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Abstract

Sixteen hundred Oreochromis niloticus were divided equally
among five groups, each comprising four equal sized replicates, to
evaluate the efficiency of a garlic-supplemented diet (10 and 20 g
kg™ diet fed) in the performance of O. niloticus. Group (1) was the
control (fed on base diet). Groups (2 & 3) were fed on garlic-
supplemented diet (10 and 20 g kg* diet fed) for one month,
respectively, and groups (4 & 5) were fed on same doses of garlic-
supplemented diet for two month, respectively. All groups were fed
on the base diet after the periods of garlic-supplementation until
Month 8. Body weight and blood parameters were recorded.
Challenge infection with pathogenic Aeromonas hydrophila, was
carried out immediately after feeding the test diets as well as
Month 8. Survival and individual body weights were recorded at the
end of the trial. Studies on fish quality and shelf-life were also
carried out. A non-significant increase was seen in the hematocrit
values among all treatment groups. Statistically significant
increases in total leukocytic count in treatment group 2 were also
observed. Moreover, the nitroblue tetrazolium value was
significantly elevated after 2 month and the monocytic count was
significantly increased in groups 2-5. There was no statistically
significant increase in mean individual body weights of treatment
groups 2-5 after one and two months, but there was a statistically
significant increase after eight months in all treatments except
group 2. Survival rates were significantly higher in all treatments
compared to the control. The relative level of protection against the
challenge infection was higher in all treatment groups than in the
control. The quality and shelf-life of the garlic supplemented tilapia
was better than those of the control. Both dose rates of garlic
induced a similar effect, enhancing immunity and health status.
Consequently garlic improved the growth performance. Moreover,
fish quality and shelf-life were improved. However, further
extensive testing, including full commercial cost benefit analysis, is
necessary before recommending its application in aquaculture.

KEY WORDS: Garlic, survival, growth, resistance, challenge,
shelf life, Oreochromis niloticus.

INTRODUCTION

Disease outbreaks were recently identified as a major constraint to aquaculture

production and trade, with a consequent effect on the industry’'s economic
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development (Yunxia et a/, 2001). The use of disinfectants and antimicrobials has
shown limited success in preventing or curing aquatic diseases (Subasinghe 1997).
Furthermore, there is a growing concern about the use and abuse of the
antimicrobials in aquaculture, as they increase the selective pressure exerted on the
microbes and encourage the emergence of resistant bacteria by transferring
resistant-genes to bacteria not exposed to antibiotics. Moreover, the antimicrobials
lead to drug residues in the treated fish, besides having a negative impact on the
environment (FAO/WHO/OIE 2006). Antimicrobials can generate cross-resistance
against human antimicrobials, which could pose a hazard (Witte et a/, 1999).
Moreover, commercial vaccines are expensive for fish producers, and may not be
available against the encountered and emerging diseases (Raa et al/, 1992).
Currently, the concern about bacterial resistance to antibiotics in livestock industry
has led to legislation minimizing/eliminating the use of such compounds. The use of
the immunostimulants in aquaculture is becoming popular, enhancing the activity of
the non-specific defense mechanisms and increasing disease resistance (Dalmo and
Seljelid 1995; Raa 1996).

In addition to sensory evaluation, total psychrotroph and mould counts are key
indicators in the determination of fish quality and consumer acceptability (Shewan et
al, 1953). Harvested fish exhibited collapse of the immune system, which allows the
proliferation and colonization of bacteria and fungi on the skin surface, followed by
invasion of the fish-flesh (Murry and Shewan 1979). These microorganisms are the
major cause of the edible fish spoilage.

