
Original Research Articles 

Effects of dietary garlic supplementation on growth, survival, and          
hematological parameters of juvenile     Clarias macrocephalus   under  
low salinity   
Huong K. Huynh1†, Ting C. Huang2†, Diep X. Doan3a 

1 School of Agriculture and Aquaculture, Tra Vinh University, Vinh Long Province, Vietnam, 2 Department of Aquaculture, National Taiwan Ocean 
University, Keelung City, Taiwan, 3 Faculty of Applied Sciences, Ton Duc Thang University, Ho Chi Minh City, Vietnam 

Keywords: garlic supplementation, growth performance, hematological parameters, low salinity, Clarias macrocephalus 

https://doi.org/10.46989/001c.162997 

Israeli Journal of Aquaculture - Bamidgeh 
Vol. 78, Issue 2, 2026 

This study evaluated the dose-dependent effects of dietary garlic (Allium sativum) 
supplementation on growth performance, survival, and hematological parameters of 
juvenile bighead catfish (Clarias macrocephalus) reared under low-salinity (2‰) 
conditions. A 60-day feeding trial was conducted using four experimental diets 
containing 0, 10, 20, and 30 g kg⁻¹ garlic powder in a completely randomized design 
with triplicate groups. Fish fed 20 g kg⁻¹ garlic exhibited growth performance (final 
mean weight, weight gain, daily weight gain, and specific growth rate in weight) 
comparable to the control and significantly higher than that of fish fed 10 g kg⁻¹ (P ≤ 
0.05). In contrast, the 30 g kg⁻¹ treatment showed intermediate values. Survival was 
highest at 20 g kg⁻¹ and significantly reduced at 30 g kg⁻¹ (P ≤ 0.05). Feed conversion 
ratio, and most monitored hematological parameters were not significantly affected by 
dietary treatments (P ≥ 0.05), although leukocyte count was significantly higher at 20 g 
kg⁻¹ compared to 30 g kg⁻¹ (P ≤ 0.05). These findings indicate a dose-dependent 
response to garlic supplementation, with 20 g kg⁻¹ representing an appropriate 
inclusion level under the present conditions. The results provide practical implications 
for the use of garlic as a functional feed additive in aquaculture systems affected by 
salinity intrusion. Further studies incorporating functional and mechanistic analyses are 
recommended to clarify the underlying biological processes. 

INTRODUCTION 

Aquaculture is one of the fastest-growing sectors of global 
food production and plays a crucial role in food security and 
socioeconomic development, particularly in developing re
gions.1‑3 Among cultured species, the bighead catfish (C. 
macrocephalus) is widely farmed in freshwater areas in 
Southeast Asia due to its high market value and strong 
environmental tolerance. This species possesses accessory 
respiratory organs that facilitate aerial respiration and sur
vival in hypoxic environments.4,5 Recent findings have also 
indicated that bighead catfish can perform well under low-
salinity conditions (2‰), highlighting its potential for 
aquaculture in regions increasingly affected by salinity in
trusion.6 

Salinity intrusion driven by climate change has become 
an increasing challenge in aquaculture, particularly in low-
lying coastal and delta regions such as the Mekong Delta 

of Vietnam and other parts of Southeast Asia, adversely af
fecting agriculture, fisheries, and biodiversity. Even slight 
increases in salinity can disrupt osmotic and ionic balance 
and elevate osmoregulatory energy demands. These 
changes may induce oxidative stress, impair immune func
tion, increase disease susceptibility, and reduce growth per
formance and survival in freshwater fish species. These ef
fects ultimately lead to reduced productivity and higher 
production costs for farmers. These impacts are further ex
acerbated in intensive aquaculture systems by additional 
stressors, including high stocking densities and fluctuating 
water quality.7,8 Although antibiotics are commonly used 
to mitigate such challenges in farmed fish, their overuse 
has raised serious concerns regarding antimicrobial resis
tance, environmental contamination, and food safety.9,10 

