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Abstract: This study was carried out to show the effects garlic (Allium sativum) on antioxidant system in
Tilapia nilotica (Oreochromis niloticus). A total number of 120 fish (20-21g in weight) was used. Fish were
divided into four groups fed on diets containing garlic in different forms; natural garlic (40g/kg diet), garlic oil
capsules (Strongus®, pure garlic oil capsules; 250 mg/kg diet) and garlic powder tablets (32 g/kg diet), with
three replicates for each treatment. Treatment groups had a different sources of garlic added to their diets; the
control group diet was free from garlic. The experiment extended for three months. The results showed that,
weight gain and growth performance of O. niloticus significantly (P<0.01) increased in all groups fed on garlic
with lower mortality rate than the control group. Glutathione peoxidase (Gper), superoxide dismutase (SOD),
catalase (CAT) increased significantly (P<0.01) as compared to the control group. Malonyldialdehyde (MDA).
Alkaline phosphatase (ALP), aspartate aminotransferase (AST) and alanine aminotransferase (ALT) activities
in plasma decreased significantly(P<0.01) in all treated groups of garlic. Total protein in blood serum
significantly increased (P<0.01) in the groups fed on garlic, while blood glucose, triglycerides and cholesterol
levels were significantly decreased (P<0.01) in the same treated groups. In conclusion, it can be suggested that,
addition of garlic in any form to fish diet can promote growth rate, decrease mortality rate and increase the
antioxidant activity in fish. 
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INTRODUCTION Garlic has also been shown to have antioxidant properties,

Garlic is probably one of the earliest known medicinal gastrointestinal    neoplasias,   against   blood   clots
plants [1]. Its bulbs (cloves) had been used as a cure-all (anti-platelet action) due in part to the compounds alliin
in ancient Egypt and are mentioned in the Ebers Papyrus, and ajoene, which have fibrinolytic activity. Ajoene
one of the earliest treatises on medicinal plants. Garlic inhibits  thromboxane  synthesis  through the inhibition
contains sulfur containing compounds. Alliin, is of the cyclo-oxygenase and lipoxygenase enzymes [6].
converted to the anti-microbial active allicin, when the Using of garlic in fish farming has become popular for
bulb is cut or bruised. Ajoene, which is a secondary enhancing the activity of non-specific defense systems
degradation product of alliin, is presumably the most and conferring protection against diseases and it was
active compound responsible for the anti-thrombotic used as a growth promoter in O. niloticus culture [7], also
activity of garlic [2]. The fresh bulb contains alliin, allicin it increased body gain, feed intake and feed efficiency
and volatile oils. When the garlic clove is crushed,  the ratio [8]. The garlic oil capsules significantly reduced the
odorless compound alliin is converted to allicin, via  the body weight gain of rats [9]. Garlic decreases both total
enzyme allinase. Allicin gives garlic its characteristic cholesterol and low-density lipoprotein in addition to
pungent smell [3]. Also, it contains vitamins and minerals reducing blood pressure [10]. The consumption of its
[4]  and trace elements(selenium and germanium) [5]. powder  may  decrease  the accumulation of lipids in the

