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ABSTRACT : This study was carried out to investigate the supplemental effects of dietary garlic extract (GE) on growth performance
of juvenile sterlet sturgeon (Acipenser ruthenus). The first experiment was designed to determine the optimum levels of garlic extract as
growth promoter during 10 weeks. Three groups (two replicates/group) of 240 fish with mean body weight of 85 g were fed with diets
containing 0 (control), 0.5 and 1.0% of GE. The highest weight gain (%) and feed efficiency (%) were found in fish groups fed with diet
containing 0.5% GE. Subsequently, the supplemental effects of dietary GE was studied on growth of juvenile sterlet sturgeon (Acipenser
ruthenus) with an average body weight of 59.6 g. Fish cultured in freshwater were randomly allotted to each of 10 tanks (two groups of
five replicates, 20 fish/tank) and fed diets with 0.5% GE or without GE (control), respectively, at the level of 2.0% of fish body weight
per day for 5 weeks. Weight gain (51.1%), feed efficiency (79.1%), specific growth rate (1.18%) and protein efficiency ratio (1.50) of
fish fed 0.5% GE were significantly (p<0.05) higher than those fish fed the control diet. Significantly higher protein (PRE 20.4%) and
lipid retention efficiencies (LRE, 74.5%) were also found in 0.5% GE group (p<0.05). The present results suggested that dietary GE
could improve growth and feed utilization of juvenile sterlet sturgeons. (Key Words : Acipenser ruthenus, Feed Utilization, Garlic

Extract, Growth)

INTRODUCTION

Hormones, antibiotics and several other chemicals have
been tested as growth promoters, antibacterial and for other
purposes in aquatic animals (Jayaprakas and Sambhu, 1996;
Masahiro, 1999), but their use in aquatic animal production
cannot be recommended due to the residual effects in the
muscle of fish as well as prawns. Plants are natural sources
of safer and cheaper chemicals. Plant products have been
reported to promote various activities like antistress, growth
promotion, appetite stimulation and immunostimulation in
aquaculture practices (Citarasu et al., 2001, 2002; Sivaram
et al., 2004).

Garlic (Allium sativum) is a perennial bulb-forming
plant that belongs to the genus Allium in the family
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Liliaceae, which has been used for centuries as a flavouring
agent, traditional medicine, and a functional food to
enhance physical and mental health. Garlic was studied in
different forms of extracts: aqueous, ethanol and dried
powder (Shin and Kim, 2004). It contains a variety of
organosulfur compounds such as allicin, ajoene,
S-allylcysteine,  diallyl  disulfide, S-methylcysteine
sulfoxide and S-allylcysteine (Chi et al., 1982). Studies on
garlic as an alternative of growth promoter in livestock
production were conducted and its beneficial effects on
growth, digestibility and carcass traits have been reported
(Bampids et al., 2005; Tatara et al., 2008). Dietary garlic as
a growth promoter in Nile tilapia (Oreochromis niloticus)
improved body weight gain, feed intake and feed efficiency
(Diab et al., 2002; Shalaby et al., 2006).

In Korea, sturgeon aquaculture has begun in 1996 with
the main species for sterlet sturgeon (Acipenser ruthenus),
Siberian (A. baeri), Russian (A. gueldenstaedti), Stellate (A.
stellatus) and hybrid called bester (beluga femalexsterlet
male). The sterlet is freshwater species which very rarely
ascends the brackish water of rivers (Krayushina, 2006).
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Although sterlet sturgeon is known to be relatively easy to
rear, its growth rate is slow reaching 50 g in the first year,
300 g in second year and 1 kg in the third year in pond
farming condition (Hochleithner and Gessner, 1999).

Until now, no trial has been conducted to study the
effect of dietary garlic extract on growth of sterlet sturgeon.
This study was therefore designed to investigate the optimal
level of dietary garlic extract and its effect on growth
performance.

