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Objective: To evaluate the efficacy of dietary doses of garlic (Allium sativum L.) peel on the
hematological and disease resistance of African catfish [Clarias gariepinus(C. gariepinus) |
fingerlings against the infections caused by opportunistic bacterial pathogen Aeromonas
hydrophila. Methods: Powdered garlic peel was incorporated into the diets at (0%, 0.5%, 1.0%
and 1.5%) and fed to catfish fingerlings for 20 days. After the feeding trial, biochemical (serum
total protein, albumin and globulin), hematological parameters (white blood cells and red blood
cells) of the fish were examined. Fish were challenged with Aeromona hydrophila (A. hydrophila)
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after 20 days of post feeding and percentage mortalities were recorded up to 10 days after post
challenge. Results: Enhanced serum protein, albumin and globulin in fish fed with all the
dosages of garlic peel when compared to control group. Significantly highest red blood cell and
white blood cell counts were recorded in garlic peel incorporated diet fed groups compared
to control group. The results also demonstrate that low survival rate (55.5+11.0)% in control
groups and significantly higher survival rates were recorded in all the garlic peel fed groups
after challenging with A. hydrophila. However no significant impact was noticed with regard to
body weight gain, specific growth rate and food conversion ratio of fish fed with different levels
of garlic peel inclusion and control group. Conclusions: These results indicate that garlic peel
enhances the hematological parameters even at a low level (0.5%) incorporation and makes C.
gariepinus highly immunopotent and more resistant to infection by A. hydrophila.

considered the most promising method of preventing

1. Introduction

Aquaculture fish production has increased significantly
over the past few decades which has lead to intensive
fish culture practices where stressors like over crowding,
transport, handling, size grading and poor water quality
are common problems. It has been widely demonstrated
that farmed fish are more susceptible to various disease
agents in intensive farming. In order to improve health
conditions in the rearing of aquatic organisms, several
alternatives such as improved husbandry, nutrition and
water quality; optimal stocking density; and use of vaccines,
probioticsl!] and immunostimulantsi2] have been proposed.
The enhancement of the immune system of fish is
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fish diseases in aquaculture. This enhancement can be
achieved with application of vaccines, which enhance the
specific immune response of the fish and are considered to
be the most effective agents. Further the use of antibiotics
and chemotherapeutics to combat fish diseases has several
drawbacks including the risk of generating resistant
pathogens, bicaccumulation and environmental pollution.
The available commercial vaccines are expensive for fish farmers
and are highly specific against particular pathogensl3. 41. In
contrast to vaccines, immunostimulants enhance the non-
specific immune response of fishi5l. The major components
of the innate immune system are macrophages, monocytes,
granulocytes and humoral elements, like lysozymelsl.
Several biological and synthetic compounds have been
shown to enhance non specific immune system of cultivated
fishi7-9]. Immunomodulatory activity of several plants and
herbal components have been available and mostly studied
in mice, fish, chickens or human cell lines[10. 11].
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Garlic (Allium sativum L.), is a medicinal plant which
has been used for thousands of years in Indian ayurvedic
medicine. Many beneficial health benefits of garlic are
attributed to organosulphur compounds, particularly to
thiosulfanates (R-S-S (0)-R)121. Garlic has shown hypolipidemici13],
anti—microbialll4], antihypertensivell5], hepatoprotectivell6],
insecticidall6] and anti fungal activity [17l. Garlic extract has also
been shown to reduce serum cholesterol levelsi18l. Allium
species also been reported to have immune enhancing
activities that include promotion of lymphocyte synthesis,
cytokine release, phagocytosis and natural killer cell
activityl19. 201. Huge quantities of garlic are consumed
all over the world for flavouring various types of food
and their outer layers not been utilized and discarded as
waste. Earlier studies are more focused on the utilization
of garlic pulp and its extracts in fishi20l. No information is
available on the immunostimulatory effects of garlic peel in
aquaculture. Hence the present study is aimed to determine
the immunostimulating effect of garlic peel in African
catfish [Clarias gariepinus(C. gariepinus)] fingerlings.
The study was evaluated the effects on biochemical and
haematological parameters of the serum/blood of fishes for
the first time using garlic peel.

