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Abstract The present study evaluated the effect of varying levels of garlic (Allium sativum)
inclusion on the growth, feed utilization and survival of red tilapia (Oreochromis sp.). One
hundred twenty red tilapias with initial average body weight of 7.36 ± 0.75 g were randomly
introduced into 12 aquaria in 4 groups with 10 fish per aquarium. Treatments were fed with
experimental diets for six weeks. The various levels of garlic powder (0, 1%, 1.5% and 2%)
was added to commercial diet. At the end of the experiment, growth, survival rates, and feed
utilization were evaluated. There was no significant difference in the growth of the fish. The
highest survival rate was recorded from 1.5% garlic supplementation that showed significant
difference compared to the control diet (P < 0.05). In terms of feed utilization, lowest feed
conversion ratio (FCR) was recorded from 1% garlic inclusion that showed significant
difference compared to the control diet (P < 0.05). This study showed that addition of 1% to 1.5%
garlic powder in the diet improved the feed utilization and survival rate of red tilapia.
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Introduction
Plants are indigenous and natural sources of safe and inexpensive
chemicals (Lee et al., 2012, 2014). There have been reports on the positive
effects of plants as feed additives in promoting growth, appetite stimulation,
anti-stress activities and disease resistance of the cultured organisms (Citarasu
et al., 2001, 2002; Sivaram et al., 2004). Garlic (Allium sativum) is one of the
good examples of these plant source-feed additives that has been reported to
have beneficial effect on growth promotion, digestion and flesh quality of the
cultured organism (Vampires et al., 2005; Tatara et al., 2008).
Garlic is a plant belonging family Liliaceae, that has been used as spice,
traditional medicine, and a functional food to enhance physical and mental
*

Corresponding Author: Samson, J. S.; Email: samsonjaypee@clsu.edu.ph

health (Lee et al., 2012, 2014; Saleh et al., 2015; Labrador et al., 2016). It
contains several minerals such as iron, magnesium, selenium, zinc, germanium,
copper and potassium. It is also found to be rich in phosphorus, carbohydrates,
calcium and generally, has a high nutritional significance (Saleh et al., 2015;
Labrador et al., 2016; Saghaei et al., 2015). Moreover, garlic contains several
important compounds including silicates, iodine and sulfur salts that has
positive influence in the skeletal and circulatory system, cholesterol and as well
as in the control of liver diseases (Labrador et al., 2016).
Antibiotics, hormones and other chemicals has been widely used to
enhance the resistance and growth of the cultured species by administering
them into the feeds given to the animals (Rico et al., 2013). However, the
practice of using these chemicals have been constrained because of their sideeffects in the environment and health safety concerns (Reverter et al., 2014).
Therefore, the use of plants such as garlic as replacement for these synthetic
chemicals for the promotion of growth, appetite stimulation and
immunostimulation in cultured species is one possible alternative as these
products are safer, cheap, effective, can be easily prepared and are
environmentally friendly (Syahidah et al., 2015).
In previous studies, garlic and other plants extracts have been found to
improve the growth performance, survival rate and immune response of aquatic
animals such as Litopenaeus vannamei (Javadzadeh et al., 2002; Zare et al.,
2014; Gol Aghaei et al., 2016), Lates calcarifer (Talpur and Ikhwanuddin,
2012), Poecilia sphenops (Pour et al., 2014), Clarias gariepinus (Nwabueze,
2012), Oreochromis niloticus (Aly et al., 2008), Acipenser ruthenus (Lee et al.,
2012, 2014), Huso huso (Tangestani et al., 2011; Nobahar et al., 2014; Akrami
et al., 2015), Mugil cephalus (Akbary et al., 2016) Cyprinus carpio
haematopterus (Chesti and Chauhan, 2018) Oncorhynchus mykiss
(Büyükdeveci et al., 2018).
In this study, the effect of different levels of garlic powder in the growth,
feed utilization and survival of the red tilapia were evaluated. It is important to
know the optimum level of garlic inclusion in the diet of red tilapia since it
differs from species to species.