MATERIALS AND METHODS

Preparation of garlic extract

Two kg of garlic (Allium satium) powders obtained from
the local market in Gyeonggi Province, Korea were left
during 48 h in 99% ethanol 20 L (10% w/v) at room
temperature (20+2°C), and the resulting extract was
concentrated to 300 ml using rotary evaporator (DPE 1210
NE Series, EYELA. Japan), giving the extract of 6.7 g of
garlic powder/ml. This extract was sprayed on the diet after
dilution in 300 ml of distilled water.

Experimental design and diets

Juvenile sterlet sturgeons (Acipenser ruthenus) were
obtained from Gyeonggi Province Freshwater Fisheries
Research Institute, Gyeonggido, Korea. The first
experiment was designed to determine the optimum levels
of garlic extract as growth promoter. Three groups (two
replicates/ group) of 240 fish of a mean body weight of 85 g
selected among 5,000 fish were randomly allotted to each of
6 tanks (1.5x1.5x0.6 m). The feeding experiment lasted 10
wk and was conducted in semi-recirculation freshwater
system where water temperature and dissolved oxygen were
maintained at 18+1°C and >6 mg O./L, respectively. Flow
rate was held at 8 L/min. A commercial extruded pellet of
2.2 mm size (Cargil Agri Purina Inc., Korea) was employed
as the experimental diet. The analyzed composition was as
follows: moisture 7.1%, crude protein 47.6%, crude fat
9.4% and crude ash 10.4%. The diets were prepared to
contain 0% GE (Control diet), 0.5% GE (diet 20 kg+100 ml
garlic extract+300 ml distilled water), 1.0% GE(diet 20 kg

+200 ml garlic extract+300 ml distilled water) garlic extract.

The mixture of garlic extract and distilled water was
sprayed on the experimental diets, which were then dried in
a dryer (GCT-1040R-4G, Fresh and Cool Technology Ltd.,
Korea) at 30°C for 48 h in order to volatilize remaining
ethanol. Diets at the level of 4% body weight/d were
supplied three times daily at 08:00 h, 13:00 h and 18:00 h,
respectively. All diets were stored in air-tight containers at
-20°C until used.

The second trial was carried out to investigate the
supplemental effect of dietary garlic extract on growth of
juvenile sterlet sturgeon with average body weight 59.6 g.
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Two hundred fish selected from a stock of 2,000 fish were
randomly allotted to each of 10 tanks (two groups of five
replicates, 20 fish/tank). Fish were cultured in semi-
recirculation freshwater system. Water temperature and
dissolved oxygen levels were kept at 22+1°C and
>6 mg O, /L, respectively. Flow rate was adjusted at a
minimum of 3 L/min. A commercial extruded pellet of 1.7
mm size (Cargil Agri Purina Inc., Korea) was used as the
experimental diet. The diet was chemically analyzed to
contain moisture 9.2%, crude protein 47.8%, crude fat 8.9%
and crude ash 8.8% (As-is basis). GE diet was prepared
using the same method as first experiment of which
chemical composition was analyzed to be same
(moisture 9.6%, crude protein 47.6%, crude fat 8.7% and
crude ash 8.8%). Five replicate groups of fish were fed diet
with (GE) or without (CD) garlic extract, respectively by
hand at the rate of 2% of fish body weight per day at 08:00
h, 13:00 h and 18:00 h, respectively for 5 wk. For both first
and second experiments, all fish were individually weighed
to ensure a homogeneous sampling at the beginning of the
experiment and this process was repeated every second
week.

Sample collection and analysis

At the end of the first and second feeding trials, fish
were anesthetized with AQUES (Handong Co. Ltd., Korea)
and individually weighed and counted for calculation of
weight gain (WG), feed efficiency (FE), specific growth
rate (SGR), protein efficiency ratio (PER) and survival rate.
In second trial, fifteen fish (three fish per tank) from each
group were selected at equivalent weight to analyze whole-
body proximate. And five fish (one fish per tank) from each
group were selected at equivalent weight to determine
hepatosomatic index (HSI) and condition factor (CF).
Chemical analyses of diets and fish whole body were
performed by the standard procedure of AOAC (1995) for
moisture, crude protein and crude ash. Crude lipid was
determined using the Soxtec system 1046 (Tecator AB,
Sweden) after freeze-drying the samples for 12 h.

