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Abstract In this research, dietary effect of garlic powder on growth parameters, carcass
composition, some blood indices, and disease resistance against Yersinia ruckeri was studied
in brown trout (Salmo caspius). Two hundred forty juvenile brown trout with mean initial
weight of 19.94 + 1.10 g were divided into 12 tanks (20 juveniles per each tank). Treatments
prepared based on different levels of garlic led to four experimental diets including 0 (control),
10, 20, and 30 g/kg garlic powder and were used for 6 weeks. Fish fed 20 g/kg garlic had
higher value (P < 0.05) of body weight increasing and specific growth rate than those with
other experimental diets. Addition of 30 g/kg garlic led to significant increase in body protein
while body fat decreased numerically in 30 g/kg garlic when compared to control diet. Results
of blood factors showed that Hb, Hct, WBC, RBC, MCV, MCH, and MCHC did not change
by addition of garlic (P > 0.05). Lysozyme activity was improved by increasing the level of
garlic in diet (30 g/kg); meanwhile, the use of 20 g/kg garlic caused the highest total protein
value. Fish fed diet containing garlic showed higher survival rate against Y. ruckeri than that of
control fish. Garlic powder is severely advised according to these results of improving growth,
serum factors, and resistance against Y. ruckeri.
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Introduction

Medicine and antibiotics which are used to eliminate disease in aquatic animal have destructive
impact on environment and ecosystems considering aquaculture development. Moreover,
antibiotic utilization cause survival and increase the resistance of pathogen and eventually
inactivate the antibiotic effect on pathogen (Diab et al. 2002). Using some pharmaceutical
plants as a replacement for antibiotics have some advantages than that of chemical material
including reduced costs and infection and more immunological effect due to having plant
nature (Khodadadi et al. 2013). Garlic (Allium sativum) is a plant with antibiotic effect (Pour
et al. 2014) that increases macrophage and the other immune cell in animal body (Khodadadi
et al. 2013). Garlic acts as an immune stimulant and disease control in aquatic organism and
improves feeding indices and body chemical composition (Diab et al. 2008; Janz et al. 2007,
Shalaby et al. 2006; Demir et al. 2003). Garlic caused enhancement of lysozyme activity in
hybrid tilapia (Oreochromis niloticus x Oreochromis aureus) (Ndong and Fall 2011). Allicin is
a sulfur compound which has an important role as antibacterial, antifungal, and antioxidant
material. Furthermore, amino acids, minerals, vitamins, and flavonoids are the other com-
pounds in garlic (Lanzotti 2006; Crozo-Martinez et al. 2007). Brown trout (Salmo caspius)
belongs to the salmonid family which is important because of pleasurable meat, economic
value, and stock preservation. Salmo caspius is an anadromous species which migrates up to
the river for spawning but lives in the Caspian Sea (Askarifar et al. 2015). Yersinia ruckeri is a
common bacterium that infects the salmonid family, and antibiotics are used to control the
disease. The antibacterial property of 1 mg allicin has been reported equal to that of 15 TU
penicillin (Khodadadi et al. 2013). On the other hand, garlic improves growth and food
conversion ratio by stimulating appetite (Abd-El Allatif and Ebraheem 1996; Metwally
2009). A study was conducted to clear the garlic performance from the immune system and
influence of garlic powder in S. caspius considering the positive effect of garlic on feed
utilization and immunological improvement.

Materials and methods
Fish preparation and treatment

Juvenile brown trout with initial mean weight of 19.94 = 1.10 g were obtained from an institute
rearing brown trout in Tonekabon (Iran) and transferred to Sari Agriculture Science and
Natural Resources University, Iran. The fish were fed with commercial feed (GFTI,
MANAQUA, Mazandaran, Iran) for 2 weeks for adaptation. Physical observations and
bacteriology were used to ensure that healthy fish were used in this experiment (Adel et al.
2016). Afterward, 240 of the brown trout were distributed into 12 polyethylene tanks (20
juveniles in each tank) with 250 L of water preservation volume. Different treatments were
based on garlic level in diet that included four diets, 0, 10, 20, and 30 g/kg garlic (Farahi et al.
2010). The fish were fed manually to apparent satiation level two times daily at 09.00 and
18.00 h during 6 weeks of trial. Photoperiod was the same for all treatments, 12 h light/12 h
darkness. The water parameters were measured weekly to control the water quality which was
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DO 7.66 + 0.25 mg L', NO,* 0.15 mg L', pH 7.42 = 0.1, salinity 0.4 ppt, electrical
conductivity 598.13 + 12.8 pus cm ', and water temperature 14.15 + 0.27 °C during the
experiment. Continuous aeration was provided to each tank through an air stone connected to a
central air compressor.

