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INTRODUCTION  

 

Increased public demand for seafood against decreasing natural resources has 

encouraged scientists to study how to improve aquatic food production, particularly fish. 

This makes aquaculture a growing field of research that aims to overcome the 

obstructions of good fish with high productivity. Natural and artificial supplementary fish 

feeding is crucial for fish production (Akter et al., 2024). Supplementary fish feeding 

represents about 40-50% of main fish farming expenses. However, research on the 

qualification and quantification of many food components, such as vitamins, is limited 

for many farmed fish species. Earlier studies by Halver (1989) and Craig and Helfrich 

(2002) certified the importance of vitamin B, particularly B9 (Folic acid), as a nutrient 
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The study investigated the effects of folic acid on the reproductive 

efficiency and health of the Nile tilapia, Oreochromis niloticus (Linnaeus, 

1758). The adult broodstock fish were fed commercial diets (36% crude 

protein) supplemented with different graded levels of folic acid (2.5, 5.0, 

and 7.5mg/ kg diet) in addition to the fourth control group of un-

supplemented feed. Fish were stocked in separate hapas widened in four 

concrete ponds over three months. It was found that folic acid increased the 

total blood protein, albumin, globulins, and estradiol levels but suppressed 

blood ALT and AST activities and urea and creatinine levels in the adult 

Nile tilapia. Dietary folic acid (Vitamin B9) also plays a crucial role in 

enhancing reproductive performance since higher nutritional levels of folic 

acid significantly improve the fertility of fish males and females. It 

positively affected fish gonads histology with notable improvements. 

Additionally, the present study demonstrated non-significant adverse effects 

on fish blood biochemical and aminotransferases at moderate levels of 

supplemented folic acid. The current study suggested folic acid safety and 

efficacy as a dietary additive for fish well-being and good reproductive 

performance. The results advocate further exploring dietary folic acid in fish 

farming practices to optimize growth and reproductive health. 
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element for all aquatic animals, including fish. Recent investigations have focused on the 

effects of vitamins on the well-being and health of fish by studying some biological, 

physiological, and histological parameters.  

Dietary folic acid is an indispensable micro-nutrient, despite its deficiency typical 

symptoms including anorexia, anemia, slow growth, and poor feed conversion (Kocabas 

& Gatlin, 1999). Folic acid (mono pteroylglutamic acid) is a synthetic molecule used as 

vitamin supplements in foods; its oxidized form is stated as a vitamin, so folate is the 

common name of all derivatives of the B-vitamins (Miao et al., 2013). It is a water-

soluble, odorless vitamin having the molecular formula C19H19N7O6 and a molecular 

weight of 441.4g/ mol and appears as orange-yellow needles or platelets (Guo, 2009). It 

functions as a one-carbon donor or acceptor in various reactions involved in amino acid 

and nucleotide metabolism (Miao et al., 2013). Folic acid is not stored in body tissues to 

meet the permanent requirement for a longer period, so a continuous source of these 

vitamins is necessary (Yeganeh Kari et al., 2022).  

Folic acid is essential for the growth, health, and metabolism of aquatic organisms 

in the aquaculture industry (Miao et al., 2013; Asaikkutti et al., 2016; Xu et al., 2024). 

It is important to metabolize amino acids and nucleotides in most aquatic animals, 

including fish (Halver & Hardy, 2002; Miao et al., 2013). The optimum level of dietary 

folic acid has been studied and recognized only for fingerlings and juveniles of many fish 

species, including the rainbow trout fries, Oncorhynchus mykiss (Cowey & 

Woodward, 1993; Firouz et al., 2013); the channel catfish, Ictalurus punctatus (Duncan 

et al., 1993); the hydride of Oreochromis niloticus and O. aureus (Shiau & 

Huang, 2001); grass carp, Ctenopharyngodon idella (Zhao et al., 2008; Shi et al., 2015); 

the blunt Nile tilapia, Oreochromis niloticus (Barros et al., 2009); the green catfish, 

Mystus nemurus (Hien & Doolgindachbaporn, 2011); the grouper, Epinephelus 

malabaricus (Lin et al., 2011); the snout bream, Megalobrama amblycephala (Sesay et 

al., 2016, 2017), the Nile tilapia, Oreochromis niloticus (Shalaby et al., 2019) and Catla, 

Catla catla (Khan & Khan 2020). However, it does not significantly influence animal 

survival (Miao et al., 2013). 