Statistical analysis

Data of Exp. 1 (final weight, WG, FE and SGR) and
Exp. 2 (final weight, WG, FE, SGR, PER, proximate
composition and retention efficiency) were analyzed using
one-way analysis of variance (ANOVA) and significant
differences among treatment means were compared using
Duncan’s multiple range test (Duncan, 1955). Significance
was tested at 5% level and all statistical analyses were
carried out using the SPSS Version 10 (SPSS, Michigan
Avenue, Chicago, IL, USA). Statistical analysis among
individuals having single value without replicate within
group, such as HSI and CF levels of significant, were
evaluated by the Wilcoxon test and Friedman test
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Table 1. Growth performance of juvenile sterlet sturgeon fed diets with or without garlic extracts (GE) for 10 wk!

Experimental groups

Item

Control 0.5% GE 1% GE
Initial weight (g/fish) 85.240.79 85.240.75 85.240.72
p-value? 0.72 0.56 0.61
Final weight (g/fish) 246.0+6.48° 264.36.35° 258.9+5.01°
p-value® 0.32 0.27 0.41
WG (%)* 188.5+2.01° 210.0+1.77° 205.3+4.53°
FE (%)° 85.7+0.81° 97.440.78° 97.042.14°
SGR (%)° 1.51+0.02° 1.62+0.01° 1.59+0.01°
HSI” (n =5) 2.0410.06° 2.58+0.13° 2.6340.12°
CF¥(n=5) 1.74+0.07° 1.85+0.21° 1.78+0.06"
Survival (%) 100 100 100

! Values (means+SD) were calculated from each of 80 fish per group. Means with different superscripts in the same row are significantly different

(p<0.05).

23 In each experimental replicate, 40 data were used. p>0.05 was considered to be statistically homogeneous samples between replicates.

4 Weight gain (%) = (final weight (g)-initial weight (g))x100/initial weight (g).

® Feed efficiency (%) = wet weight gain (g)x100/feed intake (g, DM).

® Specific growth rate = (Ln final weight (g)-Ln initial weight (g))/experimental days.

" Hepatosomatic index (%) = live liver weight (g)x100/body weight (g).
8 Condition factor = (fish weight (g)/fish length (cm)®)x100.

(Zimmerman and Zumbo, 1993). Statistical significance of
the differences was determined by a significant level of 5%
(p<0.05).

RESULTS

Growth performance

In the first trial, fish groups fed diet with garlic extract
(GE) exhibited significant improvement in body weight,
weight gain, feed efficiency and condition factor as
compared to those fed with control diet for 10 wk (Table 1).
No mortality was recorded in all fish groups during the
experimental period. Final fish weight was highest in fish
fed 0.5% GE (264 g), while the lowest (246 g) was found in
fish fed control diet, showing weight gain (WG) of 210%
and 1889%, respectively. Feed efficiency (FE) ranged from
79.7% (control) to 88.7% (0.5% GE). Even though WG and
FE of fish fed 1.0% GE were slightly lower than those of
fish fed 0.5% GE, those were not significantly different
(p>0.05) from each other. The highest hepatosomatic index
(HSI) of 2.63% was obtained in fish fed 1.0% GE, while
control group showed the lowest value of 2.04%. Condition
factor (CF) was highest (1.85%) in 0.5% GE group which
was significantly different (p<0.05) from the other two
groups. No significant differences were found between two
replicates of each experimental group.