Experimental diet

Garlic bulbs were obtained from local market crushed and well-dried in an oven at a
maximum temperature of 50 °C and were turned to garlic powder. Commercial food
of rainbow trout (GFT1) were purchased from the aquatic food company of Sari
(MANAQUA, Iran) and crunched in grinder (MULINEX 30214). The commercial
food was mixed with garlic powder in doses of 0, 1, 2, and 3 g/kg feed and then
pelletized using a meat grinder with a 2-mm mesh size (Cerezuela et al. 2008). Pellets
were air-dried at 50 °C and stored at —20 °C until use. The proximate composition of
experimental diets is given in Table 1.

Experimental procedure

On the last day of the experiment, all fish from each tank were weighed individually. Growth
parameters including body weight increasing (BWI), specific growth rate (SGR), feed con-
version ratio (FCR), conditional factor (CF), and survival rate were measured using these
formulas (Ai et al. 2004; Kestemont et al. 2007).

SGR = 100 (h’le-ani) / t
BWI = 100 (BW-BW,) / BW,
FCR = F | (WW)
CF = W x 100 / I*

HIS = Hepatic weight x 100/body weight
VSI = Visceral weight x 100/body weight

where Wy, W, = final and initial weight of fish (g), ¢ = time (days), F’ = feeding intake (g), W =
fish weight, and L = total length.

Analyses of carcass and experimental food were according to AOAC 2005. For this
intention, three fish were randomly selected from each tank and sacrificed using
overdosed clove essence solution and integrated by grinder. Feed and carcass were
analyzed for dry matter by drying all samples for 24 h at 105 °C until constant
weight (ISO 1983). Ash content was determined by incineration in a muffle furnace at
550 °C for 4 h (ISO 1978). Crude protein (N 9 6.25) was measured by the Kjeldahl

Table 1 Proximate composition of fish diet containing 0, 10, 20, and 30 g/kg garlic in diet

Diet (% in dry matter) Control 10 g/kg garlic 20 g/kg garlic 30 g/kg garlic
Moisture 8.224 10.25° 8.45° 9.41°

Ash 5.87° 4924 5.10° 6.23°

Fat 18.00° 17.60° 17.90° 18.00*
Protein 47.95° 48.00° 47.60° 47.42°

Different superscript letters show significant differences (P < 0.05)
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Table 2 Growth parameters and feed efficiency in brown trout fed containing 0, 10, 20, and 30 g/kg garlic in
diet after 6 weeks

Treatment parameters Control 10 g/kg garlic 20 g/kg garlic 30 g/kg garlic
Initial weight (g) 19.98 = 0.75 19.77 = 1.462 20.78 +1.28 19.25+0.72
Final weight (g) 44.16 + 1.45° 4770 £3.90>° 5110 £ 1.36° 4438 + 1.85°
Body weight increasing (%) 119.93 £2.93°  132.40 + 8.46° 149.90 £3.20°  137.04 £8.27°
Conditional factor (%) 1.03 £0.15 0.92 +0.13 1.01£0.14 1.04 £ 0.06
Specific growth rate (%/day) 1.87 +0.02° 2.00 + 0.08° 2.18 +0.03° 2.05 +0.08°
Food efficiency ratio (g/g) 1.16 £0.12 1.06 £0.01 1.02 £ 00 1.20 £0.12
Hepatic somatic index 7.71 £ 1.03° 9.78 £0.21° 8.42 £ 0.96° 7.48 +0.09°
Visceral somatic index 1.22 +£0.22° 1.70 + 0.09° 139 + 0.06° 1.46 +0.15% °
Survival rate (%) 100 100 100 100

All values are means of three replicates (tanks)/treatment + standard deviation. Different superscript letters show
significant differences (P < 0.05)

method after acid digestion according to ISO 1979. Fat was extracted by petroleum
ether in a Soxhlet apparatus.