Garlic can help in the control of pathogens, especially bacteria and fungi, and
increase the welfare of fish (Corzo-Martinez et a/, 2007; Adetumbi et a/, 1986; Ress
et al, 1993). Garlic, Allium sativum L., has been used for the treatment of many
diseases since ancient times as reported in the Codex Ebers (1550 BC), where an
Egyptian medical papyrus described several therapeutic formulas based on the garlic
as a useful remedy for a variety of diseases such as heart problems, headache, bites,
worms and tumors (Block 1985). Cloves of garlic were found in the tomb of
Tutankhamen and in the sacred underground temple of the bulls of Saqgara. It has
long been considered that garlic (Allium sativum) has several beneficial effects for
human and animals, exhibiting antimicrobial, antioxidant, and antihypertensive
properties (Konjufca et a/, 1997; Sivam 2001). Previous research suggested that
those functions are mainly attributed to the bioactive components of garlic, including
sulphur containing compounds, such as allin, diallylsulphides and allicin (Amagase et
al, 1993). Many beneficial health properties of garlic are attributed to organosulphur
compounds, particularly to thiosulfinates (Block 1992). Allicin (diallythiosulfinate) is
the most abundant compound representing about 70% of all thiosulfinates present,
or formed in crushed garlic (Block 1992; Han et a/, 1995). Garlic has proven to be
hypolipidemic  (Sumiyoshi 1997), antimicrobial (Kumar and Berwal 1998),
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antihypertensive (Suetsuna 1998), hepatoprotective (Wang et al, 1998) and
insecticidal (Wang et a/, 1998). Garlic extract has also been shown to reduce serum
cholesterol levels (Bordia et a/, 1975; Augusti 1977) and increase blood coagulation
time (Bordia et a/, 1975). An antifungal activity has been identified in garlic bulbs
(Fromthing and Bulmer 1978). S-allyl cysteine, present in the crushed garlic, was
found to inhibit tumor metabolism and enhance the immune response (Sumiyoshi
1997). The allyl sulfides enhance the glutathione S-transferase enzyme systems,
which through their dependent biochemical pathways enhance the liver's
detoxification of carcinogenic substances. The allium species show immune
enhancing activities that include promotion of lymphocyte synthesis, cytokine
release, phagocytosis and natural killer cell activity (Kyo et a/, 1998).

The present study was conducted to evaluate the efficiency of the garlic (Allium
sativum L) in improving the immune response, survival, growth and disease
resistance in Nile tilapia (O. niloticus).The effects on quality and shelf-life of fish were
also considered.

MATERIALS AND METHODS

1. Fish

A total of 1600 Nile tilapia (O. niloticus) fry (mean individual initial weight = 6.5
+ 1.0 g) were divided into five equal treatments, including the control. Each
treatment and the control consisted of four equal replicates (80 fish per replicate)
that were randomly assigned to 20 hapas (3 x 2 x 1 m, each) fixed in earthen pond
in four rows of 5 hapas each. Fish were fed on a base diet of 25% protein at 3%
(summer) and 1% (winter) body weight per day, divided into two feeding times.
Feed was placed in plastic trays fitted in hapas (one per hapa).
2. Garlic

Garlic (Allium sativum L) was procured from the local market, crushed and two
doses, i.e. 10 and 20 g of garlic kg feed were mixed with the balanced diet in
pellets. The pellets were prepared biweekly, air-dried at room temperature for 24
hours and stored in a refrigerator (4°C). The chemical analyses of garlic cloves
revealed sulfer-containing amino acids (1-3%) named alliin which is the stable
precursor that is converted to allicin by the action of allinase enzyme which represent
10 mg/g garlic cloves fresh weight (Ellmore and Feldberg 1994).

3. Diets

A balanced ration was prepared (Table 1). The ingredients were obtained from
several specialized suppliers and prepared locally in the WorldFish Center in the form
of pellets. The basal diet was prepared by grinding the corn to granules using 0.5
mm mesh (Thomes-Willey Laboratory Mill Model 4). The ingredients were mixed



280 EFFECT OF GARLIC ON THE SURVIVAL, GROWTH, RESISTANCE AND
QUALITY OF OREOCHROMIS NILOTICUS

mechanically by horizontal mixer (Hobart model D300T) at a low speed for 30 min.
Oil (vegetable & cod liver) was added gradually to assure the homogeneity of the
ingredients. The mixing speed increased for 5 min during the addition of water (600
ml) until the mixture began to clump. Pellets were then prepared using a pellet
machine (CPM California pellet mill Co.) with 0.5 cm diameter. Batches of feed were
prepared every two weeks and pellets left for 24 h to air dry, and stored in a
refrigerator (4°C) for daily use.

4. Experimental design (Table 2)

The study was conducted over an eight-month period (September 2005 to April

2006) to evaluate the efficacy of garlic in promoting production of the cultured
Oreochromis niloticus. Sixteen hundred O. niloticus fry were divided into five equal
groups (groups 1-5; see above). Group 1 was fed a base diet for 8 months (control).
Garlic supplemented base diets (10 and 20 g kg™ diet fed) were given to groups 2
and 3 for 1 month and to groups 4 and 5 for 2 months, respectively. Four replicates
were used in each group and were randomly assigned to hapas fixed in four rows of
earthen bottom ponds in such a manner that each row represented the replicate of
each treatment group. Hapas were observed daily and any dead fish removed.
The trial was conducted in three stages, (first, second and third phases). Fish were
given the garlic-supplemented basal diet for one and two months, phase 1 and 2
respectively. The base diet was fed to all treatment and control groups throughout
the third phase until the end of the experiment (8 months). The third phase was
designed to evaluate the possible continuity of the efficacy of the garlic, administered
in the first and second phases. At the end of the feeding period, the fish were
examined in the laboratory for the various parameters.