In addition, folic acid plays an important role in erythrogenesis (Lee et al., 2017; 

Jamalzad Falah et al., 2020) as well as in various metabolic, biochemical, and 

physiological processes that improve fish growth performance (Badran & Ali, 2021), 

respiratory rate (Kari et al., 2022), as well protecting fish from hypoxic stress (Kari et 

al., 2022). Otherwise, Jamalzad et al. (2020) showed that folic acid has a competitive 

binding mechanism to remove free radicals from living tissue and to maintain the fish's 

health status (Shi et al., 2022).  

In the present study, the importance of dietary folic acid (vitamin B9) on the 

reproductive performance of the adult Nile tilapia, Oreochromis niloticus (Linnaeus, 

1758) was investigated through a demonstration of the effect of different small folic acid 

https://onlinelibrary.wiley.com/doi/full/10.1111/anu.13061#anu13061-bib-0065
https://onlinelibrary.wiley.com/doi/full/10.1111/anu.13061#anu13061-bib-0023
https://onlinelibrary.wiley.com/doi/full/10.1111/anu.13061#anu13061-bib-0033
https://onlinelibrary.wiley.com/doi/full/10.1111/anu.13061#anu13061-bib-0045
https://onlinelibrary.wiley.com/doi/full/10.1111/anu.13061#anu13061-bib-0046
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levels on some physiological and biochemical blood parameters as well histological 

aspects of gonads (tastes and ovaries) closely related to the fish reproductive 

performance. In addition, since the liver plays an essential role in the metabolism of 

vitamins, liver status is used to indicate vitamin level in fish (Xiang et al., 2016).  

MATERIALS AND METHODS  

 

The experiment was performed in the central laboratory for aquaculture research, 

Abbassa in Abu-Hammad, Sharkia, Egypt). Two groups (males and females) of the Nile 

tilapia (Oreochromis niloticus) broodstock of individual weight 230±20g/ fish were 

obtained from the Center Laboratory of Aquaculture Research (CLAR). They were 

acclimated for two weeks prior to the experimentation in two concrete ponds (8m3 each) 

for males and females separately. Then after, the acclimated fish were stocked in hapas of 

(1×2×1m) with one male and one female each, widened in four concrete ponds with three 

hapas in each for each one of the three experimental treatments as the following:  

T1: fed on an un-supplemented commercial diet of 36% crude protein (control 

group).  

T2: fed on 2.5 mg folic acid/kg 36% crude protein feed.  

T3: fed on 5.0 mg folic acid/kg 36% crude protein feed. 

T4: fed on 7.5 mg folic acid/kg 36% crude protein feed. 

The experimental period lasted for three months, from March to June; fish in each 

group were fed twice daily with about 2% of fish weight, which decreased to about 0.3% 

of fish weight during spawning. In spite of this, one-third of the water in each pond was 

renewed daily with fresh water, and the other remains were continuously aerated with 

dissolved oxygen of about 5.5–6.5mg/ l while keeping the slandered water environmental 

variables at about 25.0–28.0°C, pH 7.2–8.2, and ammonia and nitrite ≤ 0.01mg/ l.  

After the three months of the experimental period, blood samples were collected 

from a caudal vein of each male and female with a hypodermic syringe. The extracted 

blood was stored in Eppendorf tubes containing EDTA, which was used as an 

anticoagulant. However, the fresh fish bodies were dissected to extract gonads for the 

histological investigations of the liver and gonads (testes and ovaries). 

The following parameters were estimated calorimetrically in blood serum: 

aminotransferases  (AST and ALT) (Reitman & Frankel, 1957), glucose and urea 

(Trinder, 1969), protein, creatinine (Henry, 1974), and albumin and globulins (Busher, 

1990).       

However, the histology of the liver and gonads was described using histological 

techniques of hematoxylin and eosin staining. The livers and gonads (testes and ovaries) 

http://www.ncbi.nlm.nih.gov/pubmed/?term=FRANKEL%20S%5BAuthor%5D&cauthor=true&cauthor_uid=13458125
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of the experimented fish immediately after fish dissection were removed, and a suitable 

portion of each was fixed in a neutral 4% formaldehyde solution overnight and 

subsequently transferred to 70% ethanol. Afterward, they were dehydrated in graded 

ethanol solutions, and then embedded in paraffin wax. Cross-sections of 4–6µm thick 

were made in a rotary microtome, stained with hematoxylin and eosin, and mounted on 

glass slides for light microscopy scrutiny (Suvarna et al., 2012; Bancroft & Layton, 

2019). The sections were analyzed and photo-documented by using an Olympus BX50 

microscope. 

