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Efficacy of garlic powder as a growth promoting 

feed additive for higher growth and improved 

flesh quality in an Indian Major Carp, Labeo 

rohita (Ham.) fingerlings 
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Abstract 
The present study (180 days) was carried out to assess the possibility of utilizing garlic powder (GP) as 

feed additive for improving survival, growth and flesh quality of rohu (Labeo rohita Ham.) stocked in 

outdoor cemented tanks of 80m2 (80 fingerlings tank-1). Fish were fed @ 2% of total fish biomass daily 

with garlic powder (GP) supplemented feeds (@ 0, 1, 2 and 3%) in T0, T1, T2 and T3 treatments, 

respectively. T0 (without GP) served as control. Water quality in all the treatments remained within 

optimum levels for carp culture and survival of fish improved with GP supplementation. Significantly 

higher net weight gain, specific growth rate and flesh protein content (p≤ 0.05) were recorded in all GP  

treatments (T1-T3) and was highest at 2% (20g kg-1 feed) inclusion level, being 57.67, 24.79 and 39.6% 

higher as compare to control, respectively. Although, GP supplementation increased the feed cost, but 

growth increment compensated for the cost, indicating that GP can be incorporated in rohu, fingerlings 

feed @ 20g kg-1 feed (2%) for improved growth, flesh quality and fish production, hence higher income 

thereof. 
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Introduction 
Aquaculture represents one of the fast growing food producing sectors of the world with an 

average annual growth rate of 8.9%. With global fish production of 170.9 million tonnes (mt), 
including 46.81% share (80.0 mt) from aquaculture sector in (2017-18), world’s total fish and 

shell fish production is projected to cross 185 mt mark in 2030 [1]. To achieve higher 

production targets, use of antibiotics and other chemicals have also increased for health 

management in aquaculture sector, but due to their negative impact on environment, food 
safety issues and enhanced awareness amongst consumers, focus on organic or herbal food 

production is gearing up in the modern world. As wide range of medicinal herbs possess 

growth promoting and immuno-stimulating properties, offering cost effective, eco-friendly 
alternative for health management without any side effects and environmental hazards. Among 

potential medicinal herbs, Garlic (Allium sativum L.), belonging to family Liliaceae, is used as 

spice and in traditional medicine since ages. It is one of the natural immuno-stimulants [2], used 

to control pathogenic bacteria and fungi in animals, including fish [3]. Garlic contains at least 
33 sulphur compounds, 17 amino acids, several enzymes, minerals and vitamins. It has been 

reported to be antibacterial, antiviral, antifungal, antioxidant, antiprotozoal and an effective 

immuno-stimulant, growth promoter and improves flesh quality owing to the presence of 

various organ sulphur compounds [4]. Allicin is the most powerful organ sulphur component 
present in garlic that actively kills parasites and pathogenic bacteria; [5] and has been found to 

regulate oxidative stress and immune responses by enhancing immuno-competence, improving 

gastrointestinal motility and modulating the secretion of various enzymes to improve digestion 

and nutrient absorption. It also improves digestion by promoting the performance of the 
intestinal flora, thereby enhancing the utilization of energy and improving growth [6]. 

Although, garlic has been found to eliminate principal pathogenic bacteria, strengthen 

immunity, uplift health status, enhance growth and improve flesh quality in freshwater fish 

like common carp (Cyprinus carpio), tilapia (Oreochromis niloticus), rainbow trout 
(Oncorhynchus mykiss), African catfish (Clarias gariepinus) and shrimp (Penaeus monodon) 
[7, 8], but work in respect to its efficacy in carps in general and rohu (Labeo rohita) in particular 

is inadequate. 
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Carp fish, contributing more than 85% of total production 

from freshwater aquaculture sector in India, is a low value 

fish, but in view of non-availability of any strong alternative 

species for diversification, they are practically indispensable. 

In this context, the present study was designed to assess the 

possibility of utilizing garlic powder (GP) as feed additive for 

improving survival, growth and flesh quality of one of the 

priced freshwater carp, rohu (L. rohita Ham.). 