which could have a protective nature against
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liver, increase the excretion of total bile acids in feces and Preparation of Experimental Diets:  All diets were
increase the antioxidant capacity in hamsters [11]. Garlic prepared as in Table 1. The diet was pelleted trough
oil significantly decrease the levels of antioxidants fodder machine. The pellets were dried in a drying oven
ceruloplasmin, albumin and total thiols in the plasma of for 48 hrs at 45°C, then cooled and saved in plastic bags
diabetic rats but SOD activities was decreased in tissue and stored in refrigerator at 4°C during the experimental
homogenates of liver and kidney [12]. Garlic oil and duration to avoid the nutrients deterioration.
dialiyldisulfide inhibited Gper activity, (dialiyldisulfide
and dialiylsulfide) enhanced glutathione reductase Experimental Design: A total number of 120 fish Tilapia
activity and garlic oil enhanced SOD activity in liver, but nilotica (O. niloticus) with body weight (20-21g /fish) were
all garlic components increased glutathione levels in red divided   into  four  groups fed  on  diets  containing
blood cells [9]. Lipid peroxides, uric acid, blood glucose, garlic  in  different forms, group (1) fed on natural garlic
total lipid, triglycerides and cholesterol were decreased (40  g/kg  diet),  group  (2)  fed  on  diet  containing  garlic
significantly after treatment with garlic oil, also in liver and oil  (150  mg/kg  diet)  and  group  (3) fed on diet
kidney lipid peroxides decreased significantly after garlic containing garlic powder (32 g/kg diet), the control group
oil treatment [12]. S-allyl cysteine sulphoxide (SACS), a fed on diet free from garlic. The experiment period
sulphur containing amino acid of garlic which is the extended for three month. Fish acclimated under wet
precursor of allicin and garlic oil has anti-diabetic effects laboratory conditions for two weeks and randomly
in alloxan diabetic rats. It decreased concentration of distributed  at  a  stocking  density of 10 fish per
serum lipids, blood glucose and activities of serum aquarium. The fish were fed with the experimental diets
enzymes, like ALP, acid phosphatase and lactate (each treatment was represented by three aquaria as
dehydrogenase and liver glucose-6-phosphatase [13]. replicates) at the rate of 3% of body weight. The fish were
Treatment of diabetic rats with garlic oil significantly weighted biweekly intervals of the experimental period
decreased the red cell phosphatase, serum acid and and the feed quantities were readjusted according to the
alkaline phosphatases. Serum alanine, asparate change in live body weight. 
transferases and amylase were significantly decreased in
serum [14]. Alloxan diabetic rats with the antioxidant Sample Collection: At the end of experiment, blood and
SACS isolated from garlic, controlled lipid peroxidation liver tissue samples were collected, blood collected from
and stimulated in vitro insulin secretion from B cells the caudal vein of fish after fed on garlic containing diets
isolated from normal rats. The beneficial effects of SACS for three months as well as from the control group fish.
could be due to both its antioxidant and its secretagogue The  blood  left  to clot then centrifuged at 3000 r.p.m for
actions [15]. Garlic extract exerts antioxidant action by 15 minutes. The separated serum samples were stored at
scavenging reactive oxygen species ROS, enhancing the -20°C for biochemical analysis. Fish were sacrificing 

cellular antioxidant enzymes; SOD, CAT and Gper and freshly after collection of blood samples immediately, the 

increasing glutathione in the cells. Garlic inhibits lipid liver tissues were homogenized, then divided into two 

peroxidation, reducing ischemic/reperfusion damage and parts,  the  first  part  was, centrifuged (at 3500-r.p.m for 

inhibiting oxidative modification of LDL. Garlic protects 30-minutes) and the supernatant stored at -20°C until used
DNA against free radical-mediated damage and mutations for biochemical analysis and the second part was used 

[16]. So this work was carried out to study the effects of without centrifugation.
different forms of garlic on some antioxidant parameters,
in Tilapia nilotica (O. niloticus). Growth Measurements: Specific growth rate (SGR) = ln

MATERIALS AND METHODS original weight; Wt = final weight; and T = time in days).

Different forms of galic were evaluated in this work. (g) ÷ total wet weight gained (g). Feed efficiency ratio
Natural garlic was prepared without the outer covering, (FER) = Live weight gained (g) ÷ Dry feed given (g) X 100.
dried and ground to become powder. Oil garlic was Protein  efficiency  ratio  (PER)  = Wet weight gained (g)
obtained from franconpharm GmbH (Germany). Garlic ÷ Amount  of  protein  fed  (g).  Hepatosomatic  index
powder manufactured in ATOS pharma-Cairo-Egypt was (HIS) = Liver weight/ fish body weight. The gross energy
purchased . content  of   the   diets   was   calculated   by   using  the

Wt-ln W0 ÷ T X 100 (ln = natural logarithm; W0 = initial

Feed conversion ratio (FCR) = Total dry feed consumed
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Table 1: Formulation and chemical composition of experimental diets (g/100g dry diet)

Experimental diets
--------------------------------------------------------------------------------------------------------------------------------------