Statistical analysis 

All the results were subjected to the one-way method for analysis of variance 

(ANOVA). Duncan's multiple range test (Duncan, 1955) evaluated the mean differences 

between groups at 0.05 significant levels. 

  

RESULTS  

 

The experimented Oreochromis niloticus showed the following effect of adding 

folic acid to its diet on the blood biochemical constituents.  

 

Biochemical blood constituents 

The total plasma proteins fluctuated in values among the four groups with the 

addition of folic acid. T2 and T4 showed insignificant decreases. The same fluctuation 

occurred with albumin, which was insignificant. Globulins showed the same trend, the 

slightly insignificant one, and also the albumin/globulins ratio, as shown in Table (1) 

Table 1. Total protein, albumin, globulin, and albumin/globulin ratio in blood serum of 

the Nile tilapia after the experimental period 

Treatment 

 (mg folic/kg 

feed) 

Protein 

g/dl 

Albumin 

g/dl 

Globulins 

g/dl 

Albumin 

/Globulins 

 ratio 

 (T1) control 3.4489±0.745 1.0071±0.13514 2.1084±0.44683 0.5947±0.14893 

 (T2) 2.5mg 3.3139±0.4221 0.9701±0.05818 2.201±0.36543 0.5218±0.08584 

(T3) 5.0mg 3.6300±0.57309 1.2924±0.15578 2.3376±0.5319 0.6594±0.12743 

(T4) 7.5mg 3.2444±0.82382 0.9317±0.01528 2.3127±0.81037 0.5834±0.26681 

P-value 0.976 0.168 0.986 0.898 

Means having different letters in the same column for the same parameter are significant (P< 0.05). 

 

Furthermore, data in Table (2) show insignificant changes in all treatment including 

blood glucose, and urea. However, creatinine showed high significant differences (P< 

0.05) marked with different superscripts, as it increased significantly in T2 (0.6565 ± 
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0.07326 b) in comparison with T1 (0.3953 ± 0.03502 mg/dl). It decreased significantly in 

T3 (0.0605 ± 0.00774 mg/dl) and increased significantly in T4 (0.9945 ± 0.06302 mg/dl). 

Table 2. Glucose, urea, and creatinine in blood serum of the Nile tilapia after 

experimentation 

Means having different letters in the same column for the same parameter are significant (P< 0.05). 

 

Data in Table (3) show the effects of dietary folic acid on aminotransferases aspartate 

transaminase (AST) and alanine aminotransferase ( ALT) in the plasma of the Nile 

tilapia, whereas AST increased insignificantly, ALT value showed a significant decrease 

in T2, T3, and T4 (27.8262±3.36923, 26.8299±2.6553, and 20.2861±3.34133iμ/ l, 

respectively) compared to the control T1 fish group of un-supplemented diet (40.7893 ± 

6.14908iμ/ l). The significance was lost when the ratio AST/ALT was measured as the 

value increased insignificantly.  

Table 3. Blood aminotransferases (AST & ALT) of Nile tilapia after the experimental 

period 

Means different letters in the same column for the same parameter are significant (P< 0.05). 

 

The level of plasma sex hormones (estradiol and testosterone) in the Nile tilapia is 

shown in Table (4). Estradiol had insignificant variations with the different levels of 

dietary folic acid, which is marked with different given superscripts. However, in the case 

of testosterone, the differences were also significantly varied, as marked by the given 

superscripts; the value increased from 4.6567 ± 0.18774ng/ml in T1 (control group) to 

5.2733 ± 0.17638ng/ml in fish of T2 but then continued to decrease in T3 and T4 (1.95 ± 

0.10693 and 1.87 ± 0.18193ng/ ml, respectively (Table 4). 

 

Treatment 

(mg folic/kg feed) 

Glucose  

mg/dl 

Urea 

mg/dl 

Creatinine 

mg/dl 

(T1) Control 35.0193±2.17093 195.1307±65.73455 0.3953±0.03502 c 

(T2) 2.5mg 34.5300±3.31300 170.2241±39.97288 0.6565±0.07326 b 

(T3) 5.0mg 33.3163±0.91138 110.1438±21.73999 0.0605±0.00774 d 

(T4) 7.5mg 36.6667±1.12918 110.1961±23.86552 0.9945±0.06302 a 

P-value 0.878 0.508 0 (P < 0.05) 

Treatment 

(mg folic/kg feed) 