Hematological and immunological parameters

Five fish were randomly taken from each tank and anesthetized using 120 mg/L clove oil
solution after they were starved for 24 h (Anderson et al. 1997). Blood samples were collected
thoroughly by 1.5-mL syringes and transferred into the tube containing heparin to prevent
clotting. Blood factors, like white blood cells (WBC), red blood cells (RBC) according to
Hoston (1990), hemoglobin (Hb), and hematocrit (Hct) as described by Drobkin (1945), were
measured. Blood serum was separated by centrifuging blood in 4600 rpm for 10 min. Total
protein, glucose, and albumin were determined via the method of Olesen and Jorgensen
(1986). Lysozyme activity was calculated by photo absorbance of samples in a biophotometer
(Sartorius, Germany) according to the methods of Ellis (1990).

Preparation of bacteria

After 6 weeks of trial, fish resistance against Y. ruckeri (ATCC KC291153) had been examined for
2 weeks. The strain of bacteria was prepared and lyophilized in Persian Type Culture Collection
(PTCC), Tehran, Iran, cultivated in TBS plate using a standard procedure in the Institute of Caspian
Sea Ecology in Sari, Iran, and then transferred into a Muller-Hinton broth plate in sterile condition. A
final concentration of 1.5 x 10° was obtained and injected to fish intraperitoneally (Goudarzi et al.
2011). Mortality induced by Yersinia infection was determined by counting the number of brown
trout died showing signs of disease during 2 weeks after injection.

Statistical analysis

Data are presented as means of each treatment measurement with standard deviation. All data were
verified for the normality distribution of data by Kolmogorov-Smimov test. One-way ANOVA was
used to determine the effects of the garlic on fish. Duncan test was employed to compare differences
between the means at 0.05% probability. SPSS version 22 for Windows software program and Excel
was used for analysis and drawing chart, respectively.
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Results
Growth performance and feed efficiency

Fish were gradually adopted to get the experimental diet during the first days. According to Table 2,
final weight, body weight increasing, and specific growth rate were significantly (P < 0.05)
increased in fish fed diet containing 20 g/kg garlic over control diet, while visceral somatic index
and hepatosomatic index were significantly increased in diet with 10 g/kg garlic (P < 0.05). There
were no significant differences in conditional factor, food conversion ratio, and survival rate between
groups fed garlic and control diet (P > 0.05). Survival rate was 100% in all groups.

Body composition

Analysis of carcass composition of brown trout is shown in Table 3. Addition of 30 g/kg garlic to
diet led to significant increase in body protein (P < 0.05). Moisture and ash content were higher in
diet containing 10 g and 20 g/kg garlic, respectively (P < 0.05). However, no significant differences
were observed in body fat (P > 0.05).

Hematological parameters

No considerable changes was evident in blood parameters including hematocrit, hemoglobin, white
blood cells, red blood cells, MCV, MCH, and MCHC among groups as shown in Table 4 (P > 0.05).

Immunological factors
Serum indices

Glucose and albumin showed no significant differences between fish fed garlic and control group
(P> 0.05), while total protein had significant higher value in diet containing 20 g/kg garlic than that
in the other diets (Table 5). The lower value of total protein was observed in fish fed control diet
(P <0.05).

Lysozyme activity

Lysozyme activity was increased significantly by addition of garlic (P < 0.05; Table 5). The
value of lysozyme activity was higher in garlic supplementation at 30, 20, and 10 g/kg,
respectively, over control group without garlic (P < 0.05).

Table 3 Body chemical composition of fish fed containing 0, 10, 20, and 30 g/kg garlic in diet after 6 weeks

Body composition Control 10 g/kg garlic 20 g/kg garlic 30 g/kg garlic
(% in dry matter)

Moisture 5.77+0.11° 6.64 +0.31° 5.66 +0.18° 6.30 +0.21°
Ash 8.62 = 0.90° 5.88 + 0.03¢ 8.91 +0.10° 6.90 + 0.07°
Fat 30.33 +0.57%® 29.00 + 1.00° 31.00 + 1.00° 29.23 +0.22°
Protein 50.57 +0.17° 50.66 + 0.37° 50.72 + 0.70° 55.53 + 1.06°

All values are means of three replicates (tanks)/treatment + standard deviation. Different superscript letters show
significant differences (P < 0.05)
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Table 4 Hematological parameters of fish fed containing 0, 10, 20, and 30 g/kg garlic in diet after 6 weeks