Items 1 2 3 4

Ingredient (%)
Fish meal 20.00 20.00 20.00 20.00
Soybean meal 24.00 24.00 24.00 24.00
Starch 47.00 43.00 43.80 46.75
Corn oil 1.00 1.00 1.00 1.00
Natural garlic - 4.00 - -
Garlic powder - - 3.20 -
Garlic oil - - - 0.25
Vit mix * 2.00 2.00 2.00 2.00
Min mix * 1.00 1.00 1.00 1.00
Cellulose 5.00 5.00 5.00 5.00
Total 100.00 100.00 100.00 100.00
Chemical composition, % (on DM basis) 
Crude protein ( CP ) 25.16 25.06 25.32 25.04
Crude fat ( EE ) 4.56 5.46 6.49 7.60
Crude fiber ( CF ) 6.11 5.89 6.07 5.79
Nitrogen free extract (NFE) 56.94 56.81 55.54 55.10
Ash 7.23 6.78 6.58 6.47
Organic matter(OM) 92.77 93.22 93.42 93.53
Dry matter(DM) 89.60 90.24 90.12 89.82
Gross energy (GE) 418.70 426.10 432.10 439.20

*Vitamin mix: Each 2.5kg contained vit A 10 mIU, D 3 mIU , E 10gm , B  1g , B  4g , B  1.5g , B  10mg , Pantothenic 10g , Nicotinic acid 20g , Folic1   2   6   12

acid 1000 mg , Biotin 50 mg and Choline Chloride 500 mg.
**Min mix: Each kg contains 727.78 g CaHpo . 2H o, 127.5g MgSo . 2H o, 60g NaCl, 25g FeSo . H o, 5.5g ZnSo , 0.48g CoSo . 7 H o, 0.3g Ca (Io )4  2   4  2     4  2   4   4   2    3 2

6H o, 0.13g CrCl . 6 H o and 50g Kcl2   3   2

factors   of   5.65  Kcal/g  protein,  9.45  kcal/g  lipids  and 1µ mol reduced glutathione/ min in presence of cumene
4.10 kcal/g diet [17]. hydroperoxide. The activity of SOD (E.C.1.1.5.1.1) was

Biochemical Analysis: Chemical analysis of feed epinephrine method by Misra and Fridovich [25] and it
ingredients and fish body composition, moisture content was expressed in units of enzyme activity/ gm of liver
was determined by oven drying at 105°C for 10 hrs tissues (U/g wet wt)/ ml of blood serum (U/ml blood
(constant weight). Crude protein was indirectly measured serum). The activity of CAT (E.C.1.1.1.1.6) was determined
by analysis of total nitrogen (CP = N X 6.25) using the spectrophotometrically at 240 nm by Beers and Sizer [26]
Kjeldahl method. Lipid, crude fiber and ash contents of and it was expressed in bergmyer units/ Bu/ prer g wet wt.
fish whole body were determined according to standard or mg protein. One Bu is the amounts of CAT
methods [18]. Total protein content in blood serum was decomposed 1000 mg of hydrogen peroxide/ min. MDA
determined by the Biuret method described by Wootton was determined according to the method described by
[19]. Glucose concentration was measured according to Nair and Turner [27], MDA formed in the course of lipid
Trinder [20]. Ttriglycerides and cholesterol were estimated peroxidation was determined with 2-thiobarbituric acid
according to the method described by-Stein [21]. AST and [TBA]. 0.5 ml homogenate without filtration was taken and
ALT were determined according to Rittman and Frankel 4.5  ml  of  TBA  reagent  was  added.  The  mixture  was
[22]. ALP (E.C.3.1.3.1) activity was determined according heated using boiling water bath for 20 min, centrifuged at
to the method described by Williamson [3]. Gper 2500 r.p.m, the photometric measurement was carried out
(E.C.1.1.1.1.9), activity was determined by measurement of at 532 nm.
the reduced glutathione substrate (GSH) remaining after
the action of the enzyme using the combined methods of Statistical Analysis: Data were analyzed by analysis of
Chiu et al. [24] with Ellmans reagent in presence of variance using the SAS program [28]. Duncan’s multiple-
cumene hydroperoxide as a secondary substrate. The unit range test [29] was used to verify significance of the mean
of enzyme  activity is the amount of Gper which consumes differences among treatments.