 

Material and Methods  

Experimental layout 
The experiment was conducted in outdoor cemented 

rectangular tanks of 80m2 (in duplicate) at Fish Farm of 

College of Fisheries, Guru Angad Dev Veterinary and Animal 

Sciences University (GADVASU), Ludhiana, Punjab, India 

for a period of 180 days. 

 

Experimental feeds 
Garlic powder (GP) was prepared by grinding oven dried (40 
oC) peeled garlic cloves (dry matter recovery of 26.7%). Four 

experimental pellet feeds were prepared using locally 

available ingredients (rice bran, mustard meal and vitamin- 

mineral mixture) as presented in Table-1. The proximate 

analysis (crude protein, ether extract, ash, crude fibre and 

nitrogen free extract) of the feed ingredients and experimental 

feeds (Table 2) was done as per standard methods [9]. 

 
Table 1: Details of treatments in respect to experimental feeds 

 

Ingredients 
Treatments 

T0 T1 T2 T3 
1Basal diet (%) 100 99 98 97 

2Garlic powder (GP) (%) - 1 2 3 
1 Basal diets – 49% Rice bran (de-oiled) + 49% Mustard meal (de-

oiled) + 1.5% Vitamin- mineral mixture + 0.5% Common salt  
2 GP incorporated in T1, T2 and T3 treatments @ 10g (1%), 20g (2%) 

and 30g (3%) kg-1 feed, respectively. 

 
Table 2: Proximate composition (% dry matter basis) of different feed ingredients and formulated experimenta l feeds. 

 

Ingredients/ diet Crude protein Ether extract Crude fibre Total ash 
Nitrogen free 

extract 

Rice Bran* 12.37 1.29 15.65 11.53 59.14 

Mustard Meal* 38.93 1.92 11.55 8.17 39.54 

Garlic powder 16.50 1.58 2.60 3.90 75.42 

Control Feed (T0) 25.35 1.59 13.85 9.48 49.73 

1% GP Feed (T1) 26.31 1.70 13.41 9.61 48.97 

2% GP Feed (T2) 26.44 1.82 13.47 9.69 48.58 

3% GP Feed (T3) 26.36 1.86 13.37 9.72 48.69 

*Solvent extracted/de-oiled 

 

Preparation of experimental tanks 

The experimental tanks (80m2) were layered with 10 cm thick 

layer of soil, limed with lime stone (CaCO3) @ 250kg ha-1 

(2kg tank-1), filled with bore well water (1 meter) and 

manured with farm yard manure @ 5000 kg ha-1 (40 kg tank-

1) before stocking fish and subsequently @ 500 kg ha-1 (4 kg 

tank-1) at monthly interval.  

 

Stocking and feeding of fish 
After 10 days of manuring, healthy fingerlings of L. rohita 

were stocked in the experimental tanks @ 10,000 fingerlings 

ha-1 (80 fingerlings tank-1). Fish was fed daily with different 

experimental feeds @ 2% of fish body weight (BW) for 6 

months and feeding ration was adjusted in accordance to 

weight gain of fish after random sampling at monthly interval. 

 

Observations 
At monthly intervals, the physico-chemical parameters 

(temperature, pH, dissolved oxygen, total alkalinity, total 

hardness and ammonical-nitrogen concentration) and nutrient 

status (nitrate nitrogen and orthophosphate concentration) in 

water were estimated following standard methods [10]. 

Random sampling of 10 fish from each tank was done at 

monthly intervals to record growth of fish in terms of total 

body length (TBL) and BW. After culture period of 180 days, 

total fish was harvested from each treatment to record 

survival and growth of fish. Growth performance of fish, in 

terms total body length gain (TBLG), net weight gain (NWG), 

specific growth rate (SGR), condition factor (K- value) and 

feeding efficiency in terms of food conversion ratio (FCR), 

protein efficiency ratio (PER) was calculated as per following 

formulae [11, 12]. 

 

TBLG = Average (Av.) final TBL (cm) – Av. initial TBL 

(cm) 

 

NWG = Av. final BW (g) – Av. initial BW (g) 

 

 
 
Condition Factor (K-value): K= W/L3 X 100 

 

Where 

W = Weight of Fish (g), L= Length of Fish (cm) 

    

 
 

 
 

Proximate composition of harvested fish (flesh quality) in 

terms of total protein, total lipids, total carbohydrates, 

moisture and ash content was assessed as per standard 

methods [9, 13, 14]. 