Results of growth performance of sterlet sturgeon fed
two experimental diets for 5 wk in second experiment are
summarized in Table 2. No mortality was recorded in all
fish groups during the experimental periods. At the end of
the experiment, fish fed 0.5% GE showed final weight

higher than those fed control diet. An improved specific
growth rate (SGR) was obtained in fish fed 0.5% GE
(1.18%) compared to control group (1.09%). FE was 66.9%

Table 2. Growth performance of juvenile sterlet sturgeon fed diets
with or without garlic extracts (GE) for 5 wk®

Experimental groups

Item

Control 0.5% GE
Initial weight (g/fish) 59.840.43 60.2+0.63
p-value? 0.99 0.95
Final weight (g/fish) 85.6+2.12 91.4+1.93*
p-value® 0.85 0.99
WG (%)* 46.4+3.61 51.1+1.09*
FE (%)° 66.9+4.48 79.1+1.59*
SGR (%)° 1.09+0.07 1.18+0.02*
PER’ 1.27+0.08 1.50+0.03*
HSI® (n =5) 2.09+0.19 2.2740.20
CF® (n=5) 1.2740.06 1.34+0.03*
Survival (%) 100 100

! Values are means+SE of five replicates for each of two fish groups.
Means with the asterisk* in the same row are significantly different
(p<0.05) between two groups.

23 In each experimental replicates, 20 data were used. p>0.05 was
considered to be statistically homogeneous samples between replicates.

* Weight gain (%) = (final weight (g)-initial weight (g))x100/initial
weight.

® Feed efficiency (%) = wet weight gain (g)x100/feed intake (g, DM).

® Specific growth rate = (Ln final weight (g)-Ln initial weight
(9))/experimental days.

" Protein efficiency ratio = wet weight gain (g)/protein intake.

® Hepatosomatic index = liver weight (g)x100/body weight (g).

® Condition factor = (fish weight (g)/fish length (cm)®)x100.
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for control and 76.9% for 0.5% GE group. Protein
efficiency ratio (PER) was higher (1.50) in 0.5% GE group
than in control (1.27). Higher CF was also found in 0.5%
GE group (1.34). All these parameters were significantly
different (p<0.05) between two groups. However, HSI was
not significantly different (p>0.05) between two groups. No
significant differences were found among five replicates of
each experimental group.

Whole body proximate compositions

The whole body proximate composition of initial and
final sturgeon fed diets with or without garlic extract during
5 wk is shown Table 3. At the beginning and end of feeding
trials, three fish per replicate (five replicates per initial and
each final group, respectively) were selected in order to
analyze whole body composition. Moisture content was
decreased from 77.5% to 77.2% for two fish groups, which
was however not significantly different (p>0.05). While
protein slightly decreased from 13.8% to 13.1% whereas,
lipid greatly increased from 4.8% to 5.4% and 6.1% for
control and 0.5% GE, respectively. However, a significant
different was not observed (p>0.05) between initial and
control groups. Ash was significantly lower (p<0.05) in
0.5% GE compared to those in initial and control groups.
Based on nutrient gain and dry nutrient intake (Kim and
Shin, 2006), protein (PRE) and lipid (LRE) retention
efficiencies (%) were calculated for two experimental
groups (Table 3). PRE was slightly higher in fish fed 0.5%
GE (20.4%) than in fish fed control (18.1%) diet, while
LRE was much higher in the former (74.5%) than in the
latter (46.6%) group. A significant difference (p<0.05) in
both PRE and LRE was found between two groups.

DISCUSSION

There is no standard practical grow-out diet for sturgeon.
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In Korea, only few diets have been used by fish farmers but
these diets are still under research and development. Also,
most sturgeon farmers in Korea use diets commercially
available, particularly those for salmonid and Korean rock
fish. Hung et al. (1998) fed 72 g white sturgeon one of
seven commercial salmonid diets or a purified diet for 8 wk.
These diets contained 5.9 to 8.3% moisture, 31.5 to 51.4%
crude protein, 7.6 to 19.4% lipid and 3.8 to 11.7% ash and
diet proximate composition of the best growth and feed
efficiency was 4.5% moisture, 51.4% crude protein, 18.0%
lipid and 11.7% ash. Nutritional needs for sterlet sturgeon
still remain to be elucidated. Control diet used in the present
study was a commercial diet for Korean rock fish which
contained moisture of 9.2%, crude protein of 52.6%, crude
fat of 9.7% and crude ash of 9.7%. This diet had lower
crude lipid (5 to 8%) than that of salmonid diet (15 to 18%,
Cargil Agri Purina, Inc.) manufactured in Korea.
Nevertheless, the reason that we employed this diet in the
study was to prevent high mortality due to increased disease
outbreak. In the light of past 12 years culture experience for
sterlet sturgeon, high mortality occurred when salmonid
diets were fed. Therefore, the aim of this study was to
investigate if the sturgeon could exert any improvement on
growth and feed utilization when garlic extract was added
into the commercial diet for rock fish.