determined spectrophotometrically at 480 nm by the
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RESULTS significant (P<0.01) difference if fish fed on garlic oil

Growth Performance: Growth performances of fish after no significantly differences with all treated groups
three month of feeding on garlic in different forms are compared to the control group.
summarized in Table 2; fish groups fed on garlic oil had Antioxidant enzymes activity in blood serum of fish
higher final body weight, weight gain and SGR than fish treated with garlic (such as Gper, (85.84 U/ml), SOD,
fed on other groups. There were no significant differences (378.63 U/ml) and CAT (89.87 mmol/ml) showed significant
in the final body weight among fish groups fed on diets (P<0.01) increase in their activity as in (Table 4), but MDA
with garlic. The highest amounts of dry feed intake concentration   (34.55  nmol  MDA/ml)  showed
(g/fish/day) were seen in fish groups fed on natural garlic, significant (P<0.01) decrease in blood serum of Nile tilapia
garlic oil and powder, respectively. Results in Table 2 (O. niloticus) fed on garlic compared to fish fed on diet
show that, FCR decreased significantly (P<0.01) to without garlic. 
1.77and 1.65 in O. niloticus fed on garlic oil diet, compared Antioxidant enzymes activity, in liver of fish fed on
to the control group (2.27). Also, PER increased with garlic showed significant (P<0.01) increase of such as
different treatment groups fed on garlic (1.62). Feed Gper  (85.84   U/ml),   SOD,   (450.38   U/ml)   and CAT
efficiency ratio (FER) increased with garlic oil group. (99.48 mmol/ml), but MDA concentration (39.55 nmol /ml)
There was a significant difference between FER of fish showed significant (P<0.01) decrease in liver homogenate
group fed on diet containing garlic oil and that of the tissues of Tilapia nilotica (O. niloticus) fed on garlic
other fish groups. Also there were no significant compared to the control group as in Table 5. 
differences in the hepatosomatic index between treated ALP   activity   decreased   significantly  with  adding
groups and the control group. Allium    sativum    to    diets    (49.58,    38.64    and  34.37

Protein content in the body of fish was U/l)compared to the highest values were obtained in the
significantly(P<0.01) higher in the groups fed on diet control group (49.58 U/l). The changes in AST activity in
containing of garlic (64.25%) than in other control groups blood serum are shown in Table 6. AST activity decreased
but no significant difference between the treatment (P<0.01)  significantly  with  adding  Allium sativum to
groups (Table  3). Contrarily, total lipids content in fish diets (92.63, 80.73 IU/l), compared to the control group
body decreased (P<0.01) significantly (17.31%) in all fish (117.86 IU/l), also showed significant (P<0.01) differences
groups fed on garlic compared to control. Ash content in-between (92.63, 80.73, 82.46and 82.46 IU/l, respectively).
was showed significantly (P<0.01) decreased (18.24%) in Also, ALT activity in blood serum after treatment with
fish  fed  on natural garlic and garlic powder diet, but no Allium   sativum  was significantly (P<0.01) decreased in

compared to control. Dray matter content in fish body was

Table 2: Effects of garlic on body tissues composition of Nile tilapia (O. niloticus) (Mean + SE)
Experimental groups
-----------------------------------------------------------------------------------------------------------------------------------------------------

Measurements Control Group1 Group2 Group3
Initial body weight (g) 20.03±0.40a 20.30±0.65a 20.17±0.65a 20.13±0.56a
Final body weight (g) 35.30±0.23c 38.73±0.20b 39.98±0.17a 38.90±0.17b
Total weight gain (g) 15.27±0.26c 18.43±0.17b 19.81±0.20a 18.77±0.20b
Specific growth rate (%) 1.53±0.07c 1.56±0.05b 1.58±0.07a 1.56±0.06b
Relative growth rate (%) 76.24±0.78d 90.78±0.52c 98.22±0.55a 93.79±0.58b 
Dry matter feed intake (g) 48.99±0.21c 50.01±0.33a 49.62±0.33b 49.37±0.18b
Feed conversion ratio (%) 3.21±0.25a 2.71±0.15b 2.51±0.21c 2.63±0.17b
Feed efficiency ratio (%) 31.17±0.07d 36.85±0.09c 39.92±0.05a 38.02±0.08b
Protein efficiency ratio (%) 1.11±0.1d 1.33±0.06c 1.42±0.09a 1.36±0.09b
HIS (%) 1.90±0.09a 1.63±0.01b 1.58±0.01b 1.69±0.01b
Survival rate (%) 97.87±1.12b 99.0±0.12b 100.0±0.0a 100.0±0.00a
Means with the different letters for each parameter is significantly different at P<0.01