 

Data analysis 
Data was analyzed using one way ANOVA and Duncan’s 

multiple range test using SPSS 20.0 software (P≤0.05), to 

evaluate significant differences among different treatments, 

with respect to physico-chemical parameters, nutrient status 

of water, growth performance and proximate composition of 

fish. 
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Results and Discussions  
Although, among treatments significant changes (p≤0.05) 

were observed in respect to water quality (culture period 

mean pH, dissolved oxygen, total hardness) and nutrient 

concentration (nitrate nitrogen and orthophosphate) of water 

(Table 3), but all the parameters (temperature, pH, dissolved 

oxygen, total hardness, total alkalinity, ammonical nitrogen, 

nitrate nitrogen and orthophosphate) were well within the 

optimum/permissible limit [15, 16, 17] for carp culture, indicating 

that garlic powder supplementation in L. rohita fingerling 

feed did not affect the water quality in any of the treatments. 

 
Table 3: Mean culture period physico-chemical parameters and nutrient status of water in different treatments  

 

Parameters 
Treatments 

T0 T1 T2 T3 

Water temperature (0C) 28.30a±0.56 28.28a±0.55 28.34 a±0.57 28.28a±0.55 

pH 8.32 b±0.04 8.81 a±0.07 8.74 a±0.04 8.68 a±0.05 

Dissolved oxygen (mg l-1) 9.12 c±0.11 10.11b±0.13 10.33ab±0.09 10.51a±0.05 

Total hardness (mg l-1) 196.19 b±6.06 229.38 a±4.54 232.12 a±4.56 236.69 a±5.07 

Total alkalinity (mg l-1) 170.52 a±5.10 176.14 a±4.77 181.50 a±5.53 183.69 a±4.74 

Ammonical nitrogen (mg l-1) 0.060 a±0.002 0.065 a±0.003 0.060 a±0.003 0.062 a±0.002 

Nitrate nitrogen (mg l-1) 0.543 a±0.013 0.470b±0.017 0.475b±0.012 0.527a±0.013 

Orthophosphate (mg l-1) 0.093c±0.007 0.189 b±0.008 0.247 a±0.011 0.226 a±0.013 

* Values (mean ± S.E.) with same superscripts in a row do not differ significantly (P ≤ 0.05) 
 

Inclusion of GP in fish feed significantly improved the growth 

and survival of fish (Table 4). As compared to control (T0), 

34.94, 57.67 and 48.53% higher NWG and 17.09, 24.79 and 

21.37% higher SGR was recorded in fish fed with 1% (T1), 

2% (T2) and 3% (T3) GP supplemented feeds, respectively. 

The condition factor (K-value) of GP fed fish remained above 

1.0 at all GP inclusion levels (1-3%) and was comparable 

with control fish. Comparable FCR was recorded in all the 

treatments, which was however, slightly better in T1(1% GP) 

and T3 (3% GP) treatments, which can be attributed to 

significant differences among treatments with respect to fish 

size and total biomass (maximum in 2% GP treatment T2) 

thereof.  

 
Table 4: Growth performance and production of fish in different treatments 

 

Parameters 
Treatments 

T0 T1 T2 T3 

Initial TBL (cm) 9.67a±0.09* 9.65a±0.10 9.89a±0.25 9.50a±0.08 

Final TBL (cm) 19.68 d±0.16 21.67 c±0.09 23.49 a±0.20 22.63 b±0.10 

TBLG (cm) 10.01 12.01 (+18.31%)** 13.59 (+26.34%) 13.12 (+26.07%) 

Initial BW (g) 9.74 a±0.092 9.97 a±0.26 9.75 a±0.06 9.95 a±0.24 

Final BW (g) 89.44 d±0.56 117.52 c±1.33 135.42 a±1.45 128.33 b±0.97 

NWG (g) 79.70 107.55 (+34.94%) 125.67 (+57.67%) 118.38 (+48.53%) 