Table 1.Composition of the basal diet used throughout the experiment.

Protein (%) Metabolic energy (Joules)

Ingredients Diet (%)

ingredients feed Ingredients feed
Fish meal 8.00 0.72 5.76 4000 32000
Soybean meal 52.9 0.48 25.392 2870 151823
Ground corn 29.1 0.109 3.1719 1240 36084
Wheat flour 5.00 0.134 0.67 2700 13500
Vegetable oil 2.00 0.00 0.00 9100 18200
Cod liver oil 2.00 0.00 0.00 9100 18200
Di calcium phosphate 1.00 0.00 0.00 0.00 0000
Mineral mix. 0.07 0.00 0.00 0.00 0000
Vitamin mix. 0.05 0.00 0.00 0.00 0000
Vitamin C 0.03 0.00 0.00 0.00 0000
Total 100.15 0.00 34.9939 0.00 269807

Ingredients were obtained from local markets.
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Table 2. Design of experiment and parameters measured along the experiment.

Treatment (phases) & duration in Hematology Growth Challenge S, Q&SI
months hases hases hases (phases)
Group
1st 2r\d 3rd

* 15( 2nd 3rd lst 2nd 3rd 1st 2nd 3rd 3rd

1st month 2nd month 6 more months
1 BD B.D. B.D. M. M. nm M. M. M. D. D. D M.
2 10g** B.D. B.D. M. nm | nm M. | nm M. D. nd D. M.
3 20g** B.D. B.D. M. nm nm M. nm M. D. nd D. M.
4 10g** 10g** B.D. nm M. | nm | nm M. M. nd D. D M.
5 20g** 20g** B.D. nm M. nm nm M. M. nd D. D. M.
Each group had 320 Oreochromis niloticus with 4 replicates ie; 80 fish/replicate. Group 1 served as a

control.
dose of garlic/ kg of feed. B.D.= basal diet; M= measured, nm= not measured; D= done, nd= not done,
S= survival, Q=quality & SI= Shelf-life.

5. Laboratory tests

(7). Body weight gain: All fish from all treatment replicates were

weighed individually after 1, 2 and 8 months.

(i7). Survival. Survival rate was recorded during the course of the feeding experiment
for all treatment replicates.

(iif). Some hematological and immunological parameters: The packed cell
volume, total and differential leukocytic counts (TLC & DLC) were carried out
according to the method of Stoskoph (1993). Nitroblue tetrazolium (NBT) was
measured after Siwicki at a/. (1985). These parameters were determined from blood
samples, collected after the first and second phases from the caudal vein of 20 fish
from each treatment group (5 from each replicate) using sterile syringes with
saturated EDTA.

(iv). Challenge infections.: These were carried out three times on the treatment
groups: after feeding on the test diets for one and two months and at the end of the
experiment (month 8). Twenty fish from each treatment group and from the control (5
from each replicate), were clinically examined and blood samples bacteriologically
tested and determined to be free from bacterial infection, were then artificially
infected by intraperitoneal injection with 0.5 ml of culture suspension of pathogenic
Aeromonas hydrophila containing 10® bacteria ml™ that were previously isolated from
moribund fish and studied for pathogenicity. A culture suspension of Aeromonas
hydrophila was prepared by culturing in agar for 24 h, washed and suspended in
saline (0.85%) and counted using MacFirland standard tubes (No.1). The relative level
of protection (RLP), among the challenged fish was determined according to
Ruangroupan at al., (1986) using the following equation.

