the ammonia concentration in the tilapia 
aquaculture ponds at semi-intensive level (5000 to 
10000 kg/ha) is from 0.1 to 0.5 mg/L [22], [23]. Based on 
this, the average weight of tilapia is 10000 kg/ha, or 
10000 kg/104 m3 (if the pond depth is 1 m), or 1 kg/m3 [24]. 
In this work the mean weight of the tilapia in the large pond 
is 128.8 g (in the 6a week) or 0.1288 Kg; therefore, the total 
weight of 40 fishes will be 5.152 kg in 4.032 m3 of water, or 
1.278 kg/m3; that means the kg of tilapia/m3 in this study is 
in same order of magnitude. Since the mean ammonia 
concentration in this work was around 0.2900 mg/L, it is 
similar to values reported by the referred authors (0.1 to 0.5 
mg/L). 
 

TABLE II: GROWTH PARAMETER OF TILAPIA IN CONTROL AND 
EXPERIMENTAL GROUPS FOR 3 MONTHS 

Initial weight (g) 25.46 ± 2.85 26.08 ± 2.01 
Final weight (g) 300.1 ± 4.84 308.7 ± 4.21 
Weight gain (g) 274.64 282.62 

Relative growth rate (%) 1078.711 1083.6656 
Specific growth rate (%/day) 2.74111 2.74579 

*Feed conversion ration 1.641 1.714 
* Since the amount of food supplied to tilapia was increasing as fishes 
increased in weight, it is not possible give a specific value; therefore, a mean 
value of food supplied such in control as in experimental group was used 
(i.e., an estimated value (7-9 g /10 tilapia in first month, 20-22 g /10 tilapia 
in second month, and 40-42 g /10 tilapia in the third month) from start, to 
end of experiment time). 
 

Regarding to tilapias growth, the values of growth 

parameters found indicate that the tilapias fed with the 
supplemented water hyacinth grew more than tilapia fed with 
commercial food, since all the growth parameter were higher 
in the experimental group than in control one, such as is 
shown in Table II, particularly the Weight gain, since tilapia 
fed with supplemented water hyacinth, gained 8.6 g more 
than tilapia fed with Purina® and the Feed conversion ratio. 

On the other hand, as can be seen in Table III, the cost for 
preparing 20 kg of feed based in water hyacinth is around 38 
US dollars, compared with 44.9 US dollars of a 20 kg bag of 
commercial food, Purina brand. This means that the cost of 
feed based in water hyacinth will be 6.9 US dollars lower than 
commercial food, or 15.37% less. This is important when the 
food cost of a tilapia hatchery at median scale with 1000 or 
2000 kg of fishes per ha is considered [24]. 

 
TABLE III: ESTIMATED COST TO PREPARE 20 KG OF SUPPLEMENTED 

WATER HYACINTH VS 20 KG OF COMMERCIAL FEED 
Compound price in 

US. 1 US~20 
Mexican pesos 

(MXN) 

20 Kg Water hyacinth 
Feed (dry basis) 

1 bag of 20 Kg of 
Commercial food 

have a cost of 40.9 
US 

Water hyacinth 
(WH) Collecting 

A trip in truck (7 L 
gasoline) ~ 7 US. to 
collect 100Kg (WH) 

A trip in truck (4 L. 
of gasoline)~4 US 

Molasses/Kg WH 
A pitcher of 30Kg/15US 
then 20 Kg/10US; then 
10 US x 0.66=6.6 US 

 

Lactobacillus spp. 

1 flask with 180 caps 
Lactobacillus~27US, 
then 1 capsules x109 

Lactobacillus each~0.15 
US; then 20 capsules=3 

US. 

 

Corn-meal 0.2Kg mealx20 Kg =4 
Kg=~1 US  

Cost in US per 20 
kg 

Total cost 20 Kg WH 
7+6.6+3+ =22 US + 16 
Kg of commercial food 
(32 US x 0.5) =16 US. 

Total 38 US 

Total=40.9+4 
US=44.9 US 

Values were estimated based on the Mexican market prices of each 
component plus trips to obtain them. 

 
In another work, the authors reported growth parameters 

and diet costs that are relatively similar to those found in the 
present work despite some differences in their procedures. 
They used cages instead of the traditional pond culture for 
tilapia culture and two brand diets named: Nicoluzzi and 
Raanan. Moreover, they did not use water hyacinth for feed 
preparation; Even with such differences, the values obtained 
in the current work were equivalent to the referred work [19] 
[25]. 
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As can be seen, successful tilapia aquaculture depends on 
several factors that influence the growth of fish, such as 
amount and quality of feed consumption [26], stocking 
density [27] and water chemistry, particularly the water 
temperature [20], ammonia concentration and dissolved 
oxygen [28]. Naturally there are other factors such fish sex 
and age [29] and genetic variance, which were not considered 
in this work.  

 

IV. CONCLUSION 
Based on the results obtained in this work, can be 

concluded that the objective was reached, i.e., we proved that 
water hyacinth can be used as food supplement in tilapia 
hatcheries, an aquatic plant without any use. In addition, we 
have shown how this plant, and perhaps other unused plants, 
could be used to improve tilapia farming and reduce feed 
production costs, particularly on a small and medium scale. 
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