Materials and Methods
Red tilapia with an initial average body weight (ABW) of 7.36 ± 0.75 g
were used in the experiment, with stocking rate of 10 fish per aquarium. All
fish were fed with experimental diets for 6 weeks with initial feeding rate of 5%
of their body weight. Sampling was done once every two weeks to measure
their weight and adjust the feeding rate.
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This study was randomly designed using four treatments with three
replications. Commercially-available diet (35% protein, 4% fat) was used as
the control for the experiment. Commercial diet was added with 0 (Control) 1,
1.5 and 2% garlic powder and water (200 mL kg-1) (Cho and Lee, 2012).
Mixtures were mixed thoroughly and dried at room temperature before storing
at -20 °C.
Growth, survival and feed utilization parameters such as specific growth
rate (SGR) and relative growth rate (RGR), weight gain (WG), survival rate,
and feed conversion ratio (FCR) were calculated are as follows:
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All data were subjected to one-way analysis of variance (ANOVA)
follo ed y Duncan’s es a a s n can le el o P < 0.05.
Results
The ABW, SGR, RGR, WG and FCR of the experimental fish were
computed after the feeding experiment and are shown in Table 1. No
Significant differences were observed in the ABW, SGR, RGR and WG among
the treatments. On the other hand, groups fed with 1% garlic inclusion showed
significantly lower (P < 0.05) FCR of 1.19 ± 0.16 compared to 2% inclusion
and Control with 1.81 ±0.05 and 1.92 ±0.24%, respectively.
The survival rate of each treatment was computed at the end experiment.
Garlic inclusion of 1.5% has the highest recorded survival rate among the
treatments with 60.00 ± 10.00 %, which is significantly different compared to
the Control that has the lowest survival of 20.00 ± 0.00 %.
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Table 1. Growth indices, feed utilization and survival rate (Mean ± SD) (n=3)
of the experimental fish
Treatments
Control
1%
1.5%
2%
ABW (g)
15.42 ±2.54c
16.97 ±0.95c
15.21 ±2.59c
14.99 ±2.78c
SGR (%)
1.35 ±0.16a
1.72 ±0.24a
1.52 ±0.36a
1.49 ±0.14a
a
a
a
RGR (%)
96.96 ±16.01
137.02 ±29.31
116.16 ±41.11
110.78 ±14.61a
a
a
a
WG (g)
7.62 ±1.81
9.77 ±1.40
7.88 ±0.45
7.87 ±1.72a
FCR
1.92 ±0.24a
1.19 ±0.16b
1.38 ±0.33ab
1.81 ±0.05a
b
ab
a
SR%
20.00 ±0.00
46.67 ±15.28
60.00 ±10.00
43.33 ±20.82ab
Means in rows with the same letter are not significantly different at P < 0.05.

Discussion
Due to the emergence of antibiotic resistance pathogens in aquaculture,
the use of plant origin growth enhancers and immunostimulants has been in an
increasing trend (Citarasu et al., 1998). Several studies noted the positive effect
of garlic inclusion in the diet of aquatic animals including; Litopenaeus
vannamei (Javadzadeh et al., 2002; Zare et al., 2014; Gol Aghaei et al., 2016),
Lates calcarifer (Talpur and Ikhwanuddin, 2012), Poecilia sphenops (Pour et
al., 2014), Clarias gariepinus (Nwabueze, 2012), Oreochromis niloticus (Aly
et al., 2008), Acipenser ruthenus (Lee et al., 2012, 2014), Huso huso
(Tangestani et al., 2011; Nobahar et al., 2014; Akrami et al., 2015), Mugil
cephalus (Akbary et al., 2016) Cyprinus carpio haematopterus (Chesti and
Chauhan, 2018) Oncorhynchus mykiss (Büyükdeveci et al., 2018).