SGR (%) 1.17 d±0.01 1.37 c±0.02 (17.09%) 1.46 ab±0.0 (24.79%) 1.42 b±0.01 (21.37%) 

FCR 2.06 2.00 2.08 2.04 

K-value 1.18 ab±0.02 1.16 b±0.02 1.05 c±0.04 1.11 bc±0.02 

PER 1.92 1.93 1.82 1.88 

Survival 92.5 95 96.25 95.6 

Initial total fish biomass (g tank-1) 779.2 797.6 780 796 

Final total fish biomass (g tank-1) 6618.56 8931.52 10427.34 9753.08 

Net fish biomass harvested (g tank-1) 5839.36 8133.92 (39.29%) 9647.34 (65.21%) 8957.08 (53.39%) 

* Values (mean ± S .E.) with same superscripts in a row do not differ significantly (P ≤ 0.05) 

** Values in parenthesis indicate percentage (%) change over control 
 

Overall results with respect to effect of GP incorporated feeds 

on growth performance of L. rohita fingerlings in terms of 

NWG, SGR, K-value, FCR and PER, revealed that inclusion 

of dried GP improved fish growth performance significantly 

(P≤0.05) at all inclusion levels (1-3%), resulting in 39-65% 

higher fish biomass production, while best results were 

recorded at 2% inclusion level (T2). 

Growth promoting effect of garlic in L. rohita is attributed to 

its wholesome effect on immunity and cardiovascular system, 

besides having antimicrobial, antioxidant and immuno-

stimulating characteristics [3,4] contributed by its bioactive 

compounds, particularly the sulphur compounds like allin, 

allicin and diallyl sulphides. Further, garlic is also 

documented to improve feed intake and feed conversion 

efficiency leading to improved growth in fish [6]. Garlic 

extract is also known to scavenge free radicals [18, 19] and is 

reported to increase phagocytic activity in another Indian 

major carp, Cirrhinus mrigala (mrigal) [20]. 

Many previous reports have documented allicin to have a 

growth promoting immuno-stimulant effect in common carp 

(Cyprinus carpio), Nile tilapia (Oreochromis niloticus), 

rainbow trout (Oncorhynchus mykiss) and African catfish 

(Clarias gariepinus) [7, 8], but research reports with respect to 

growth promoting efficacy of garlic in rohu, L. rohita are not 

adequately available to formulate any recommendations. The 

only available report on L. rohita has documented GP 

supplementation to improve survival and health @ 0.1 and 

0.5% inclusion level [21]. 

Improved feed intake rates have been recorded in grass carp, 

Ctenopharyngodon idella, and common carp, C. carpio, fed 

with garlic residue premix in the feed @ 1% in a poly-culture 

system [22]. While, higher survival, growth, NWG and better 

FCR was recorded in common carp, C. carpio, fed with diets 

containing synthesized allicin and iodized allicin @ 100 mg 
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kg ˗1 feed (0.01%) [23] and garlic powder @ 1.5% [24]. Most 

recently, similar results were reported in common carp fed 

with garlic powder for 120 days, where 39.43% and 93.49% 

higher production over control was recorded at 1 and 2% 

inclusion levels, respectively [25]. However, in fingerlings of 

amur carp, C. Carpio haematopterus, dried garlic powder 

inclusion @ 1.5% has been reported to induce better growth 

in terms of SGR and NWG [26]. 

The proximate composition (flesh quality) of L. rohita 

fingerlings in terms of total protein, total lipids, total 

carbohydrates, ash and moisture content (Table 5) revealed 

that inclusion of GP in fish feed significantly improved the 

flesh quality of fish (P≤0.05). 