RLP = 100 - percentage of immunized mortality + percentage of control mortality x100.
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(v). Sensory evaluation: The sensory evaluation was done to detect the consumer
acceptability for fish odor or taste. Ten fish from each garlic supplemented and control
groups were evaluated for odor and taste by three panelists after roasting at an
internal temperature of 48°C in a 165°C oven. Odor and taste were evaluated by 5
point scale; 1(very bad), 2 (bad), 3 (fair), 4 (good) and 5 (very good). The fish were
considered unacceptable when their sensory score was below 3, according to Shewan
et al, (1953).
(vi) Shelf-life: This was determined for all fish groups at harvest time where 20 fish
per group (5 fish per replicate) were used to determine the total psychrotroph and
mould counts in the fish-flesh 0, 48, 96 and 144 h after harvest. Throughout this
period, fish were stored in an ice-container, the crushed ice being replaced daily. For
determining total psychrotrophs, 10 g sample of the fish-flesh was transferred to a
sterile blender with 90 ml sterile peptone water. The blender was operated at a high
speed for 2 min. Decimal dilutions were prepared and 1 ml from each dilution of
muscles was inoculated into duplicate plates, on standard plate count agar. The
inoculated plates were incubated at 20°C for 48 h. The total colony count was
calculated (Thatcher and Clark, 1975). Fish-flesh samples (50 g) were homogenized in
a warning blender with 450 ml sterile peptone water to give 0.1 dilutions for counting
the total mould. Serial dilutions to 10 were then made. One ml of each dilution was
poured in a sterile Petri dish and mixed carefully with 15 ml acidified malt extract agar
(pH 4.5). The inoculated plates were incubated at 25°C for 5-7 days. Incubated plates
were examined daily by stereomicroscope in order to enumerate the characteristic star
shaped mould growths (APHA 1992).
6. Statistical analysis

One way and two way analysis of variance (ANOVA) and Duncan’s Multiple
Range Test (Duncan 1955) were used to determine differences among treatments
(mean at a significant level of P<0.05). Standard errors were also estimated. Analysis

was carried out using the SAS package (SAS 2005).

RESULTS

In the first phase of the experiment, groups 2 and 3 revealed a non significant
increase in the hematocrit values without any significant change in the NBT when
compared with the control (group 1). A statistically non significant change in total
leukocytic counts was seen in groups 2 and 3 when compared with the control group.
However, a significant increase in monocytes was evident in both the treatment
groups. In the second phase, groups 3 and 4 revealed a non-significant increase in

hematocrit values. The NBT value was significantly elevated in groups 4 and 5 when
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compared to the control. The total leukocytic count of groups 4 and 5 showed no
change despite the significantly elevated monocytes, compared to controls (Table 3).

A trend of increased growth rates among experimental fish (groups 2 and 3)
was apparent. . The relative level of protection, after challenge infection, was the
highest in group 3 (62.5%) followed by group 2 (50%). At the end of the second
phase of the experiment, a non-significantly increased growth rate was observed in
groups 4 and 5 (Graph 1). The relative level of protection after challenge was best
(44.4%) in group 5 followed by group 4 (33.3%) (Table 4, Graph 2)

Table 3. Hematological and immunological parameters of Oreochromis niloticus at the
end of the first (1 month) & second phase (2 months) of garlic supplement

compared with the control.

One month Two months
Control . . Control . .
Parameters Garlic 10g/kg | Garlic 20g/kg Garlic 10g/kg | Garlic 20g/kg
(gp. 2) (gp. 3) (gp. 4) (gp. 5)
(gp. 1) (gp. 1)
HCV (%) 30.6%+2.09 32.1%+1.77 32.7%+1.33 28.8°+1.03 31.7°+1.57 32.3+1.54
NBT (mg/ml) 0.26"+0.04 0.26"+0.02 0.26"+0.03 0.11%+0.02 0.13%+0.03 0.13%+0.01
TLC (10%/pl) 36.5%%+1.45 37.7%+1.25 32.8°+1.74 41.6+1.09 37.4%+0.76 41.2°+0.79
Neutrophils
P 11.85"+0.15 11.63"+0.23 11.29*+0.20 12.35"+0.14 12.06"+0.36 12.1°+0.24

(10%/ul)
Lymphocytes
ymphoey 23.4%+1.14 24.42°+0.93 20.218+1.45 27.62°+0.91 23.77°+0.61 27.13*+0.62
(10%/ul)
Eosinophils N A N A A N

0.31°+0.08 0.31°+0.08 0.18"+0.06 0.6°+0.08 0.45°+0.08 0.49°+0.06
(10%/ul)
Basophils

0.04*£0.04 0.15%+0.06 0.08%+0.05 0.09%+0.06 0.19%+0.09 0.25*+0.07
(10%/ul)
Monocytes
(103/ I))/ 0.9°+0.12 1.19°+0.18 0.97°+0.11 0.95°+0.14 1.31°+0.09 1.19"+0.11

ul

Mean =+ S.E. having the same letter in the same row are not significantly different at P<0.05.