In the present study, there are no significant effects noted in the growth
performance of the red tilapia with the inclusion of different concentrations of
garlic in their diet. The final length and weight of the experimental fish were
not improved by garlic supplementation in feeds. The result concurs with the
report of Fall and Ndong (2007), where they observe no significant increase in
the growth of hybrid tilapia (Oreochromis niloticus × Oreochromis aureus) fed
with garlic supplemented feed for 4 weeks. In addition, Sahu et al. (2007),
Thanikachalam et al. (2010), Nobahar et al. (2014) and Pashaki et al. (2018)
also observed no significant effects on growth parameters of Labeo rohita,
Clarias gariepinus, Huso huso and Cyprinus carpio after adding different
levels of garlic in their diets. Furthemore, Aly et al. (2008) and Aly and
Mohamed (2010), also studied the growth performance of Nile tilapia by
adding different concentrations of garlic in their diet (10 and 20 g kg-1), and
found no significant increase in the growth of the fish after 1 or 2 months of
application, but after 8 months significant increase in the growth parameters
were observed. The period of application and administration of garlic to the fish
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is a possible factor to consider why there are no significant effects in growth
were observe. In this study, the duration of the administration may not be
enough to observe the possible effect of the garlic in the growth of the red
tilapia.
In this study, significant result was observed in the feed utilization of the
experimental fish. Significantly lower FCR was observed from 1% garlic
inclusion. The result coincides with the report of Pashaki et al. (2018) where
they observed significantly better FCR while no significant effect observed
from the growth from Cyprinus carpio fingerlings fed with garlic extractsupplemented diet. Better feed utilization of the experimental fish fed with 1%
garlic powder can be attributed to the presence of allicin in garlic, which
stimulates intestinal flora, leading to better digestion and utilization of energy
that can result to improved growth (Khalil et al., 2001). Furthermore, it was
observed in this study that increasing garlic inclusion in the diet also result to
increasing FCR values. The increasing values of FCR can be a result of lower
feed intake, due to the pungent smell of garlic which can affect the palatability
of the feeds especially at high rates of inclusions. In addition, high amounts of
garlic inclusions may not improve fish growth; instead, it can be harmful to the
health of the fish due to excessive amount of alkyl sulfide that enters the
intestine, interfering with metabolism and suppressing mitosis, resulting in poor
growth or even mortality (Erguig et al., 2015).
The survival rates obtained in all treatments are noticeably low.
Mortalities of the experimental fish started during the third and fourth week of
the experiment. As an observation, some experimental fish are gliding their
bodies along the sides and bottom of the aquarium. It is possible that during the
experiment, the fish acquired bacterial disease which is one possible reason
why the survival rates in all treatments are low. Aside from that, the level of
oxygen throughout the experiment ranged only from 2.4 to 3 mg/L which is
lower than the required dissolved oxygen level of at least 5 mg/L. Given those
circumstances, higher survival rates were observed in treatments with garlic
inclusions. Treatment with 1.5% garlic powder showed significantly higher
survival rate compared to the Control group. Several studies reported that the
inclusion of garlic in the diet of the cultured animals including Penaeus
monodon (Citarasu et al., 2002), Oreochromis niloticus (Aly et al., 2008),
Clarias gariepinus (Thanikachalam et al., 2010), P. vannamei (Zare et al., 2014)
and Carassius auratus (Dadgar et al., 2019). Higher survival rates of garlic
powder-supplemented treatments may be a result of the the stimulatory effect
of garlic on the immune system, which enhances the immune response of the
fish (Aly et al., 2008). Consumption of garlic results to immune stimulation and
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increase in fish resistance due to the presence of compounds such as vitamin A,
vitamin C, and allicin (Khodadadi et al., 2013).
It was concluded that based on the results obtained from the study,
inclusion of garlic powder in the diet of red tilapia at 1-1.5%, improved the feed
utilization and the survival of the fish. Therefore, addition of garlic in the diet
of red tilapia is a possible alternative rather than using synthetic or chemical
supplements to improve the growth, feed utilization and survival of the fish.
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