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Abstract

A 60-day indoor feeding trial was conducted to evaluate the effects of dietary butyric acid (BA)
supplementation on growth performance, survival, feed utilization, digestive enzyme activities, haematological
responses, and whole-body composition of Genetically Improved Farmed Tilapia (GIFT). Four isonitrogenous diets
containing 28% crude protein were formulated with graded levels of BA at 0 (control), 0.5, 1.0, and 1.5 g / kg diet.
Each diet was randomly assigned to triplicate groups of 30 fish per tank, and fish were fed twice daily at 09:00 and
17:00 hours. Results showed that fish fed the diet supplemented with 1.0 g BA exhibited significantly improved growth
performance and feed utilization compared to the control and other treatment groups. Higher amylase and protease
activities were observed in fish fed 1.0 g BA, while lipase activity was highest in fish fed 1.5 g BA. Haematological
parameters, including haemoglobin concentration, red blood cell (RBC) count, and haematocrit values, were
significantly increased (P<0.05) in fish fed the 1.0 g BA diet. However, dietary supplementation of BA had no
significant effect (P>0.05) on the whole-body proximate composition of GIFT. Overall, the study concludes that
dietary supplementation with BA at 1.0 g / kg diet can effectively enhance the growth performance, digestive
efficiency, and immune health of GIFT without altering body composition.

Keywords: Tilapia, Butyric Acid, Growth Performance, Body Composition, Digestive Enzymes, Haematology.

581


mailto:dinesh@tnfu.ac.in

Manimaran et al., 2026/ J. Livestock Sci. 17: 581-588

Introduction

Tilapia is one of the most important aquaculture species, farmed in over 120 countries worldwide. Global
aquaculture production reached a record 103 million tonnes in 2024, with aquaculture now contributing more than
53% of total aquatic animal production (FAO, 2026). Nile tilapia (Oreochromis niloticus) is known for its tolerance
to a wide range of climatic conditions; however, its culture is challenged by poor genetic management and inbreeding
issues (Perazza et al., 2025). To address these limitations, the Genetically Improved Farmed Tilapia (GIFT) strain was
developed through selective breeding by the WorldFish Centre, Malaysia (WorldFish, 2023). GIFT, an enhanced strain
of Nile tilapia, offers substantial advantages in yield and nutritional value, with genomic tools now being applied to
accelerate further genetic gains in growth, disease resistance, and environmental tolerance (Ponzoni et al., 2011). In
India, GIFT tilapia was evaluated at the ICAR-Central Institute of Freshwater Aquaculture (CIFA) between 1998 and
2000, demonstrating production levels of 5—6 MT per crop over a 4—6-month culture period and superior growth over
Indian major carps under polyculture conditions (Arumugam et al.,2023). Following the establishment of the GIFT
Satellite Breeding Program by the Rajiv Gandhi Centre for Aquaculture (RGCA), under the Marine Products Export
Development Authority (MPEDA), in collaboration with WorldFish, GIFT dissemination has expanded considerably,
with over 10 million mono-sex GIFT juveniles produced and distributed to more than 1,600 licensed farmers across
India by 2020 (Gaikwad, 2021). The Government of India, through the Pradhan Mantri Matsya Sampada Yojana
(PMMSY), aims to scale national tilapia production to 2.4 million metric tonnes by 2030, positioning GIFT as a key
candidate species for diversifying freshwater aquaculture (Gaikwad, 2021). Despite these improvements, intensive
GIFT farming remains vulnerable to disease outbreaks (Machimbirike et al., 2019). Traditionally, the aquaculture
industry has relied heavily on chemical disinfectants and antibiotics to control aquatic diseases. However, the
excessive use of these substances has raised significant concerns, including environmental contamination,
accumulation of toxic residues in fish tissue, and the promotion of antibiotic-resistant bacteria that pose threats to both
aquatic ecosystems and human health (Romero et al., 2012; Hoseinifar et al., 2017; Dawood and Koshio, 2020). These
challenges underscore the urgent need for environmentally safe alternatives to enhance fish immunity against
pathogens without the adverse effects associated with antibiotics (Dawood et al., 2016; Wang et al., 2017).