Table 3: Effect of garlic on body tissues composition (of Tilapia nilotica (O. niloticus) fed on different forms of garlic(Mean + SE)
Experimental groups
------------------------------------------------------------------------------------------------------------------------------------------------------------

Measurements Control Group1 Group2 Group3
DM 22.15±0.41a 22.07±0.15a 22.01±0.50a 21.92±0.58a
Ash 19.17±0.28a 18.24±0.24b 18.44±0.58b 18.57±0.47b
Protein 60.93±0.24b 64.25±0.26a 64.17±0.44a 63.69±0.32a
Lipids 19.90±0.15a 17.31±0.25b 17.39±0.33b 17.74±0.36b
Means with the different letters for each parameter is significantly different at P<0.01
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Table 3: Effect of garlic on body tissues composition (of Tilapia nilotica (O. niloticus) fed on different forms of garlic(Mean + SE)
Experimental groups
-------------------------------------------------------------------------------------------------------------------------------------------------------------

Measurements Control Group1 Group2 Group3
DM 22.15±0.41a 22.07±0.15a 22.01±0.50a 21.92±0.58a
Ash 19.17±0.28a 18.24±0.24b 18.44±0.58b 18.57±0.47b
Protein 60.93±0.24b 64.25±0.26a 64.17±0.44a 63.69±0.32a
Lipids 19.90±0.15a 17.31±0.25b 17.39±0.33b 17.74±0.36b
Means with the different letters for each parameter is significantly different at P<0.01

Table 4: Effects of garlic on Antioxidant Gper, SOD, CAT, MDA in blood serum of Nile tilapia (O. niloticus) fed on garlic(Mean + SE)
Experimental groups
--------------------------------------------------------------------------------------------------------------------------------------

Measurements Control Group1 Group2 Group3
Gper activity U/ml blood serum 35.88±0.43d 61.88±0.24b 65.84±0.19a 35.68±0.22c
SOD activity U/ml blood serum 255.54±1.92d 365.54±1.68b 378.63±2.60a 359.29±2.54c
CAT activity mmol/ml blood serum 65.35±0.91c 75.66±0.87b 89.87±1.33a 89.34±1.22a
MDA nmol /ml blood serum 42.33±2.44a 36.33±2.33b 35.62±3.23b 34.55±2.33b
Means with the different letters for each parameter is significantly different at P<0.01

Table 5: Effects  of  garlic  on  antioxidant  glutathione  peroxidase,  superoxide dismutase, catalas, malonyldialdehyde in liver tissues of Tilapia nilotica
(O. niloticus) fed on garlic (Mean + SE)

Experimental groups
---------------------------------------------------------------------------------------------------------------------------

Measurements Control Group1 Group2 Group3
Glutathione peroxidase activity U/g wet. Wt. In liver 61.88±0.74d 69.88±0.43c 95.44±0.55a 75.68±0.72b
SuperOxide Dismutase activity U/g wet. Wt. In liver 395.78±1.18d 444 .65±1.48c 450.38±2.24a 446.65±2.14b
Catalase activity mmol/g wet. Wt. In liver 75.33±0.97d 85.65±0.97b 99.48±1.32a 99.77±1.32a
Malonyldialdehyde nmol MDA /g wet. Wt. In liver 52.33±2.44a 42.33±2.44bc 45.62±3.23b 39.55±2.33c
Means with the different letters for each parameter is significantly different at P<0.01

Table 6: Effects of garlic on ALP, transaminases AST & ALT, in blood serum of Nile tilapia (O. niloticus) fed on garlic(Mean + SE)
Experimental groups
-----------------------------------------------------------------------------------------------------------------------------------