AST  

iμ/l 

ALT  

iμ/l 

AST/ALT 

 (T1) control 39.2123±20.22313 40.7893±6.14908 a 6.0672±2.97958 

 (T2) 2.5mg 48.2509±18.05581 27.8262±3.36923 ab 13.5549±11.06223 

(T3) 5.0mg 23.2102±4.14913 26.8299±2.6553 ab 1.4421±0.34681 

(T4) 7.5mg 44.7343±13.0271 20.2861±3.34133 b 0.4845±0.05987 

P-value 0.702 0.04 0.577 
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Table 4. Estradiol and testosterone levels in blood serum of the Nile tilapia after the 

experimental period 

Treatment  

(mg folic/kg feed) 

Blood serumestradiol  

(ng/ml) in females 

Blood serum testosterone 

(ng/ml) in males 

(T1) control 2182.667±175.1955 ab 4.6567±0.18774 b 

(T2) 2.5mg 2099.333±51.3333 b 5.2733±0.17638 a 

(T3) 5.0mg 2706.667±54.8736 ab 1.95± 0.10693 c 

(T4) 7.5mg 2888.667±410.3805 a 1.87±0.18193 c 

P-value 0.099 0 (P < 0.05) 

Means that having different letters in the same column for the same parameter are significant (P< 0.05). 

Histological observations 

Examining the histological sections of Nile tilapia’s liver with a light microscope 

(Fig. 1) made it look healthy; folic acid had no notable effect on liver construction. 

Hepatic parenchyma exhibiting regular polyhedral hepatocytes (Hc) with central normal 

spherical nuclei. They form cord-like structures with many hepatic sinusoids (HS) in-

between, which are dilated out in a larger blood hepatic vein (HV), in addition to 

spreading the hepatopancreatic acini (HA). There are no differences in liver tissue 

structure between the control normal fish group (T1) of the un-supplemented diet and 

those fed folic acid added to their feed ration, which means that the livers of these later 

treated fish are healthy and not disordered. 

However, histological sections of Nile tilapia’s ovaries fed on commercial feed 

with micro addition of folic acid showed some changes compared with the control un-

supplemented ones. The number of intact vitellogenic oocytes increased with the increase 

of folic acid concentration, to the degree of their crowding, particularly in females of the 

group (T3) fed on 5.0mg folic acid/Kg feed. The number of atrophied ova appeared more 

in the control un-supplemented group than in the other groups, indicating an increase in 

the ovulation rate in females fed supplementary dietary folic acid (Fig. 2). 

Likewise, histological sections of the male Nile tilapia’s testis fed supplementary 

dietary folic acid prior to spawning also showed some histological changes. The normal 

intact structure of seminiferous tubules, spermatocytes, spermatids, and sperms appeared 

in all experimented fish groups. The dilation of seminiferous lobules (SL) embracing 

intact spermatozoa (Sz) at the expense of the in-between interstitial tissue (ICT) is 

apparent in all males fed with dietary folic acid, particularly in fish of (T3) fed with 

5.0mg folic acid /kg feed (Fig. 3).  
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Fig. 1. Histological section in the liver of the Nile tilapia ; (T1) - Control group, (T2) – folic 

acid 2.5 mg/kg feed, (T3) - folic acid 5.0mg/ kg feed, (T4) - folic acid 7.5mg/ kg feed; hepatic 

sinusoid (HS), hepatocyte (Hc), hepatic vein (HV), hepatopancreatic acini (PA), red blood 

cell (RBCs), Nuclei (N) 

  

  

Fig. 2. Histological section in the ovary of the Nile tilapia ; (T1) - Control group, (T2) – folic 

acid 2.5 mg/kg feed, (T3) - folic acid 5.0 mg/kg feed, (T4) - folic acid 7.5 mg/kg feed; stromal 

supporting tissue (St) yolk granules (YG), vitellogenic oocyte (VO), pre-vitellogenic oocyte 

(PvO), atrophied oocyte (AO) 
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Fig. 3. Histological section in the testis of the Nile tilapia ; (T1) - Control group, (T2) – 

folic acid 2.5 mg/kg feed, (T3) - folic acid 5.0 mg/kg feed, (T4) - folic acid 7.5 mg/kg 

feed; primary spermatogonia (PSg), seminiferous lobules (SL), spermatozoa (Sz), 

interstitial connective tissue (ICT), Leydig cells (LC) 

 

DISCUSSION 

 

Folic acid (mono pteroylglutamic acid) is a synthetic molecule used as vitamin 

supplements in foods; its oxidized form is stated as a vitamin, so folate is the common 

name of all derivatives of the B vitamins. It functions as a one-carbon donor or acceptor 

in various reactions involved in amino acid and nucleotide metabolism (Miao et al., 

2013).  