Treatment parameters Control 10 g/kg garlic 20 g/kg garlic 30 g/kg garlic
Hb (g/dl) 6.90 + 0.63 7.48 £1.71 7.83 £0.20 7.65 £ 0.00
Het (%) 37.33 £0.57 39 +£2.64 39 +1.73 37.66 £ 1.52
WBC (1 x 10%uL) 9800 + 346 10,500 + 900 10,800 + 1578 9800 + 1833
RBC (1 x 10%uL) 883,000 + 35,118 920,000 + 34,641 900,000 +20,000 906,666 + 23,094
MCV (FL) 42293 +11.33 423.61 £13.24 43347 £21.30 415.84 +26.05
MCH (PG) 78.05 +4.05 85.33 +18.58 87.14 +3.84 80.78 + 7.60
MCHC (%) 18.82 +1.52 19.29 +£4.92 20.13 +1.31 20.34 £ 0.83

All values are means of three replicates (tanks)/treatment + standard deviation. Different superscript letters show
significant differences (P < 0.05)

Bacterial challenge

Survival percentage of fish fed garlic supplementation and control diet against Y. ruckeri for
14 days of challenge after 6 weeks of feeding period are shown in Fig. 1. The results showed
that the survival rate of bacteria challenge in fish fed garlic is more than that of the control
group. The survival percentage of fish were 80, 70, and 50 in garlic addition of 30, 20, and
10 g/kg to the diet, respectively. The survival rate was higher in garlic administration at 30 g/
kg and it was 80%. Furthermore, mortality began on the sixth day of challenge in fish fed 20
and 30 g/kg garlic and on the third day in fish fed diet containing 10 g/kg garlic. While in the
control group, mortality commenced from the first day of experiment and it was 100% after
6 days of challenge. All of the fish died showed sign of infection.

Discussion

In this study, the effect of garlic supplementation in brown trout diet was investigated. Results
of growth performance represented that the addition of 20 g/kg garlic to diet led to higher BWI
and SGR than in those of the control diet. Since the control diet which was without garlic
supplementation had lower value of BWI and SGR, it could say that garlic led to enhanced
growth performance. The bioactive compound of garlic, allicin, enhanced growth by stimu-
lating the digestive enzyme and balancing the enteric microbial flora (Talpur and Ikhwanuddin
2012; Khalil et al. 2001). In many other works, dietary garlic had positive effect on BWI and
SGR that are similar to this work (Diab et al. 2002; Shalaby et al. 2006; Nya and Austin 2009;
Farahi et al. 2010). Moreover, dietary garlic in Asian sea bass (Lates calcarifer) resulted in the
increase of growth and survival rate (Talpur and Ikhwanuddin 2012). In the present research,

Table 5 Immunological factors in fish fed containing 0, 10, 20, and 30 g/kg garlic in diet after 6 weeks

Treatment parameters Control 10 g garlic 20 g garlic 30 g garlic
Glucose (mg/dl) 58.49 +3.30 58.49 +£0.94 60.99 + 19.57 53.06 + 3.06
Total protein (mg/dl) 2.63 +0.03° 3.54 +£0.65" ° 4.39 £ 0.05* 3.10 £ 0.79°
Albumin (mg/dl) 2.88 £0.81 2.58 £ 0.41 2.45+0.25 1.97 £0.73

Lysozyme activity (mg/dl) ~ 0.074 £0.002°  0.081 + 0.003° 0.090 £0.003°  0.097 +0.001°

All values are means of three replicates (tanks)/treatment + standard deviation. Different superscript letters show
significant differences (P < 0.05)
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Fig. 1 Mortality of brown trout fed containing 0 (control), 10, 20, and 30 g/kg garlic in diet during 2 weeks of
resistance against Yersinia ruckeri infection