Table 4. Growth and relative level of protection after challenge infection of
Oreochromis niloticus at the end of the first and second months on garlic-
supplemented diet compared with control.

One month Two months
Control Control
Parameters Garlic 10g/kg Garlic 20g/kg Garlic 10g/kg Garlic 20g/kg
(@p- 2) (9p- 3) (9p- 4) (9p- 5)
(@p. 1) (@p. 1)
Growth (g) | 22.81°+0.76 | 25.08*+2.77 | 24.61°+0.93 | 29.12°+1.1 | 31.93*+1.23 | 31.57%+1.26
RLP* (%) 0 50.0 62.5 0 33.3 44.4

Mean + S.E. having the same letter in the same row are not significantly different at P<0.05.

RLP*= Relative level of protection.
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Graph (1) The body weight gain of Oreochromas niloticus supplemented with
garlic (g/kg) after three phases of the study
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A significant increase, in survival rate was seen in fish of groups 2 - 5 during the

third phase of the experiment. The growth rate was significantly increased in groups 3,

4 and 5. The relative levels of protection, after the challenge infection was 5.3% for

groups 2 and 3. It was higher in group 4 (10.53%) and highest in group 5 (15.79 %)

(Table 5 a

nd Graph 2).

Table 5. Growth and survival rates besides the relative level of protection after
challenge of Oreochromis niloticus at the end of the third phase (8
months) compared with the control group.

One month Two months
Parameters Control Garlic 10g/kg | Garlic 20g/kg Control Garlic 10g/kg | Garlic 20g/kg
(gp. 1) (gp. 2) (gp. 3) (gp. 1) (gp. 4) (gp. 5)
Growth (g) 54.1%+ 1.48 57.3*%+0.86 59.14"+1.06 | 54.1%+ 1.48 59.6%+1.97 61.2°+1.07
Survival (%) 68.9° +2.24 79.56%+1.47 78.31%+1.64 68.88° + 2.24 76.88"+6.05 80.13"+3.17
RLP* (%) 0.00 5.26 5.26 00.00 10.53 15.79

Mean + S.E. having the same letter in the same row are not significantly
different at P<0.05.
RLP*= Relative level of protection.
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Graph (2) Relative level of protection in Oreochromas niloticus supplemented
with garlic and challenged with Aeromonas hydrophila after three phases of the
study
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The sensory evaluation of the harvested fish revealed mean odor values of 5,
4.9, 4.5, 4.5 and 4.0 for groups 1, 2, 3, 4 and 5, respectively) and mean taste values
of 5.0, 4.8, 4.5, 4.4 and 4.1 for the same groups, respectively (Graph 3). The mean
value for the total psychrotroph and mould counts of the harvested fish showed a
non-significantly deceased values in the garlic supplemented groups for 1 and 2
month when compared with the control. This effect was maintained till the 9" and
12" day of ice storage, for the psychrotrophs and moulds respectively. A significant
decrease in the mean value of the total psychrotroph count was noticed in all the
garlic supplemented groups, except group 2 (10 g kg™ for 1 month), from the 12"
until the 18" day of ice-storage. A significant decrease in the mean value of the
total mould count was noticed in all garlic supplemented groups (2-5) from the 15"
until the 18™ day of ice-storage, in comparison to controls. The mean value of the
total psychrotroph and mould counts, in all groups including the controls, was
increased by prolonging the period of the ice-storage. Groups 1 & 2 exceed the
permissible limit of the Egyptian standard for the total psychrotroph count after 15
day ice-storage while groups 3, 4 and 5 exceeded that limit on the 18" day of ice-
storage (Tables 6 & 7).
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Table. 6. Mean value of the total psychrotroph count in the flesh of Oreochromis
nifoticus at the harvest time (end of the third phase = 8 month), compared
with the control group.