Consequently, there is growing interest in sustainable al
ternatives such as phytogenic feed additives.11,12 
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Garlic (Allium sativum) is an inexpensive and readily 
available phytogenic feed additive. In particular, it is rich 
in bioactive organosulfur compounds, particularly allicin, 
which exhibit antimicrobial, antioxidant, and immunomod
ulatory properties.13,14 Garlic has been reported to support 
the health and welfare of farmed species through multiple 
biological pathways, including modulation of gut micro
biota, stimulation of digestive enzyme activity, and im
proved nutrient utilization.15,16 It also strengthens antiox
idant defenses by scavenging reactive oxygen species and 
stimulating endogenous antioxidant systems, thereby help
ing to maintain redox balance under stress conditions.17,

18 Garlic application via feed or immersion can enhance 
the performance of cultured aquatic species. Its effects de
pend on garlic form, dosage, species, life stage, and dura
tion of application.10 Dietary garlic powder has been tested 
across a wide range (0.05–40 g kg⁻¹),19 with optimal re
sponses commonly reported within the range of 10–20 g 
kg⁻¹.19‑22 However, higher levels show inconsistent effects 
across species. For example, 40 g kg⁻¹ improved growth 
performance and feed utilization in Lates calcarifer,23 

whereas 25 g kg⁻¹ reduced performance in Lateolabrax 
japonicus,20 and levels above 20 g kg⁻¹ adversely affected 
red blood cell indices and hematocrit in Dicentrarchus 
labrax.24 

Under salinity stress, fish often exhibit altered metabolic 
and physiological states. These changes are frequently ac
companied by variations in hematological parameters, 
which serve as indicators of health status and stress re
sponse.25‑28 In scaleless catfish such as the bighead catfish, 
the absence of protective scales may increase sensitivity to 
handling and environmental stressors.29‑31 This can lead to 
more pronounced alterations in their metabolic and physi
ological states under salinity stress. Although there is con
siderable evidence regarding the effects of dietary garlic on 
the performance of farmed fish, literature associated with 
its influence on C. macrocephalus under low-salinity con
ditions remains limited. This knowledge gap is particularly 
relevant given the increasing prevalence of salinity intru
sion into freshwater aquaculture systems and the species’ 
potential for culture in such environments. Therefore, this 
study evaluated the effects of dietary garlic supplementa
tion (0–30 g kg⁻¹) on growth performance, survival, and 
hematological responses of juvenile bighead catfish under 
low-salinity (2‰) conditions. The study aims to provide 
practical insights to support the sustainable culture of this 
species in salinity intrusion–affected regions. 

MATERIALS AND METHODS 

EXPERIMENTAL FISH AND ACCLIMATION 

Juvenile bighead catfish with an average body weight of 
9.61 ± 1.62 g and total length of 10.42 ± 1.16 cm were ob
tained from a local hatchery and transported to the fresh
water aquaculture experimental facility at Tra Vinh Uni
versity. Transportation followed the recommended live 
fish-handling procedures.32 After arrival, fish were accli
mated for one week in 1 m³ aerated composite tanks. Ini

tially, the fish were maintained in freshwater (0‰ salinity) 
and gradually acclimated to 2‰ salinity by increasing 
salinity by 1‰ every 12 h using 30‰ bittern water col
lected from nearby salt fields. After reaching the target 
salinity, fish were maintained under the same conditions 
for an additional 3 days prior to the start of the feeding 
trial. During acclimation, fish were fed a basic commercial 
diet once daily. Uneaten feed and accumulated waste were 
removed daily to maintain suitable water quality. Through
out the acclimation period, fish exhibited normal swim
ming and feeding behavior. 

Freshwater used in the experiment was collected from a 
nearby river, allowed to settle to remove suspended parti
cles, disinfected with potassium permanganate (KMnO₄) at 
5 mg L⁻¹, and aerated for three days before use. The bit
tern water (30‰) was treated with chlorine at 40 mg L⁻¹ 
and aerated for three days. Freshwater and saltwater were 
mixed to obtain the desired salinity of 2‰ using the dilu
tion equation C₁V₁ = C₂V₂, where C₁ represents the salinity 
of the saltwater, V₁ is the volume of saltwater used, C₂ is 
the target salinity, and V₂ is the total volume of the mix
ture. 