Various extracts from herbs and spices are reported to
improve animal performance by stimulating action on gut
secretions or by having a direct bactericidal effect on gut
microflora and furthermore the herbals active principles in
the diets induce the secretion of the digestive enzyme and
the growth promoter in herbs induced high protein synthesis
(Citarasu, 2010). Garlic is an important medicinal herb
extensively cultivated in many countries and has played an
important dietary function as well as medicinal role for
centuries. There is a lot of anecdotal evidence about the use
and effectiveness of garlic for fish. Much of this is positive,

Table 3. Proximate composition (%, as-is basis) of whole body and protein and lipid retention efficiencies of juvenile sterlet sturgeon fed

diets with or without garlic extracts (GE) for 5 wk'

Experimental groups

Item "
Initial Control 0.5% GE
Proximate composition (%)
Moisture 77.5+0.312 77.2+0.24° 77.2+0.23°
Crude protein 13.840.14% 13.140.24° 13.1+0.25°
Crude lipid 4.8+0.39" 5.4+0.39" 6.1+0.32°
Crude ash 2.940.112 3.0+0.13° 2.5+0.23"
Retention efficiency (%)
PRE (%)° - 18.1+0.32 20.4+1.38*
LRE (%)® - 46.6+1.47 74.5+1.14*

* Values are means+SE of five replicates with 3 determinations per replicate for initial and each final group. Means with different superscripts in the same
row are significantly different (p<0.05). Means with the asterisk* in same row are significantly different (p< 0.05) between two experimental groups.
2 protein retention efficiency (%) = Body protein gain (g)/dry protein intake (g)x100.

® Lipid retention efficiency (%) = Body lipid gain (g)/dry lipid intake (g)x100.
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but there are also negative anecdotal reviews of the use of
garlic. Garlic is used as food for humans as well as some
animals and as remedy for several diseases, as reported in
folk medicine (Shalaby et al., 2006). Several herbs such as
garlic, onion, marjoram, caraway, basil, anise, fennel,
licorice, black seed and fenugreek have been tested for
growth promoting activities (Jayaprakas and Eupharsia
1996; Citarasu et al., 2002; Sivaram et al., 2004), feed
conversion (Shalaby et al., 2003; El-Darkar et al., 2004a,b;
Shalaby, 2004), and improvement of protein digestibility
and energy retention (El-Dakar et al., 2004a,b) in aquatic
animals.

The addition of the garlic extract showed a significant
improvement in weight gain and feed efficiency of sterlet
sturgeon in 10 wk trial (Table 1). However, those
parameters were not significantly different between 0.5 and
1% GE groups, while condition factor was highest in 0.5%
GE group among treatments. From these results, it was
concluded that the addition of 0.5% GE to commercial diet
was optimal for growth performance of sterlet sturgeon. In
second trial, fish were fed diets with (0.5% GE) and without
GE for 5 wk. In all parameters investigated, fish fed diet
0.5% GE showed a significant improvement (Table 2). In
agreement with the present results, Shalaby et al. (2006)
reported significant increased weight gain, feed efficiency,
protein efficiency ratio (PER) and specific growth rate
(SGR) in Nile tilapia which were fed diet containing garlic
powder of 30.0 g/kg diet. Similarly, Diab et al. (2002)
mentioned feeding diet with 2.5% garlic/kg diet resulted in
the highest growth performance in O. niloticus. In the same
species, Abou-Zeid (2002) found a positive improvement in
biomass and specific growth rate with garlic
supplementation. Metwally (2009) also mentioned that the
best performance was obtained in Nile tilapia fed diet with
garlic powder of 32 g/kg diet. A significant increase in
growth, feed conversion and protein efficiency was shown
in rainbow trout when fed diet with 1.0% garlic (Nya and
Austin, 2009).