Among the various alternatives explored, organic acids, particularly short-chain fatty acids (SCFAs), have
shown promise in improving fish health (Ahmed and Sadek, 2015; Omosowone et al., 2018; Aalamifar et al., 2020;
Osepchuk et al., 2021). Butyric acid (BA), a SCFA produced through carbohydrate fermentation by anaerobic gut
bacteria, has received increasing attention due to its beneficial effects on gut health (Bedford and Gong, 2018). Studies
in tilapia suggest that fish intestinal microbiota are capable of fermenting carbohydrates to release SCFAs, including
BA, which may help protect fish from pathogenic bacteria (Ghazali et al., 2025). In particular, Youssuf et al. (2025)
demonstrated that dietary supplementation with BA improved growth and immune responses in Nile tilapia. However,
the application of BA as an alternative to antibiotics in GIFT farming remains unexplored. Given that the GIFT strain
exhibits superior feed utilization, enzyme activity, and growth performance, it is hypothesized that GIFT may also
exhibit a stronger immune response to BA supplementation compared to conventional Nile tilapia. Therefore, the
present study aims to evaluate the effects of a BA incorporated diet on the growth performance, immune response,
and health status of GIFT.

Materials and methods
Experimental fish and feeding trial

A total of 500 healthy and uniform-sized fry of GIFT, with an average weight of 0.055 £+ 0.024 g and average
length of 2.03 £ 0.21 cm, were procured from the Government Fish Seed Farm, Krishnagiri, Tamil Nadu, India. The
fry were transported to the Advanced Research Farm Facility, Madhavaram, Tamil Nadu, India (13.1549255°N,
80.2463273°E), where they were acclimatized and conditioned for 30 days. The study was conducted from January to
March, corresponding to the winter season in the region. During this period, the fish were fed a commercial diet
containing 28% crude protein. After acclimatization, 360 fish with an initial mean body weight of 2.0 + 0.3 g were
randomly distributed into 12 FRP tanks (500 L capacity), with 30 fish per tank and three replicates per dietary
treatment, following the method described by Prabu et al. (2020). The feeding trial lasted for 60 days, during which
fish were fed to apparent satiation twice daily at 09:00 and 17:00 hours. Daily water exchange was maintained at a
rate of 10% in each tank, and continuous aeration was provided using a Hailea high-flow diaphragm air pump. Water
quality parameters were monitored daily, and the average values recorded during the trial were: temperature 27 & 1°C,
pH 8.5 + 0.6, dissolved oxygen 5 + 0.4 mg/L, and ammonia-N 0.03 + 0.01 mg/L.
Experimental diets

Dietary ingredients were finely ground and thoroughly mixed using a vertical ingredient mixer (Jinan
Sunpring Machinery Co. Ltd, China). The mixed feed was then extruded at a temperature range of 80 to 120°C to
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produce 1.5 mm floating pellets using a twin-screw extruder, following the method of Prabu et al. (2020). In total,
four experimental diets were formulated for the study. This included one control diet without BA and three treatment
diets supplemented with graded levels of BA at 0.5, 1.0, and 1.5 g / kg diet, designated as BA 0.5, BA 1.0, and BA
1.5, respectively (Table 1). The BA used in the diets was a commercially available product procured from HiMedia,
Mumbeai, India. All prepared experimental diets were stored in airtight plastic containers and maintained at room
temperature.
Growth performance and feed utilization

At the end of the feeding trial, all fish were individually counted and weighed to evaluate growth performance
and feed utilization parameters. The following metrics were calculated: weight gain, feed conversion ratio (FCR), feed
efficiency ratio (FER), average daily gain (ADG), specific growth rate (SGR), protein efficiency ratio (PER), and
survival rate.
The growth parameters were calculated using the following formulas (Sathishkumar et al., 2021):
Weight gain (g) = Final weight — Initial weight
Feed Conversion Ratio (FCR) = Dry feed fed (g) / weight gain (g)
Feed Efficiency Ratio (FER) = 1/ FCR
Average daily gain (ADG) (g) = Final weight (g) — Initial weight (g) / Experimental duration
Specific Growth Rate (SGR) (% day™') = Ln Final weight (g) — Ln Initial weight (g) / Experimental duration x 100
Protein Efficiency Ratio (PER) = Body weight gain (g) / protein intake (g)
Survival (%) = Total number of fish survived / Total number of fish stocked x100
Digestive enzyme study

Intestinal samples from the fish were homogenized following the procedure described by Gisbert et al. (2016)
and stored at —21°C until further analysis. Amylase activity was measured using the method of Bernfeld (1955), and
protease activity was determined according to Kunitz (1947), both using a spectrophotometer (Systronics 106) at
wavelengths of 560 nm and 280 nm, respectively. Lipase activity was assessed following the method of Cherry and
Crandall (1932).
Haematological assay