DIET PREPARATION 

Commercial pellets containing 30% crude protein 
(DACHAN Joint Stock Company, Vietnam) served as the 
basal diet. The proximate nutritional components of the 
basal feed are detailed in Table 1. Garlic cloves were 
sourced from a local market, peeled, and then oven-dried 
at 70°C for 13 hours. Both the dried garlic and the com
mercial pellets were ground separately into fine powders, 
sealed in polyethylene bags, and stored at 4°C until needed. 
Ten minutes before feeding, the required amounts of garlic 
powder were thoroughly suspended in 1 mL of water. The 
solutions were then thoroughly mixed with the basal feed 
powder to obtain levels (0, 10, 20, and 30 g kg⁻¹). 

EXPERIMENTAL DESIGN AND FEEDING MANAGEMENT 

This study was conducted at the Freshwater Aquaculture 
Experimental Hatchery of Tra Vinh University (Vietnam) 
from 30 July to 30 October 2025. The experimental design, 
including the sample size and replication level, was con
sistent with established practices in aquaculture nutrition 
studies evaluating phytogenic feed additives. A completely 
randomized design was employed with four dietary treat
ments (0, 10, 20, and 30 g kg⁻¹ garlic powder), each in 
triplicate. A total of 240 fish were randomly assigned to 12 
aerated composite tanks (250 L capacity; 100 L working vol
ume) at a stocking density of 20 fish per tank. The culture 
system was operated as a semi-static system with continu
ous aeration and periodic water exchange, in which approx
imately 30% of the water volume in each tank was replaced 
weekly. The feeding trial lasted 60 days under conditions 
of 2‰ salinity. Fish were fed twice daily (07:30 and 16:00) 
at 2–3% of their body weight. Feed intake was monitored 
in each tank at every feeding, and amounts were adjusted 
based on previous feeding activity. No abnormal feeding 
behavior was observed among treatments throughout the 
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trial. Uneaten feed and feces were removed daily, and ap
proximately 30% of the water was replaced weekly. 

GROWTH PERFORMANCE MEASUREMENTS 

Fish were measured at 15-day intervals throughout the ex
periment. At each sampling point, five fish per tank were 
randomly selected for measurement. Fish were gently blot
ted dry and weighed using an electronic balance (±0.01 g), 
and total length was measured to the nearest millimeter. 
Survival, productivity, and feed conversion ratio were 
recorded at the end of the experiment. Monitored perfor
mance parameters were calculated using standard formulas 
commonly applied in aquaculture studies. 

Mean weight (MW, g) = total weight of sampled fish/
number of fish 

Mean length (ML, cm) = total length of sampled fish/
number of fish 

Weight gain (WG, g) = final weight − initial weight 
Length gain (LG, cm) = final length − initial length 
Daily weight gain (DWG, g day⁻¹) = (final weight − ini

tial weight) / rearing days 
Daily length gain (DLG, cm day⁻¹) = (final length − ini

tial length) / rearing days 
Specific growth rate in weight (SGRW, % day⁻¹) = [(ln fi

nal weight − ln initial weight) / rearing days] × 100 
Specific growth rate in length (SGRL, % day⁻¹) = [(ln fi

nal length − ln initial length) / rearing days] × 100 
Survival rate (%) = (final fish number / initial fish num

ber) × 100 
Productivity (g m⁻3) = total biomass / rearing volume 
Feed conversion ratio (FCR) = total dry feed fed (g) / total 

wet weight gain (g) 

HEMATOLOGICAL ANALYSIS 

At the end of the experiment, three fish per tank (nine fish 
per treatment) were randomly selected for hematological 
analysis. Fish were anesthetized using cold shock (ice im
mersion) prior to blood collection. Blood samples (~0.4 mL) 
were collected from the caudal vein using sterile syringes 
and transferred into EDTA-coated tubes. Hematological pa
rameters, including leukocyte (WBC), lymphocyte (LYM), 
mid-sized cell (MID), and erythrocyte (RBC) counts, were 
analyzed using standard methods.33,34 

WATER QUALITY MONITORING 

Water quality parameters were monitored throughout the 
experimental period. Temperature and pH were measured 
twice daily using a portable meter (HANNA HI98103, Ro
mania), while salinity was measured using a salinometer 
(YSI, Japan). Total ammonia nitrogen (TAN) and nitrite 
(NO₂⁻) were measured every three days using commercial 
test kits (Sera, Germany). 