Measurements Control Group1 Group2 Group3
Serum Alkaline phosphatase U/L blood serum 49.58±2.44a 38.64±0.88b 33.68±1.44c 34.37±0.87c
Serum AST U/L blood serum 117.86±4.57a 92.63±3.50b 80.73±2.63c 82.46±1.92c
Serum ALT U/L blood serum 53.80±0.66a 38.48±2.87b 39.35±1.60b 37.38±0.72b
Means with the different letters for each parameter is significantly different at P<0.01

Table 7: Effects of garlic on blood glucose, total protein, triglycerides, cholesterol in blood serum of Tilapia nilotica (O. niloticus) fed on garlic(Mean + SE)
Experimental groups
--------------------------------------------------------------------------------------------------------------------------------------

Measurements Control Group1 Group2 Group3
Blood glucose mg/dl 115.51±4.18a 96.49±1.58b 85.75±1.58b 82.56±1.49c
Total protein in serum gm/dl 2.90±0.39d 3.29±0.43c 3.71±0.38a 3.53±0.27b
Triglycerides in serum mg/dl 74.55±1.22a 60.87±1.38b 59.33±0.96b 56.33±0.78c
Cholesterol in serum mg/dl 140.35±0.88a 119.53±1.80b 121.45±0.79b 114.96±0.91c
Means with the different letters for each parameter is significantly different at P<0.01

groups fed on garlic (38.48, 39.35 and 37.38 IU/l), compared with the control 74.55, 140.35mg/dl, this results
compared to the control group (53.80 IU/l) as in Table 6. illustrated in Table 7. 

Blood serum glucose showed significant (P<0.01)
decreases (82.56 mg/dl) in fish fed on diets containing DISCUSSION
Allium sativum diet compared to control. But the total
protein level in blood serum showed significant (P<0.01) This experiment investigated the effects of different
increase (3.71 gm/dl) in O. niloticus fed on diets form of Allium sativum on antioxidant activity in Nile
containing different form of garlic than that fish fed on tilapia. The final weight, weight gain and SGR increased
diet without garlic (2.90gm/dl). The mean value of significantly in all treated groups fed on Allium sativum.
triglycerides and cholesterol levels in blood serum of  fish Also the highest growth performance was observed in
showed decreased (P<0.01) significantly in fish fed on fish groups fed on garlic containing diets. These results
diets containing Allium sativum (56.33mg/dl, 114.96mg/dl) partially agree with those mentioned by Diab et al. [7],
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who   obtained   the   highest   growth   performance   in defense systems in O. niloticus [7], also its powder
O. niloticus with 2.5% garlic/kg diet. Also, Abou-Zeid [30] increase  the  antioxidant  capacity  in  hamsters [11].
showed  that  Allium  sativum  supplementation Garlic oil and its component enhanced SOD activity in
positively affected O. niloticus biomass and SGR. Feed liver [9]. Garlic extract exerts antioxidant action by
intake   increased   with   increasing  Allium  sativum. scavenging reactive oxygen species, enhancing the

cellular antioxidant enzymes SOD in the cells [16]. On the
Allium sativum levels. Feed efficiency ratio and PER are other hand, effect of garlic oil on SOD activities was
used as quality indicators for fish diet and amino acid decreased in tissue homogenates of liver and kidney after
balance. So, these parameters are used to assess protein garlic treatment [12].
utilization and turnover. These results are also in CAT activity in serum and in liver tissue
agreement with those obtained by Khattab et al. [31] who homogenates also showed significant increase in fish
found that the dietary of Biogen® increased feed intake, groups  fed  on  diets  contained garlic compared to
FCR, PER and body composition (crude protein, ether control group. This result is similar to results showed that,
extract, ash and moisture) in fish. In this study, the results the use of garlic in fish farming enhancing the activity of
sowed that body composition of O. niloticus, crud protein non-specific defense systems in O. niloticus [7]. Also, its
and ash increased significantly with diets containing powder increases the antioxidant capacity in hamsters
different sources of Allium sativum while total lipid [11]. Garlic oil and its component enhanced CAT in the

cells [16].
Allium sativum. These results agree with those obtained One of the end products of lipid peroxidation
by Abdelhamid et al. [32] and Khattab et al. [31], who processes is MDA. It showed a significant decrease in
found that inclusion of Biogen® in the diet increased fish group fed on diet contained garlic compared to fish fed on
protein content and decreased whole body fat in fish. On diet without garlic. Schulz et al. [6] reported that, garlic
the  other hand,  there  were  no  significant  changes  in has been antioxidant properties, which could have inhibits
fish body composition caused by different garlic levels lipoxygenase enzymes, increase the antioxidant capacity
Diab et al. [7]. in hamsters [11]. Lipid peroxides, decreased significantly