At the end of the 60-day feeding trial, blood samples (approximately 1 mL) were collected from the caudal
vein of four randomly selected fish per treatment group after a 24-hour fasting period. The red blood cell (RBC) count
was determined using a Neubauer hemocytometer. Haemoglobin (Hb) concentration was measured using the
Cyanmethemoglobin method (Drabkin, 1946), while haematocrit (Ht) was determined by the microhematocrit method
(Nelson and Morris, 1989). Erythrocyte indices, including mean corpuscular volume (MCV), mean corpuscular
haemoglobin (MCH), and mean corpuscular haemoglobin concentration (MCHC), were calculated according to
Wintrobe (1934) using the following formulas:
MCV (fl) = (Htx10) / erythrocytes
MCH (pg) = (Hbx10) / erythrocytes
MCHC (g/dl) = (Hbx100) / Ht

Table 1. Formulation and proximate composition of the experimental diets (kg diet)

Ingredients Control BA 0.5 g/kg BA 1.0 g/kg BA 1.5 g/kg
Fish meal 80 80 80 80
Soybean meal 100 100 100 100
Corn gluten meal 150 150 150 150
Corn flour 180 180 180 180
Wheat flour 100 100 100 100
Rice bran (Defatted) 388 387.5 387 386.5
Vitamin premix® 1 1 1 1
Mineral premix” 1 1 1 1
Butyric acid 0 0.5 1 1.5
Proximate composition (% dry weight)

Moisture 8.6 8.8 8.7 8.8
Crude protein 27.79 27.48 27.81 27.61
Crude lipid 5.75 5.6 59 5.8
Crude fibre 2.78 2.6 2.41 2.52
Ash 8.78 8.56 8.5 8.8

* Composition of vitamin premix (quantity per kg): Vit. A — 1, 00, 00,000 IU, Vit. B1-5,000 mg, Vit. B2 — 5,000 mg, Vit. B3- 6,000 mg, Vit. B5 —
6,000 mg, Vit. B6 — 6,000 mg, Vit. C — 60,000 mg, Vit. D3 —20,00,000 IU, Vit. E — 10,000 EU, Vit. H— 200 mg. ®* Composition of mineral premix
(quantity per kg): Magnesium — 2,800 mg, lodine — 7.4 mg, Iron — 7,400 mg, Copper — 1,200 mg, Manganese — 11,600 mg, Zinc — 9,800 mg,
Chlorides Cobalt — 4 mg, Potassium — 100 mg, Selenium — 4 mg, Calcium Carbonate —27.25%, Phosphorous — 7.45 mg, Sulphur — 0.7 mg, Sodium
— 6 mg, Calpan — 200 mg, Aluminium — 1,500 mg and Choline Chloride — 10,000 mg
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Whole-Body Proximate Composition Analysis

The whole-body proximate composition of experimental fish was analysed at the end of the 60-day feeding
trial following standard procedures outlined by the Association of Official Analytical Chemists (AOAC, 2010). Crude
protein content was determined using the Kjeldahl method (Kjeltron, Tulin Equipments), crude lipid by the Soxhlet
extraction method (SoxTRON SOX-2, Tulin Equipments), and crude fibre by an analytical method (FibroTRON FRB-
2, Tulin Equipments). Moisture content was measured using a hot air oven, and ash content was determined using a
muffle furnace.
Statistical analysis

All data were expressed as mean + standard deviation (SD) of three replicates. Prior to statistical analysis,
percentage data were subjected to arcsine transformation to meet the assumptions of normality. One-way analysis of
variance (ANOVA) was performed to determine significant differences among the four dietary treatment groups,
followed by Duncan’s multiple range test at a significance level of P<0.05. Statistical analyses were conducted using
SPSS version 26.0 for Windows (SPSS Inc., Chicago, IL, USA).