DATA ANALYSIS 

Statistical analyses were conducted using one-way analysis 
of variance (ANOVA), followed by Duncan’s multiple range 

Table 1. Proximate compositions of the basal diet used        
in the study.    

Nutritional component Content 

Crude protein (%) 30 

Crude lipid (%) 6 

Crude fiber (%) 5 

Moisture (%) 11 

Phosphorus (%) 1.0 

Lysine (%) 1.0 

Ethoxyquin (ppm) 150 

Values are based on the manufacturer’s specifications for commercial pellets containing 
30% crude protein (DACHAN Joint Stock Company, Vietnam). 

test to compare treatment means at a significance level of 
P ≤ 0.05. Before analysis, data were assessed for normal
ity and homogeneity of variances. Percentage data were 
arcsine-transformed when necessary to satisfy ANOVA as
sumptions. All analyses were performed using IBM SPSS 
Statistics for Windows (version 20.0). 

RESULTS 

WATER QUALITY PARAMETERS 

Water quality remained stable throughout the 60-day ex
perimental period, with only minor variation among treat
ments (Table 2). Water temperature ranged from 27.74 to 
28.88°C, and pH values were maintained between 6.92 and 
7.26. TAN and NO₂⁻ concentrations remained low across 
all treatments, ranging from 0.01 to 0.02 mg L⁻¹ and 0.01 
to 0.03 mg L⁻¹, respectively. 

GROWTH PERFORMANCE AND HEMATOLOGICAL 
RESPONSES 

Growth performance in weight showed a dose-dependent 
pattern across dietary treatments. At the end of the exper
iment, fish fed the control (0 g kg⁻¹) and 20 g kg⁻¹ garlic 
diets exhibited similar values of final mean weight (FMW), 
WG, DWG, and SGRW, which were significantly higher than 
those of fish fed 10 g kg⁻¹ (P ≤ 0.05, Table 3). Fish fed 30 g 
kg⁻¹ showed intermediate values and did not differ signif
icantly from the other treatments (P ≥ 0.05, Table 3). 

Length-related parameters were generally less respon
sive to dietary treatments. At day 45, ML₄₅ was significantly 
lower in fish fed 10 g kg⁻¹ compared with the other treat
ments (P ≤ 0.05, Table 4). However, no significant differ
ences were observed among treatments for FML, LG, DLG, 
or SGRL (P ≥ 0.05, Table 4). 

The highest survival (100%) was observed in fish fed 20 g 
kg⁻¹ garlic, while survival remained high (95–97%) in the 
control and 10 g kg⁻¹ treatments, with no significant dif
ferences (P ≥ 0.05, Figure 1). In contrast, fish fed 30 g kg⁻¹ 
exhibited a significantly lower survival rate than the other 
treatments (P ≤ 0.05, Figure 1). Productivity and FCR were 
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Table 2. Water quality parameters during 60 days of rearing under various dietary garlic powder levels (means ±                 
SD).  

Parameters Test Time 
Dietary garlic powder levels (g kg⁻¹) 

0 10 20 30 

Temperature 
(°C) 

7:00 28.78±0.85 28.34±0.84 28.34±0.87 28.33±0.80 

14:00 28.88±0.83 28.76±0.84 27.74±0.77 28.60±0.74 

pH 
7:00 6.94±0.21 6.92±0.23 6.95±0.23 6.92±0.20 

14:00 7.19±0.27 7.26±0.23 7.24±0.24 7.23±0.24 

TAN (mg L⁻¹) 0.01±0.00 0.02±0.00 0.02±0.00 0.02±0.00 

NO₂⁻ (mg L⁻¹) 0.01±0.00 0.02±0.00 0.03±0.00 0.01±0.00 

Table 3. Initial mean weight (IMW), mean weight (MW), final mean weight (FMW), weight gain (WG), daily                
weight gain (DWG), and specific growth rate in weight (SGR         W) of   Clarias macrocephalus   juveniles over a 60-day     
culture period under different dietary garlic powder levels.         