Gper activity in blood serum and in liver tissue in liver and kidney after garlic oil treatment [12]. Treatment
homogenates showed significant increase in fish groups of rats with the antioxidant S-allyl cysteine sulfoxide
fed on diets contained garlic compared to the control isolated from garlic, controlled lipid peroxidation [15].
group. These results were similar to the finding that Garlic extract exerts has antioxidant action by scavenging
consumption of garlic powder increase the antioxidant reactive oxygen species ROS, inhibits lipid peroxidation,
capacity in hamsters [11]. Garlic oil and dialiyldisulfide reducing ischemic/reperfusion damage [16].
increased  glutathione levels in red blood cells [9]. Glucose concentration in blood serum reduced
Diabetic rats with the antioxidant S-allyl cysteine sulfoxide significantly in fish fed on diets containing different
isolated from garlic, controlled lipid peroxidation, these sources of Allium sativum. This condition was attributed
could be due to both its antioxidant and its secretagogue to improving of the antioxidant system in $ cell of
actions [15]. Garlic extract increase antioxidant action by pancreas to produce insulin. These results agree with
scavenging reactive oxygen species, enhancing the those of Kumar and Reddy [36] and Thomson [37] who 

cellular antioxidant enzymes, Gper and  increasing found that feeding mice with garlic induced significant
glutathione in the cells [16]. Also, increase glutathione decrease of serum glucose levels. Lower levels of plasma 

activity in catfish after fed on diet containing selenium glucose in fish have also been reported in the assessment
and vitamin E [33]. Effects of dietary antioxidant increase of biochemical effects of Allium sativum [38] 
Gper in Atlantic salmon Salmo salar [34]. Gper activity in Blood serum protein is a fairly labile biochemical
liver tissues of Nile tilapia exposed to Cu toxicity system, precisely reflecting the condition of the organism
decreased in Nile tilapia fed on diet contained dietary and the changes happening to it under influence of
antioxidant vitamin C [35]. internal and external factors. Total protein in serum was
 SOD activity in blood serum and in liver tissue significantly high with fish fed on diet containing any
homogenates showed significant increase in fish groups source  of  garlic,  which agrees with the results of
fed on diets contained garlic compared to the control Hussein et al. [39] who showed that serum total protein
group. This result is similar to results showed the use of level was elevated in male albino rats after administration
garlic in fish farming enhanced the activity of non-specific of garlic oil. Increase the total protein level in

 

Feed  conversion  ratio  decreased  with  increasing       

content decreased significantly with the same sources of
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hyperlipidemic rats treated with Allium sativum oil could cause stabilized cell membrane and protect the liver
be attributed to the increase in the immunoglobulin level against deleterious agents and free radical-mediated toxic
and total globulin concentration [40]. High serum protein damages to the liver cells. This is reflected in the
levels have been reported due to improve liver and other reduction of liver enzymes. Garlic helps the liver to
organs functions which synthesized plasma protein. maintain its normal function by accelerating the

Reduction of total lipid in blood serum of O. niloticus regenerative capacity of its cells. Allicin treatment seems
fed on diets containing garlic in different forms is in to be an enhancing effect for antibody activity [46].
agreement with the study of Adler and Holub [10] who It can concluded that garlic improved the growth
verified that serum total lipid and total cholesterol performance and cell protection against the effects of
decreased significantly in men treated with garlic and fish oxidative substances in Nile tilapia. 
oil alone or combined. Also, Hussein et al. [39] found that
the serum total lipid decreased significantly in albino rats REFERENCES
after administration of garlic. The sulfur containing
compound of garlic may be increased the oxidation of 1. Lewis, W. and M. Elvin-Lewis, 2003. Medical Botany:
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