survival rate before bacterial challenge was 100% in all treatments. Positive effect of garlic
supplementation in cichlid (7ilapia wesafi) (Megbowon 2013) and sterlets (Acipenser
ruthenus) (Lee et al. 2012) has been studied in the recent years. On the other hand, high
levels of dietary garlic in diet have an opposite effect because of pungent smell (Platel and
Srinivasan 2004; Aly et al. 2008). In the present study, 30 g/kg garlic in diet had lower growth
than that in 20 g/kg garlic which could be because of garlic’s pungent smell. Higher visceral
index in 10 g/kg garlic addition seems to be because of more feed intake induced by increasing
appetite. It is possible that decreasing the value of visceral index in higher level of dietary
garlic may be due to improved digestion and high performance of garlic in higher value.
Analysis of the body composition of brown trout fed treatments containing garlic powder
showed body protein increased by increasing the levels of garlic supplement while body fat
decreased numerically in 30 g/kg of garlic than that of the other diets. These results are
comparable to those reported in Nile tilapia (Oreochromis niloticus), Asian sea bass
(L. calcarifer), and benni fish (Mesopotamichthys sharpeyi) (Khattab et al. 2005; Shalaby
et al. 2006; Talpur and Ikhwanuddin 2012; Maniat et al. 2014). Garlic compounds lead to
increase bile acid in hamster according to some researches (Yaoling et al. 1998). Allicin
existent in garlic prevents the accumulation of fat in fish body possibly by the effect of bile
acid which facilitates fat digestion (Elkayam et al. 2003). Body fat was not significantly
different between treatments but numerically decreased by garlic addition. This diversity in
results between studies could be because of the differences in the experimental period.
Bioactive compounds act differently in long term (Bricknell and Dalmo 2005;
Fazlolahzadeh et al. 2011). The hematological parameters were measured to clarify the health
status of fish. Blood factors including Hb, Hct, WBC, RBC, MCV, MCH, and MCHC did not
show significant differences between groups. In the study of Talpur and Ikhwanuddin (2012),
Fazlolahzadeh et al. (2011), and Nya and Austin (2009), it has been found that addition of
garlic enhances the hematological parameters. The reason of this contradiction may be the
experimental condition and fish species. Hematological parameters are affected by stressful
condition (Talpur and Ikhwanuddin 2012). Furthermore, the immune system has been sup-
pressed by immune stimulator during long term, so results are influenced by the feeding period
(Bricknell and Dalmo 2005). Glucose and albumin were lower numerically in the fish fed diet
containing garlic compared to those in the control fish. This result was similar to that of
authors (Shalaby et al. 2006; Sahu et al. 2007; Talpur and Ikhwanuddin 2012) in which
glucose and albumin value decreased when garlic added to the diet. Total protein was
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significantly higher in fish fed dietary garlic that was considered as the bioindicator of immune
stimulation (Jha et al. 2007; Nya and Austin 2009). In the study of Nya and Austin (2009),
garlic addition to diet increased antiprotease activity in rainbow trout. Increasing total
protein may be due to antiprotease activity induced by garlic which caused total
protein enhancement. The result of lysozyme activity represents that the immune
system was improved by garlic addition which could be explained by the role of
lysozyme in humoral immunity. Similarly, in the study of Talpur and Ikhwanuddin
(2012) in Asian sea bass (L. calcarifer), lysozyme activity increased by the inclusion
of 10, 15, and 20 g/kg garlic to the diet. Moreover, 5 and 10 g/kg of garlic
supplementation to diet led to increase lysozyme activity in rainbow trout (Nya and
Austin, 2009). Lysozyme restrains infection by preventing pathogen connectivity and
reproduction (Mirsa et al. 2004; Mirsa et al. 2006). Enhancement of lysozyme activity
indicates antibacterial property of garlic. Garlic acts as an immunological bioactive
stimulator and multiplies lymphocyte in the time of disease resistance (Eggset et al.
1997). Bacterial resistance in brown trout showed higher survival rate in fish fed diet
containing garlic than that of control diet during 2 weeks of challenge against
Y. ruckeri, while all of the control fish perished in day 6 of challenge with signs of
Yersinia disease. Also, more survival rates were obtained by increasing garlic level in
diet. This could be due to garlic antibacterial and immune stimulant properties.
Similarly, administration of 5 and 10 g/kg garlic led to increase bacterial resistance
and protection against Aeromonas hydrophila (Nya and Austin 2009). Similar results
have been obtained in the work of Sahu et al. (2007) on Labeo rohita. Also, dietary
garlic had positive effects on protection of Asian sea bass against Vibrio harveyi
(Talpur and Ikhwanuddin 2012).

In conclusion, the present study supports the idea of garlic stimulant effect on the immune
system in fish, considering positive effect of garlic on growth, increasing the lysozyme activity
and also brown trout protection against Y. ruckeri. Twenty grams per kilogram garlic is advised
to promote growth and immunological enhancement.
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