Parameters 
Dietary garlic powder levels (g kg⁻¹) 

0 10 20 30 

IMW (g ind⁻¹) 9.61±1.62a 9.61±1.62a 9.61±1.62a 9.61±1.62a 

MW15 (g ind⁻¹) 13.28±1.63a 10.53±1.79a 11.61±3.07a 11.46±3.29a 

MW30 (g ind⁻¹) 16.89±1.74a 17.96±2.16a 17.72±2.02a 17.44±2.12a 

MW45 (g ind⁻¹) 19.12±1.60a 18.43±1.67a 19.73±2.06a 19.28±2.02a 

FMW (g ind⁻¹) 21.67±2.35b 19.91±1.97a 21.39±1.61b 20.84±1.66ab 

WG (g ind⁻¹) 12.06±3.25b 10.29±1.97a 11.78±1.61b 11.23±1.66ab 

DWG (g ind⁻¹) 0.20±0.04b 0.17±0.03a 0.19±0.03b 0.18±0.03ab 

SGRW (％ day⁻¹) 1.35±0.18b 1.21±0.17a 1.33±0.12b 1.29±0.13ab 

Values represent means ± SD. Values with different letters (a, b) in the same row indicate a significant difference (P ≤ 0.05). 

not significantly affected by dietary treatments (Table 5, P 
≥ 0.05). 

WBC counts were highest in fish fed 20 g kg⁻¹ garlic and 
were significantly higher than those in fish fed 30 g kg⁻¹ (P 
≤ 0.05; Table 6) but did not differ significantly from the con
trol or 10 g kg⁻¹ treatments (P ≥ 0.05; Table 6). No signifi
cant differences were observed among treatments for LYM, 
MID, or RBC counts (P ≥ 0.05; Table 6). 

Overall, the results consistently demonstrated a non-
linear dose–response pattern across growth in weight, sur
vival, and hematological parameters. 

DISCUSSION 

GROWTH PERFORMANCE 

This study evaluated the effects of dietary garlic powder 
supplementation on the growth performance of juvenile C. 
macrocephalus under low-salinity (2‰) conditions. Fish fed 
20 g kg⁻¹ garlic exhibited growth performance in weight 
(via FMW, WG, DWG, and SGRW) comparable to the control 
and significantly higher than that of fish fed 10 g kg⁻¹, 
whereas the 30 g kg⁻¹ treatment produced intermediate 
results without significant differences among other treat
ments. These findings indicate that 20 g kg⁻¹ represents 
an effective supplementation level for maintaining stable 

growth. In contrast, both lower and higher supplementa
tion levels showed no additional benefit and a tendency to
ward reduced performance under the present conditions. 

The significantly reduced growth performance observed 
at 10 g kg⁻¹ may be attributed to an insufficient level of 
bioactive compounds in dietary garlic to elicit beneficial 
physiological effects. Although C. macrocephalus can toler
ate low salinity (2‰),6 maintaining osmotic and ionic bal
ance in such environments requires additional metabolic 
energy.35,36 This increased demand may elevate metabolic 
load and disrupt redox balance,8 thereby reducing energy 
available for growth and immune function. Garlic-derived 
bioactive compounds, particularly organosulfur compounds 
such as allicin, may help mitigate these effects by enhanc
ing digestive efficiency, improving gut microbial balance, 
and strengthening antioxidant defenses.9,16,17 However, 
these benefits are dose-dependent, and insufficient sup
plementation may fail to activate these mechanisms ef
fectively.37,38 These can shift energy allocation away from 
somatic growth toward maintenance functions.8,39 More
over, low doses may impose additional metabolic costs as
sociated with physiological adaptation to phytogenic com
pounds without providing compensatory benefits. As a 
result, these negative effects may outweigh potential ad
vantages, leading to unchanged or slightly reduced growth 
performance.15,40 
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Table 4. Initial mean length (IML), mean length (ML), final mean length (FML), length gain (LG), daily length                 
gain (DLG), and specific growth rate in length (SGR        L) of   Clarias macrocephalus   juveniles over a 60-day culture      
period under different dietary garlic powder levels.        