One month Two months
Ice storage - N - X
(in day) Control Garlic 10g/kg | Garlic 20g/kg Control Garlic 10g/kg Garlic 20g/kg
(gp. 1) (gp. 2) (gp. 3) (gp. 1) (gp. 4) (gp. 5)
0 0.144 x10? 0.144 x10? 0.11%¢ x10? 0.44"x10? 0.12"¢ x10? 0.12"¢ x10?
+0.02 +0.01 +0.03 +0.12 +0.01 +0.03
3 2.53%¢ x10° 1.90%¢ x10° 1.17% x10° 2.73% x10° 2.1010° 2.177 x10°
+0.14 +0.12 +0.18 +2.22 +0.12 +0.18
6 7.87%¢ x10* 5.72% x10° 5.20 x10° 6.89" x10* 5.6%¢ x10° 4.31%4 x10°
+0.20 + 0.55 +0.75 +0.25 + 0.55 +0.79
0 8.33% x10* 7.007 x10* 6.00"° x10* 9.13% x10* 8.80% x10* 8.60% x10*
+2.44 + 4.57 +2.35 +2.07 + 2.57 +3.35
1 7.31%°x 10° 5.20%°x 10° 3.0%x 10* 8.30"% 10° 6.6 x 10* 6.0% x 10*
+0.64 + 0.55 +0.33 +0.64 +0.52 +1.03
15 5.6° x 10° 2.90"°x 10° 4.7%x 10° 6.16"°x 10°+ 8.2% x 10° 7.4 % 10°
+3.14 +0.01 +0.28 3.54 +1.19 +1.73
18 4.23%3 107 2.70%3 107 5.28 x 10° 6.63% 107 + 6.1% x 10° 6.28 x 10°
+ 3.44 +0.12 +0.39 2.24 +0.72 +1.97

Mean =+ S.E. having the same letter in the same row are not significantly different at P<0.05.
Capital letter for comparison between control and garlic treated group (gp. 5).
Small letter for comparison between times of storage within same treatment.

Table 7. Mean value of the total mould count in the flesh of Oreochromis niloticus at
the harvest time (end of the third phase = 8 months), compared with the

control group.

One month Two months
Ice storage in Control . . Control . .
d Garlic 10g/kg | Garlic 20g/kg Garlic 10g/kg Garlic 20g/kg
ay
(gp. 2) (gp. 3) (gp. 4) (9p- 5)
(gp. 1) (gp. 1)
o 2.2% x10* 2.0% x10* 1.8 x10* 2.5% x10* 1.6 x10* 2.1M x10*
+0.01 +0.51 +0.75 +0.22 +0.01 +0.05
3 4.0M x10? 3.6 x10? 2.8%° x10? 2.3% x10? 2.8"x10? 2.5/ x10?
+0.17 +0.42 +1.21 +0.43 +0.17 +0.06
6 6.6 x10% 6.4 5 x10? 6.2 5 x10? 6.3 x10? 5.6% x10? 5.8% x10?
+0.25 +0.21 +0.79 +0.13 +0.23 +0.81
0 5.0 x10° 4.2 x10° 3.5 x10° 6.1 x10° 3.7% x10° 3.0% x10°
+0.74 +0.23 +1.45 +0.36 +2.61 +6.37
1 6.6"° x 10° 5.4% x 10° 4.2% x 10° 5.9 x 10° 4.6" x 10° 4.1 x 10°
+0.55 +0.37 +1.57 +0.22 +0.42 +1.07
15 3.2 x 10* 7.2% x 10° 5.7% x 10° 5.4 x 10* 6.6% x 10° 5.2% x 10°
+ 0.54 + 0.54 +0.87 +0.12 +2.12 + 0.69
18 2.5 x 10° 6.6% x 10* 4.6% x 10* 7.5% x 10° 4.8% x 10* 4.4% x 10*
+0.34 +0.37 +1.28 +0.17 +0.76 +0.95

Mean + S.E. having the same letter in the same row are not significantly different at P<0.05.

Capital letter for comparison between control and garlic supplemented group .
Small letter for comparison between times of storage within same treatment.
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Graph (3) Sensory evaluation in the flesh of Oreochromis niloticus supplemented
with garlic at end of the third phase of the study
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DISCUSSION