Results and Discussion
Growth performance and nutrient utilization

In the present study, GIFT fed with the BA 1.0 diet exhibited significantly (p<0.05) higher final weight,
weight gain, ADG, SGR, and FER compared to those fed the control and BA 0.5 diets, but not significantly different
from the BA 1.5 group (Table 2). Notably, the FCR was significantly (p<0.05) lower in the BA 1.0 group than in the
control and BA 0.5 groups, indicating better feed utilization. However, no significant difference (p>0.05) was
observed in FCR between the BA 1.0 and BA 1.5 diets. These findings align with those of Youssuf et al. (2025), who
reported improved weight gain and a better FCR (2.83) in Nile tilapia fed a diet fortified with 0.3 g BA / kg diet.
However, the current results differ from those of Omosowone et al. (2018), where a 1.5 g BA / kg diet resulted in the
highest growth in Nile tilapia. In contrast, our study found that a lower level (1.0 g BA / kg diet) led to the best growth
in GIFT, suggesting that GIFT may utilize feed more efficiently and exhibit higher growth potential than conventional
Nile tilapia. The PER was significantly (p<0.05) higher in fish fed the BA 1.0 diet compared to the control and BA
0.5 groups. This result is supported by Zhou et al. (2019), who observed improved PER in golden pompano fed a diet
containing 2 g sodium butyrate/kg diet. Interestingly, the present study showed even higher PER values, potentially
due to better palatability and attractiveness of BA compared to sodium butyrate, as previously reported by Abdel-Latif
et al. (2020). Survival rates did not differ significantly (p>0.05) among treatments (Table 2). Overall, the present study
demonstrates that dietary inclusion of 1.0 g BA / kg diet significantly improves growth performance, feed efficiency,
and protein utilization in GIFT. Similar growth-promoting effects of BA have been documented in various aquatic
species, including Clarias gariepinus, Macrobrachium rosenbergii, Sparus aurata, Carassius auratus, Cyprinus
carpio, Ctenopharyngodon idella, Lates calcarifer, and Oreochromis niloticus (Robles et al., 2013; Sun et al., 2013;
Liu et al., 2014; Liu et al., 2017; Aalamifar et al., 2020; Youssuf et al., 2025).
Digestive enzyme activities

Digestive enzyme activities of GIFT fed with varying levels of BA are presented in Table 3. Amylase and
protease activities were significantly higher (p<0.05) in fish fed the BA 1.0 diet than in the control and other treatment
groups, consistent with reports of increased amylase and protease activity in golden pompano fed 2 g sodium
butyrate/kg diet (0.613 U/mg and 16.6 U/mg, respectively; Zhou et al., 2019) and enhanced protease activity in seabass
fed 5 g BA/kg diet (Aalamifar et al., 2020). Lipase activity increased with higher dietary BA levels, with the BA 1.5
group showing significantly higher activity than the control, though it did not differ significantly from the BA 1.0
group. Overall, the inclusion of 1.0 g BA/kg diet effectively enhanced amylase and protease activities in GIFT, while
1.5 g / kg promoted higher lipase activity. This may be associated with improved growth performance in GIFT. It has
been hypothesized that organic acids like BA can enhance digestive enzyme activity by lowering the pH of the digesta
(Castillo et al., 2014). The mild acidifying effect of BA could have stimulated intestinal enzyme activities. Supporting
this, recent studies confirm that dietary organic acids enhance digestive enzyme activity and intestinal morphology in
Nile tilapia by lowering gut pH and stimulating enzyme secretion (Ruenkoed et al., 2025).
Haematological parameters

Haematological parameters serve as effective and sensitive indicators for detecting physiological and
pathological changes in fish. The normal ranges of various blood parameters in GIFT have been reported by several
researchers (Prabu et al., 2020; Sathishkumar et al., 2021). However, the haematological responses of GIFT to BA-
supplemented diets have not yet been thoroughly investigated. In the present study, the haematological changes in
GIFT fed with BA-incorporated diets were evaluated. Fish fed the 1 g BA/kg diet showed significantly (p<0.05) higher
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Table 2. Growth performance of GIFT fed diets supplemented with graded levels of butyric acid

Parameters Control BA 0.5 g/kg BA 1g/kg BA 1.5 g/kg
Initial weight (g) 2.08+0.04 * 2.09+0.032 2.08+0.062 2.08+0.022
Final weight (g) 6.33+£0.31° 6.49+0.30° 8.27+0.832 7.27+0.64
Weight gain (g) 4.25+0.30° 4.40+0.30° 6.19+0.872 5.19+0.65
Feed Conversion Ratio 3.14+0.21% 3.02+0.20® 2.18+0.33¢ 2.59+0.35%
Feed Efficiency Ratio 0.32+0.02° 0.33+0.02° 0.45+0.072 0.39+0.05®
Average Daily Gain (g) 0.0708+0.005° 0.0734+0.005° 0.1031+0.015* 0.0865+0.011 2
Specific Growth Rate (% day™') | 1.85+0.07° 1.89+0.08° 2.29+0.202 2.07+0.16
Protein Efficiency Ratio 1.16+0.08" 1.2240.09° 1.70+0.252 1.43+0.18%
Survival (%) 95.00+5.00° 95.33+5.03° 98.33+2.89° 98.67+1.15°

Values were expressed as mean + SD (n=3) and values with different superscripts indicate significant differenc