Parameters 
Dietary garlic powder levels (g kg⁻¹) 

0 10 20 30 

IML (cm ind⁻¹) 10.42±1.16a 10.42±1.16a 10.42±1.16a 10.42±1.16a 

ML15 (cm ind⁻¹) 11.45±1.06a 10.92±0.79a 11.14±1.04a 11.13±0.79a 

ML30 (cm ind⁻¹) 12.75±0.67a 12.49±0.55a 12.59±0.69a 12.89±0.72a 

ML45 (cm ind⁻¹) 13.31±0.51b 12.95±0.23a 13.05±0.47b 13.07±0.46b 

FML (cm ind⁻¹) 13.76±0.33a 13.73±0.53a 13.75±0.65a 13.49±0.75a 

LG (cm ind⁻¹) 3.34±0.33a 3.31±0.53a 3.33±0.65a 3.07±0.75a 

DLG (cm day⁻¹) 0.06±0.01a 0.05±0.01a 0.05±0.01a 0.05±0.01a 

SGRL (％ day⁻¹) 0.43±0.04a 0.43±0.06a 0.43±0.08a 0.40±0.09a 

Values represent means ± SD. Values with different letters (a, b) in the same row indicate a significant difference (P ≤ 0.05). 

Table 5. Productivity and feed conversion ratio (FCR) of        Clarias macrocephalus   juveniles after a 60-day culture      
period under different dietary garlic powder levels.        

Parameters 
Dietary garlic powder levels (g kg⁻¹) 

0 10 20 30 

Productivity (g m−3) 1468±177.02a 1486±27.00a 1502±23.18a 1400±27.51a 

FCR 4.39±0.93a 3.79±0.06a 3.96±0.03a 4.51±0.31a 

Values represent means ± SD. Values with the letter (a) in the same row indicate no significant difference (P ≥ 0.05). 

Table 6. Counts of hematological parameters in the blood of         Clarias macrocephalus   juveniles after a 60-day     
culture period under different dietary garlic powder levels.         

Parameters 
Dietary garlic powder levels (g kg⁻¹) 

0 10 20 30 

WBC 48.67±6.03ab 47.33±3.06ab 50.67±3.51b 41.67±2.98a 

LYM 20.33±3.06a 18.67±2.08a 23.33±2.08a 20.67±3.22a 

MID 5.00±1.00a 5.00±0.20a 5.00±0.10a 4.67±0.58a 

RBC 3.33±0.58a 3.00±0.01a 2.83±0.76a 3.00±0.01a 

Values represent means ± SD. Values with different letters (a, b) in the same row indicate a significant difference (P ≤ 0.05). WBC (leukocytes, 10⁹ cells L−1), LYM (lymphocytes, 10⁹ 
cells L−1), MID (mid-sized cells including monocytes, eosinophils, and basophils, 10⁹ cells L−1), RBC (erythrocytes, 10¹² cells L−1). 

On the other hand, the reduced growth performance 
trend and significantly lower survival observed at 30 g kg⁻¹ 
may be attributed to the adverse effects of excessive garlic 
supplementation. While bioactive compounds in garlic 
have been reported to support gut microbiota balance, di
gestive efficiency, and nutrient absorption9,21,41 and have 
immunomodulatory, antioxidant, anti-inflammatory, and 
antibacterial features,42,43 excessive levels may disrupt 
physiological homeostasis. High levels of garlic-derived 
organosulfur compounds, particularly allicin, may exert cy
totoxic and pro-oxidant effects, leading to oxidative stress, 
lipid peroxidation, and tissue damage. In addition, exces
sive garlic intake may cause intestinal mucosal damage, al
ter gut microbial balance, and induce gastrointestinal ir
ritation and metabolic stress, as reported in Oreochromis 
niloticus, Cyprinus carpio, and Perca fluviatilis.21,44,45 Fur

thermore, high inclusion levels have been associated with 
hematological disturbances, including erythrocyte damage 
and reduced oxygen-carrying capacity, as well as hepatic 
dysfunction, indicating increased metabolic and detoxifica
tion burdens.38,46 The strong odor and pungency of garlic 
at excessive levels may also reduce feed palatability and in
take, thereby limiting nutrient assimilation and growth.38,

44,47 Collectively, these disturbances can redirect energy al
location toward stress responses, detoxification, and cellu
lar repair rather than somatic growth, ultimately resulting 
in decreased growth performance and survival. 