Protein efficiency ratio and feed efficiency are utilized
as quality indicator for fish diet and its amino acid balance.
Therefore, these factors are used to evaluate protein
utilization and turnover (Shalaby et al., 2006). The present
results are also in agreement with those obtained by Khattab
et al. (2004) who found that the diet of Biogen® increased
feed intake, feed conversion ratio (FCR) and PER in fish. In
contrast to these results, Sahu et al. (2007) reported that
SGR and FCR in fish (Labeo rohita) fed with 0.5, 1% garlic
powder/kg diet was not significantly different as compared
with those of the control. In livestock, a few research
suggested that garlic did not affect growth performance
(Horton et al., 1991; Freitas et al., 2001; Bampidis et al.,
2005) because the pungent smell which may lead to lower
diet palatability.
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In the present study, HSI was higher in fish fed 0.5%
garlic extract than in control. HSI provides an indication on
status of energy reserve in an animal. In a poor environment,
fish usually have a smaller liver (with less energy reserved
in the liver). In crustacea, relative weight of hepatopancreas,
which plays a key role in food assimilation (Dhall and
Moriaty, 1984) probably manifests the provision for energy
utilization for growth and metabolism. Sagi and Ra’anan
(1988) found that the relative size of hepatopancreas was
highly correlated with the morphotypic stage of
development and its relative energy expenditure in growth
and sexual activity. Also, Cohen et al. (1981) and Sagi and
Ra’anan (1988) suggested that cause of lower HSI retarded
growth of prawn.

Kamruzzaman, et al. (2011) reported that nitrogen (N)
retention is considered as an important index of protein
status in ruminants and N digestibility, N absorption and N
retention were numerically higher in GS-diet with garlic
stem and leaf silage than hay-diet, although N intake was
similar. Probably, due to nature of the plants and plenty of
bioactive components present in garlic, these parameters
might have a positive impact on N balance by influencing
microbial proteolytic activities of rumen fluid in sheep and
fed with GS-diet. Oi et al. (2001) reported that protein
anabolism occurs in rats fed the high protein diet
supplemented with garlic. Wanapat et al. (2008) found
significantly higher digestibility, absorption and retention of
N in garlic powder supplemented groups compared to
control group. Our present finding also accords with these
results that juvenile sterlet sturgeon fed diet with garlic
extract has higher N utilization (PRE, %) than control group.

Dietary lipids are important nutrients affecting energy
production in most of fish and essential for growth and
development. But, fish are known to utilize protein
preferentially to lipid or carbohydrate as an energy source.
Lipids are stored in several tissues at high levels in sturgeon.
Sturgeon may have muscle lipid content as high or higher
than that of other fish that are considered fatty, such as
salmon and mackerel (Krzynowek and Murphy, 1987).
Sturgeon fed high lipid diets preferentially deposits lipid in
the liver and the digestive tract rather than in muscle
(Decker et al., 1991). In present study, lipid in whole body
composition of juvenile sterlet sturgeon was greatly
increased from 4.8% for initial to 5.4% and 6.1% for
control and 0.5% GE group, respectively. Dietary garlic
extract might result in excessive lipid aggregation in whole
body because increase in protein utilization for fish fed GE
diet could reduce role of lipid as an energy source for
growth, so deposition of lipid was higher in GE group than
in control. Although there is constant controversy
concerning the effect of garlic as growth promoter for fish,
the present results suggest that dietary garlic for juvenile
sterlet sturgeon (60 to 250 g) could positively affect growth
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performance and feed utilization.
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