Table 3. Digestive enzyme activities of GIFT fed diets supplemented with graded

es (p<0.05)

levels of butyric acid

Enzyme activities Control BA 0.5 g/kg BA 1.0 g/kg BA 1.5 g/kg

Amylase (U/mg protein) | 0.537+0.015°¢ 0.550+0.005 © 0.600+0.001 ? 0.577+0.001°
Protease (U/mg protein) | 0.224+0.025°¢ 0.296+0.003 ° 0.379+0.018? 0.324+0.008 Y
Lipase (U/mg protein) 0.349+0.061° 0.434+0.05 0.441£0.054 * 0.550+0.076 2

Values were expressed as mean + SD (n=3), and values with different superscripts indicate significant differences (p<0.05).

Table 4. Haematological responses of GIFT fed diets supplemented with graded levels of butyric acid

Parameters Control BA 0.5 g/kg BA 1.0 g/kg BA 1.5 g/kg
RBC (million/ cu mm) | 1.39+0.21° 1.8240.81 % 2.13£0.31* 1.6440.32 %
Haemoglobin (g/dl) 5.02+0.68 ¢ 6.73+0.57 7.80+£0.462 5.87+£0.45%®
Haematocrit (%) 19.30+2.86" 26.80+3.302 30.77+£3.15% 25.63+1.30%
MCV (1) 134.8346.75°¢ 147.10£6.60° | 159.80+2.81° 156.67+3.05
MCH (pg) 33.77£1.60° 37.33+2.50° 43.7742.15°2 35.97+2.15%
MCHC (g/dl) 24.56+1.73° 25.37+3.15%® | 27.83+1.252 26.42+2.40

Values were expressed as mean + SD (n=3), and values with different superscripts indicate significant differences (p<0.05).

Table 5. Whole body proximate composition (% dry weight) of GIFT fed diets supplemented with graded levels of
butyric acid

Parameters Control BA 0.5 g/kg BA 1.0 g/kg BA 1.5 g/kg
Moisture (%) 5.46+0.51° 5.540.54° 4.64+0.572 4.9+041°2
Crude protein (%) 51.40£2.15 | 51.56+2.13° 52.03+4.392 51.35+2.142
Crude fat (%) 14.25+0.99* 14.54+0.95* 14.60+0.61* 14.48+1.582
Crude fibre (%) 1.88+0.192 1.96+0.442 1.72+0.502 1.99+0.342
Ash (%) 30.20+3.17* | 30.0+3.17* 31.29+3.032 31.35+2.042

Values were expressed as mean + SD (n=3), and values with same superscripts indicate no significant differences (p>0.05).

RBC count, haematocrit, haemoglobin, and MCHC than the control group, with haematological values increased
overall relative to the other experimental diets (Table 4). However, no significant differences were observed among
the other treatment groups. These findings are consistent with the report by Reda et al. (2016), where dietary inclusion
of formic acid significantly improved erythrocyte count, haemoglobin level, haematocrit, and mean corpuscular
haemoglobin in O. niloticus. In the current study, the observed improvement in haematological parameters may be
attributed to the immunomodulatory effects of BA, potentially enhanced by the presence of mineral mixtures (such as
calcium, phosphorus, iron, and copper) in the feed constituents. Similarly, Aalamifar et al. (2020) reported that L.
calcarifer fed with BA-supplemented diets also showed significantly (p<0.05) enhanced immune responses.
Whole body proximate composition

Dietary BA supplementation had no significant effect (P>0.05) on the whole-body proximate composition
(moisture, crude protein, crude fat, crude fibre, and ash) of GIFT (Table 5), although fish fed 1 g BA/kg diet showed
a marginally higher crude protein content than the other groups, consistent with the improved PER and protease
activity observed in this study. These findings agree with Omosowone et al. (2018), who reported a similar increase
in carcass crude protein in O. niloticus fed BA-supplemented diets. Overall, BA supplementation in the present study
did not exert any negative effects on the whole-body composition of GIFT. On the contrary, it demonstrated positive
impacts on growth performance and immune response, suggesting potential benefits of BA inclusion at appropriate
dietary levels.
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Conclusion

The present study revealed that dietary inclusion of BA at 1g/kg diet was efficiently utilized by GIFT and
significantly improved their growth performance. Additionally, BA supplementation enhanced haematological
responses and intestinal digestive enzyme activity, indicating a positive impact on fish health and nutrient utilization.
However, no significant changes were observed in the whole-body proximate composition, suggesting that BA did
not adversely affect the nutritional quality of the fish.
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