Optimal dietary garlic supplementation levels may en
hance physiological stability and energy allocation toward 
growth and survival.17,18 In the present study, growth per
formance did not differ significantly from the control, while 
the highest survival rate was observed at the 20 g kg⁻¹ 
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Figure 1. Survival rate of    Clarias macrocephalus   
juveniles after a 60-day culture period under different         
dietary garlic powder levels. Values are presented as         
mean±SD.  
The bars with different letters (a, b) indicate a significant difference (P ≤ 0.05). 

supplementation level, indicating that the fish were already 
approaching their growth potential under the experimental 
conditions. These findings indicate that dietary garlic may 
contribute more to homeostasis, stress tolerance, and im
mune function than to growth promotion under low-salin
ity conditions. These explanations are consistent with the 
lack of significant differences in FCR and productivity 
among treatments. Similar responses have also been re
ported in several species.47,48 

Another result showed that dietary garlic treatments did 
not significantly affect length growth parameters, despite 
variations in weight-based parameters. This divergence 
likely reflects differences in the regulation of somatic and 
skeletal growth in fish. Body weight responds rapidly to 
changes in nutrient intake and energy allocation, whereas 
length growth is more tightly controlled by endocrine 
mechanisms and structural processes such as bone forma
tion.39,49‑51 Consequently, dietary interventions may in
fluence tissue deposition without producing proportional 
changes in length over relatively short experimental peri
ods. Similar patterns have been reported in Nile tilapia and 
African catfish, where weight gain responded more readily 
than length growth to dietary garlic supplementation.52,53 

HEMATOLOGICAL RESPONSES 

Monitored hematological parameters remained within the 
normal ranges reported for Clarias species,26,27,54‑56 sug
gesting that garlic supplementation regulated, rather than 
disrupted, the physiological status of the experimental ju
veniles. 

A significant effect was observed in WBC counts, which 
were highest at 20 g kg⁻¹. This increase suggests a stim
ulation of immune-related processes. WBCs play a central 
role in innate immunity, including pathogen recognition 
and inflammatory responses.57‑59 Garlic-derived 
organosulfur compounds, particularly allicin, have been re
ported to enhance WBC activity, modulate immune sig
naling pathways, and improve antioxidant defenses.17,38,60,

61 Therefore, elevated WBC levels at the 20 g kg⁻¹ sup

plementation level may reflect enhanced immune readi
ness, which is consistent with the highest survival observed 
in this group. In contrast, reduced WBC counts at 30 g 
kg⁻¹, together with a significant decline in survival rate, 
may indicate that excessive garlic inclusion adversely af
fects physiological balance or immune efficiency. This sup
ports a dose-dependent (hormetic) response.62,63 Compa
rable dose-dependent responses to garlic supplementation 
have been reported in several fish species.44,47,64 The ab
sence of significant changes in LYM, MID, and RBC suggests 
that the hematological response was selective rather than 
indicative of broad alterations in blood composition. 

During the experiment, key water quality parameters re
mained stable and within optimal ranges for bighead cat
fish,65,66 indicating that the observed effects were primarily 
attributable to dietary treatments. Although garlic supple
mentation did not significantly enhance growth perfor
mance or feed efficiency, the 20 g kg⁻¹ level improved 
survival and supported physiological stability under low-
salinity conditions. These findings suggest that garlic func
tions primarily as a health-promoting additive, enhancing 
stress tolerance rather than directly stimulating growth. 
From a practical aspect, this increase in survival may po
tentially improve production efficiency and lower the cost 
per unit of biomass. Given its low prices and availability, 
garlic use as a feed additive may represent a cost-effective 
strategy under the study conditions, despite further cost-
benefit and field-scale evaluations being required. 

In conclusion, this study indicates that a dietary garlic 
supplementation level of 20 g kg⁻¹ appears to be optimal 
for juvenile C. macrocephalus reared in low-salinity (2‰) 
conditions. This supplementation level was effective in 
maintaining growth performance, supporting survival, and 
selectively modulating leukocyte (WBC) response. However, 
this study has several limitations. The lack of tests on di
gestive enzyme activity, gut microbiota, and functional im
mune responses limits mechanistic interpretation. Future 
studies should incorporate these aspects, along with long-
term and field-based evaluations, including economic ef
ficiency, to better elucidate the physiological effects and 
confirm the applicability of garlic supplementation under 
commercial conditions. 
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