 
Table 5: Proximate composition of flesh (on wet weight basis) of L. rohita in different treatments 

 

Parameters 
Treatments 

T0 T1 T2 T3 

Total protein (g100g-1) 14.92d±0.15 17.49 c±0.06 20.83 a±0.13 19.42 b±0.03 

Total lipid (g100g-1) 1.26d±0.016 1.53c±0.019 2.13 b±0.027 2.37 a±0.121 

Total carbohydrates (g100g-1) 3.27a±0.032 2.58 b±0.034 1.55 d±0.025 1.84c±0.030 

Ash (g100g-1) 1.05c±0.031 1.29a±0.027 1.10 b±0.024 1.28 a±0.013 

Moisture (%) 78.92a±0.17 77.09 b±0.06 74.37 c±0.16 75.07 d±0.10 

*Values (mean ± S.E.) with same superscripts in a row do not differ significantly (P ≤ 0.05) 
 

Total protein and total lipid content in fish flesh increased 

significantly (P≤0.05) with increase in inclusion level of 

garlic powder (1-3%), whereas, total carbohydrates and 

moisture content decreased with increase in inclusion level. 

Ash content was significantly high in all the GP treatments as 

compared to control. The improved flesh quality of rohu in 

terms of higher protein content is attributed to biological 

activity of allicin that helps in more efficient assimilation of 

dietary proteins into the muscle. Despite many studies on the 

effects of garlic in aquaculture, little is known about its effect 

on flesh quality of carp fish. Earlier, significant increase in 

flesh protein content with significant decline in total lipid and 

ash content was recorded in Nile tilapia (O. niloticus) after 

feeding with garlic supplemented (GP@ 32g kg-1) diet [27]. In 

another study, garlic powder is reported to improve nutritional 

value of Mozambique tilapia (O. mossambicus) @ 10% 

inclusion level [28]. However, significantly higher protein and 

lipid retention efficiencies were observed in juvenile starlet 

sturgeon (Acipensar ruthenus) fed with diets supplemented 

with garlic extract @ 5g kg-1 diet (0.5%). Improved flesh 

quality has also been observed in Nile tilapia (O. niloticus) 

fed with garlic supplemented diets [29]. Whereas, in rainbow 

trout (O. mykiss), garlic supplementation @ 30g kg-1 feed, 

increased the crude protein and ash content in flesh with a 

significant decrease in lipid content [30]. The results are in 

agreement with recent findings, where garlic powder feeding 

@ 3% enhanced FCE, PER and apparent protein digestibility 

(APD), supporting more protein assimilation in an Indian 

major carp, C. mrigala [20]. Although, all studies confirm 

ability of garlic to improve growth and flesh quality in fish, 

the differences regarding optimum inclusion level of garlic is 

however, attributed to variations in respect to species, fish 

size, garlic form and experimental set up (duration and 

method of feeding). 

Feed cost increased with increase in inclusion level of GP in 

experimental feeds. The cost of 0% (T0), 1% (T1), 2% (T2) 

and 3% (T3) garlic powder supplemented feeds was Rs. 17.10, 

19.6, 22.1 and 24.6, respectively (Table 6). However, garlic 

powder inclusion resulted in 40, 65 and 54% higher fish 

biomass production in T1, T2 and T3 treatments, respectively. 

It not only compensated for higher feed cost, but also earned 

32.79, 44.54 and 26.13% additional income, respectively. The 

results indicate that garlic powder can be incorporated in 

rohu, fingerlings feed @ 20g kg-1 (2%) for higher production 

and improved flesh quality, without affecting survival of fish.  

 
Table 6: Comparative economics of different treatments with respect to feed cost and production 

 

Parameters 
Treatments 

T0 T1 T2 T3 

Fish production (kg tank-1)* 5.84 8.13 (40%)** 9.65 (65%) 8.94 (54%) 

Feed cost kg-1 feed (Rs.) 17.10 19.6 22.1 24.6 

Total feed cost tank-1 (Rs.) 205.74 319.27 443.61 448.61 

Total income (Fish sale @ Rs120 kg-1) 700 975.6 1158 1072 

Net income with respect to feed (Rs.) 494.26 656.33 714.39 623.39 

Additional net income over control (%) -- 32.79 44.54 26.13 

*Tank size 80m2 

**Values in parenthesis indicate percentage (%) change over control 
 

Conclusion  
The results of the present study indicate that dried garlic 

powder can be used as a growth promoting additive @ 2% in 

feed of L. rohita fingerling, for better survival, higher growth, 

improved flesh quality and enhanced profitability. Hence, 

garlic is anticipated to play an important role in enhancing 

productivity of carps.  
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