The hematocrit values of the experimental fish showed a non significant
increase during the first and second phases of the experiment, which support the
contention that the garlic doses tested were both safe and efficacious. Sahu (2004)
also observed an increase in erythrocytic count after administering garlic. A marked
increase in the total leukocytic count was seen in group 2.and was associated with a
high number of monocytes and lymphocytes during the first phase. Iranloye (2002)
also reported increases in total white blood cell count, neutrophils, lymphocytes and
monocytes following 30-day of feeding garlic, illustrating the anti-infection properties
of garlic. Fish sampled during the second phase in the present study showed a non
significant change in TLC as well as significant increases in monocytes. This suggests
that the feeding of garlic-supplemented diet for 2 months may be less effective in
improving the TLC but may improve the monocytes. Hematological findings showed
that small doses of garlic (10 g kg™) administered for one month were sufficient to
induce the most promising results. Heo et a/, (2000) reported that the only changes
in fish blood profiles, observed when I-carnitine was included in diet, were increased
concentrations of WBC and lymphocytes, although there is no direct evidence from
the literature on the effect of I-carnitine supplementation on immune-related blood
cell counts. However, many previous reports have suggested that I-carnitine
supplement may influence lipid metabolism. Dietary lipid may affect a great number
of immune parameters, such as lymphocyte proliferation, cytokine synthesis, natural
killer cell activity and phagocytosis (De Pablo and De Cienfuegos 2000).
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The NBT test is used to determine phagocyte activity as an indicator of
immune response, especially neutrophils and monocytes (Jabs et al, 1980). A
significant increase in NBT values was detected in fish during the second phases of
the experiment compared with the control group. This suggests that the effect of
garlic in enhancing the phagocytic activity of the leukocytes is dependent on the
period of application. Many investigators have reported enhanced bactericidal activity
by the phagocytic cells of different fish species treated with immunostimulants
(Jorgensen et al, 1993). For example, serum bactericidal activity was enhanced in
groups treated with garlic (Sahu et a/, 2007).

The significant increases in total leukocytic count and monocytes of group 2
(low dose of garlic for 1 month), in the present study, did not seem to be associated
with any significant increase in the NBT values, suggesting that the feeding of garlic-
supplemented diet for one month may promote the phagocytic activity of neutrophils
more than that activity of monocytes. Neutrophil activity can be an indicator of fish
response, as they adhere to the endothelium by adhesion molecules, thereby
facilitating their emigration from the capillaries to the site of injury (Kishimoto et a/,
1989; Magnuson et al, 1989). Neutrophils also exhibit increased production of
oxygen radicals which are potentially capable of destroying invading pathogens
(Hassett and Cohen 1989).

While no significant increase in total leukocytic count was seen in groups 4 and 5,
the monocyte numbers significantly increased. The latter seem to be associated with
the significant increase in NBT values, suggesting that the application of garlic for
two months may be more effective on the phagocytic activity of the monocytes.
However, other studies claim that the protective effect of garlic may be associated
with its antioxidant properties (Pedraza-Chaverri et a/, 2000; Rahman 2003).

Several herbs have been tested for their growth-promoting activities in aquatic
animals (Jayaprakas and Eupharsia 1996; Citarasu et a/, 2002; Sivaram et a/, 2004).
Our observations showed non-significant increases in growth rates after one or two
months of feeding with garlic. Horton et a/, (1991) reported no effects of feeding 1
or 10 g garlic kg™ diet on the growth performance of pigs. Other studies have shown
that garlic did not affect growth performance of broilers (Freitas et a/, 2001) or
growing lambs (Bampidis et a/, 2005). The pungent smell of garlic, may lead to lower
diet palatability. However, in the present study a marked increase in growth rate was
noticed after the third phase (8 months) in groups 2-5. The increase, after 8 months,
was significant in groups 3, 4 and 5. Cullen et a/, (2005) also found improved feed
conversion rates when garlic was added to the diet for grower-finisher pigs at the
level of 1 or 10 g kg™ diet. Khalil et a/, (2001) mentioned that garlic contains allicin,
which promotes the performance of the intestinal flora, thereby improving digestion,
and enhancing the utilization of energy, leading to improved growth.
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Reduced mortalities following pathogenic challenges in the presence of a low
dose of herbal principals, have been reported by Kim et a/, (2001) and Jain and Wu
(2003). The relative level of protection against challenge infection was fairly good
during both phases 1 & 2 of the present study. However the response during the first
phase (groups 2 & 3) was better than that of the second phase (groups 4 & 5).
Immunostimulants can increase non-specific immunity by either increasing the
number of phagocytes or activating phagocytosis (Shoemaker et a/, 1997), as seen in
our study. Many defense mechanisms activated by garlic counteract the challenge
infection including the production of superoxide anions against the A. hydrophila
infection. It has been found that the aqueous extract of raw garlic and dried powder
scavenge hydroxyl radicals (Yang et a/, 1993; Kim et a/, 2001), and superoxide
anions (Kim at al, 2001). Similar phagocytic activities may have occurred in the
present work and enhanced protection against the challenge infection. Gildberg and
Mikkelsen (1998) fed Atlantic cod (Gadus morhua) fry on a commercial feed,
supplemented with Carnobacterium divergens alone or combined with immuno-
stimulating peptides for 3 weeks, then challenged with V. anguillarum (10" mi?, for 1
h). The fry showed reduced mortality. In the present study the relative level of
protection of fish, challenged after 8 month of experiment (third phase), was better
than that of the control group, but lower than that of the first and second phase.