Folic acid is an essential micronutrient for aquatic and terrestrial animals. Duncan 

et al. (1993) summarized the symptoms of folic acid deficiency as a reduction in growth 

and megaloblastic anemia characterized by pale livers, spleens, and kidneys and 

inappetence as well as the attenuated immune system and reduced resistance to diseases 

(Tasbozan & Erbas, 2023). Consequently, retardation of growth and abnormal 

hematopoiesis in rainbow trout and the Nile tilapia (Cowey & Woodward, 1993; Lim & 

Klesius, 2001), respectively. Some fish species need dietary folic acid for normal growth 

and hematopoiesis (Lin et al., 2011). Choi and Kim (2005) proved that the 

hematopoietic activity of fishes results from the synergic effect of many essential 

vitamins such as K, E, and D, as well as B12, B6, and B9 (folic acid).  

Despite this, a plurality of previous studies have focused on the effect of folic acid 

on physiological and biochemical growth measurements, which are used as biomarkers 
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for animal health status. Many of these studies manifest the effect of folic acid as a 

growth promotor of fish, particularly on fingerlings and juveniles (Shiau & Huang, 

2001; Barros et al., 2009; Sesay et al., 2016; Essay et al., 2017; Shalaby et al., 2019; 

Khan & Khan, 2020; Yeganeh Kari et al., 2022). Furthermore, folic acid may enhance 

nutrient bioavailability for aquatic animals and regulate glucose metabolism to improve 

their growth performance (Xu et al., 2024). However, very few studies have been 

conducted on the effects of folic acid on fish reproductive performance.  

Therefore, in the present study, some biochemical blood measurements such as 

blood total protein, albumin and globulins and aminotransferases (ALT, AST), urea, and 

creatinine, as well as sex hormones estradiol and testosterone of the adult Nile tilapia, 

Oreochromis niloticus, broodstock have been investigated in four experimental adult fish 

groups including control group of un-supplemented diet and the three treated fish groups 

with 2.5, 5.0 and 7.5mg folic acid/kg 30% crude protein commercial feed.  

According to the results, some physiological and biochemical parameters were 

elevated in the fish fed with dietary folic acid compared to the control fish. Folic acid 

suppressed the urea, ALT, and AST liver enzymes as its amount increased in fish fodder. 

However, estradiol was lowered in T2 compared to control T1 after increasing in T3 and 

T4, and on the contrary, testosterone increased in T2 after decreasing in T3 and T4 

simultaneously. The lowering level of both liver aminotransferases compared with those 

of the control fish group designates that folic acid did not hurt the liver of the 

experimented fish but, on the contrary, ameliorated liver status. Since ALT and AST are 

aggregated in the cytosol of hepatocytes, they are ordinarily measurable in the serum at 

low concentrations (Knell, 1980). However, any disadvantage may lead to a loss of 

hepatocyte membrane integrity or necrosis, releasing these enzymes into the bloodstream, 

where their concentrations elevate (Senior, 2012; Oh et al., 2017). Living animals, 

including fish with elevated blood aminotransferases, will have severe liver disorders 

(Ioannou et al., 2006). ALT (alanine aminotransferase) and AST (aspartate 

aminotransferase) are liver enzymes. The first one helps in converting protein into energy 

(Qian et al., 2015), but AST helps break down amino acids (Ndrepepa, 2021). 

Otherwise, the total blood protein, even its two main constituents, albumin and 

globulins, showed its highest levels in T3 of 5mg folic acid, demonstrating the lowest 

blood glucose. Miao et al. (2013) showed that dietary folic acid improves cell membrane 

function and mediates and regulates blood glucose.  

Dietary folic acid also provoked obvious histological alterations in the gonads of 

the studied adult Nile tilapia. The liver appeared healthy in all treated fish. Therefore, 

folic acid does not have a notable effect on liver building. Hepatic parenchyma has 

regular polyhedral intact hepatocytes with many hepatic sinusoids in-between 

aggregating in small hepatic venules and large hepatic veins. The liver of fish fed with 

supplementary folic acid also showed hepatopancreatic acini, acquainted in all teleosts 

(Nejedli and Gajger, 2013; Abdelrhman et al., 2022; Abusrer & Shtewi, 2023). 
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The liver is involved in the metabolism of all nutrients, even vitamins. Furthermore, 

it plays a principal role in removing toxins from the blood (Hou et al., 2020). It has been 

well established by Rinchard and Kestemont (2003) that, dramatic changes occur in the 

liver of fish related to the gonadal maturation and vitellogenesis. Since vitellogenesis 

requires considerable metabolic energy (Jalabert, 2005; Ladisa et al., 2021), helping in 

the production of many mature eggs filled with lipoprotein yolk. Metabolism 

accompanies seasonal variation in the reproductive cycle to sustain energy-demanding 

gonadal development (Ladisa et al., 2022).  

The manufactured vitellogenin in the liver is motivated by estradiol, which is 

significantly increased with the upgrading of supplementary folic acid in the present Nile 

tilapia. This vitellogenin is transported through the bloodstream to the ovaries to be 

processed into yolk proteins in the oocytes (Reading & Sullivan, 2011; Mcbride et al., 

2015).  

Both gonads (ovary and testis) of the Nile tilapia fed dietary folic acid exposed 

some histological alterations that differed with the different acid doses. These alterations 

were evaluated by the degree of tissue change based on the lesion's severity (Araujo et 

al., 2019). The Nile tilapia’s ovaries fed supplementary folic acid revealed that the intact 

vitellogenic oocyte increased with increasing folic acid concentration, particularly in 

females of the T3 group fed on a 5.0mg folic acid/Kg diet. On the contrary, the atrophied 

ova appeared more in the control group than in the other groups, even those fed a 2.5mg 

folic acid/Kg diet. This indicates that the fish’s ovulation rate intensified with 

supplementary folic acid.  

  Similarly, the tilapia’s testis fed dietary folic acid also showed normal intact 

histological assembly. The seminiferous tubules and all developmental stages of sperms 

appeared in all experimented fish groups, particularly in fish fed with 5.0mg folic 

acid/kg. It also showed a significant positive increase with folic acid in double amounts. 

Steroid hormone production decreased in response to vitamin E supplementation 

(Mondul et al., 2011). Therefore, this vitamin has an irreplaceable role in promoting the 

ovary development of aquatic animals, including fishes, since it increases yolk granules 

in the oocytes (Zhang et al., 2007). Similarly, Emata et al. (2000) stated that in 

milkfish (Chanos chanos), supplementary Vitamin E improves the laying egg and its 

hatching since it ameliorates egg hatchability (Miao et al., 2013). 

Vitamin E increases reproductive performance and promotes reproduction of the 

Nile tilapia (Zhang et al., 2021). Similarly, vitamin B9 (folic acid) of the present study 

enhanced egg maturation and yok granules in the ovum’s cytoplasm leading to the rising 

reproductive performance of tilapia. Furthermore, Izquierdo et al. (2001) and Naiel et al. 

(2023) declared that improvement of broodstock nutrition with supplementary items has 

been shown to greatly improve not only egg and sperm quality but also seed production, 

i.e., the reproductive performance of many cultured fish species. Vitamin E can also 

protect the sperm of the giant tiger prawn, Penaeus monodon, from oxidation and 
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increase its survival (Liu et al., 2018). Amplification of folic acid levels in fodder of East 

Asian river prawn, Macrobrachium nipponense, significantly increases female and male 

fecundity and improves offspring survival (Jiang et al., 2023). Folic acid deficiency may 

result in impairing fish gill health status (Shi et al., 2015) as well as mitigating disorders 

(anorexia) and megaloblastic anemia (Sesay et al., 2017; Mohamed & Badran, 2021).  

 

CONCLUSION 

 

Dietary folic acid is an indispensable micro-nutrient in aquatic animals. It has 

many positive effects on metabolism and growth parameters. Furthermore, it is beneficial 

for the adequacy of fish' reproductive performance of the Nile tilapia broodstock. 

Therefore, we recommend adding folic acid as a nutritional supplement to broodstock 

before hatching in fish hatcheries. 

Ethical approval  

 

Applying all required measures, reviewed and approved by the ZU-IACUC 

Committee following the U.K. Animals (Scientific Procedures) Act, 1986 and associated 

guidelines, EU Directive 2010/63/EU for animal experiments, the National Research 

Council's Guide for the Care and Use of Laboratory Animals (NIH Publications No. 

8023, revised 1978) and in compliance with the ARRIVE guidelines. With Approval 

number : ZU-IACUC/1/F/9/2025 
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