Garlic has been used for centuries in many societies against parasitic, fungal,
bacterial and viral infections. The recent chemical characterization of their sulphur
compounds has promoted claims that such compounds are the main active
antimicrobial agents (Rose et a/, 2005). However, the level of protection, during the
3" phase, was higher in groups 4 and 5 than groups 2 and 3. Moreover, the high
garlic dose afforded greater protection than the low dose. These findings can be
used to explain the low levels of protection seen during the third phase (8 months),
when compared with the first and second phases in the current experiment. Feeding
of the garlic-supplemented diet for one month was effective against the immediate
challenge infection while feeding for 2 months proved more effective against the
later challenge (8 months).

The survival rate was significantly greater in all garlic-supplemented groups
when compared with the control group at the end of the experiment (8 months).
However, it was significantly higher in group 5 than the other groups. Although the
use of garlic resulted in good survival rates, feeding the higher doses of garlic for
extended periods gave better results. Using a combination of five herbs developed an
Artemia-enriched herbal diet for Penaeus monodon, which significantly increased
survival rate during stress conditions (Citarasu et a/, 2002). The current results
showed the stimulatory effect of garlic on the immune system that correlates with
improved fry survival. The improved survival rate may be due to the enhanced
immune response resulting from increased numbers of monocytes (groups 2-5),
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increases in phagocytic activity (groups 4-5), or other defense mechanisms.
Immunostimulants can also increase serum lysozyme activity by increasing the
number of phagocyte-secreting lysozyme, or by increasing the amount of lysozyme
synthesized per cell (Engstad at al., 1992).

Many studies on garlic product have been published; however, there are very
few reports on its effects on flesh quality. Kwon et a/, (2005) reported that garlic
improved the meat quality of growing-finishing pigs. Sensory evaluation is used as an
indicator for sea-food quality and consumer acceptability. Both the odor and taste of
groups 2-5 were within acceptable limits when compared with the control. Groups 3-
5 achieved higher evaluation grades than groups 1 and 2. Total psychrotroph and
mould counts increased in all groups (1-5) with increasing periods of storage.
However, the total psychrotroph count was still within the accepted level of the
Egyptian Standard (2000), when the fish were stored on ice until day 12 for groups 1
& 2 and day 15 for groups 3, 4 and 5. Garlic is known to have medicinal properties
and is useful in combating bacteria (Ress et a/, 1993) and fungi (Adetumbi at al/.,
1986). Garlic contained 1-3% alliin which converted to allicin by the action of allinase
(10 mg/g garlic cloves) (Ellmore and Feldberg 1994). It is also known that, garlic
powder contain 99% pure dimethyl trisulfide and a mixture of diallyl sulfides, DASS
(33% diallyl sulfides DADS, 16% diallyl trisulfide DATS and 17% diallyl tetrasulfide
DATTS). Many efficient organization ensures that clove defense mechanism is only
activated in a very small location and for a short duration, whereas the rest of the
allin and allinase remain preserved in their respective compartments and are
available for interaction in case of subsequent microbial attacks. These phenomena
explain the efficiency of garlic in improving the fish quality and shelflife, as it is well
accepted that allicin which possesses a variety of biological activities (Miron et a/,
2004), is the bioactive substance. However, several reports suggest that garlic also
has a lipid-lowering action. On the other hand, Yeh and Liu (2001) suggested that
garlic inhibits the synthesis of cholesterol and fatty acids in the liver; however, the
exact mechanisms are not well understood. Therefore, further studies should be
done to establish the relationship between the dose used, period of application and
time of withdrawal to obtain the best evaluation for the fish quality and shelf-life.

CONCLUSION

It can be concluded that garlic improves the immune response of O. niloticus
through a rapid increase in monocytes and over a longer time frame enhanced
phagocytic activity which affords increased protection against immediate challenge
infection. High doses also appear to enhance growth rate, particularly after 8
months, dietary inclusion. A significant improvement was seen in the survival of all

treatment. It seems beneficial to use garlic at lower doses for one month, in short-



SALAH MESALHY ALY at al., 291

term operations, such as in the hatchery, and for two months to improve aquaculture

production. Post-harvest flesh quality and shelf-life of fish fed on garlic supplemented

diets for both 1 month or low dose for 2 month was improved. More extensive field

trials and economic studies are, however, necessary before large scale, commercial

use could be recommended.
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