2. Materials and methods
2.1. Fish and their maintenance

African catfish C. gariepinus is one of the common fresh
water fish species was used in this study. Fingerlings of African
catfish [average weight (8+2) g; length (11.30£2.5) cm)] were
obtained from a private fish farm, Sungai Petani, Malaysia.
The fish were transported in polythene bags with sufficient
aeration to the animal house. They were carefully transferred
to circular cement tanks (400 L) and left undisturbed
overnight. The fish was acclimatized under aerated
conditions for a period of 10 days at (28.0«1.5) °C. Fish were
fed with a commercial catfish feed at ad libitum twice daily
during the acclimatization period.

2.2. Plant material and feed formulation

The plant material, Allium sativum was purchased at local
supermarket, Sungai Petani, Malaysia. The peels were
separated from the garlic bulbs. The peels were washed
thoroughly and oven dried at 50 °C. Then, the peels were
ground into fine powder using heavy duty blender. Then
the powder was incorporated into fish feed at a rate of 0 g
(control), 5 g, 10 g and 15 g per/kg feed to prepare different
experimental fish diet. The garlic peel free feed was used
as a control diet including fish meal(45.7%), soya bean
meal(16.6%), rice bran(11.5%), CMC binder(2.0%), wheat(21.0%),
Vitamin mix(2.0%), fish 0il(1.2%). The dry ingredients were
mixed thoroughly with water for 10 minutes. The resulting
dough was pelleted, dried at room temperature for 48 hours
and then stored in airtight containers until fed.
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2.3. Experimental design and feeding trial

African catfish fingerlings (n=180) were randomly divided
into four groups (T1, T2, T3 and T4). Each group of 45
fingerlings was again divided into three equal triplicate
subgroups and maintained in 12 plastic troughs (40 L
capacity). Each aquarium was supplied with aeration by
aquarium aerators. Group T1 was fed with basal diet and
treated as the control. The remaining groups were fed with
5 g garlic peel/kg of feed (Group T2), 10 g garlic peel/kg
(Group T3) and 15 g garlic peel/kg of feed (Group T4) for
20 days. The fish were fed ad libitum twice daily at 9:00
and 17:00. Water exchange (50.0%) was done daily and
water quality was monitored throughout the experimental
days at weekly intervals. Temperature was (28+1.5) °C, pH
6.5+1.5, dissolved oxygen concentration (5.2+0.3) mg/L.
Specific growth rate (SGR) and feed conversion ratio (FCR)
were estimated for both control and experimental groups.
The following formula was used to calculate the growth
parameters.

SGR (%/day) = 100x[(InW, — In W)/t], where W, and W, are
average initial and final body weights, respectively, and t is
time (days);

FCR = Food consumed (g) / Weight gain (g)

2.4. Collection of blood and determination of hematological
and biochemical parameters

After 20 days of post feeding the feed was withheld from
fish for 24 hours prior to collection of blood. Six fish from
each subgroup were randomly selected for blood and
serum collection. Heparin was used as an anticoagulant.
Blood was collected from the caudal vein with a 1 mL
plastic syringe ringed with heparin and stored at 4 C.
The blood was then transferred immediately to a test tube
containing heparin solution and shaken gently. The blood
was used for determination of RBC and WBC count. Blood
samples were also collected without heparin, allowed
to clot and centrifuged at 7 000 g for collection of serum
and refrigerated. Sera and blood were pooled into four
groups for estimation of hematological and biochemical
parameters. Serum samples were analyzed for total protein
following the method of Lowry et all2l], albumin content by
Doumas et all22] and globulin content (subtracting albumin
from the total protein). Total erythrocyte count (RBC) was
performed following the method of Hendricks(23] using a
haemocytometer where a total leukocyte count (WBC) was
determined following the method of Shawi241.

2.5. Culture of pathogen

Aeromonas hydrophila(A. hydrophila) (ATCC 49140) was
obtained from ALLEIGHTS Sdn. Bhd, Malaysia and cultured in
nutrient broth (Himedia) for 24 hours at 37 °C_ The broth culture
was centrifuged at 3 000 g for 10 min. The supernatants were
discarded and the pellets were re suspended in phosphate—
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buffered saline (PBS 7.4), and the OD of the solution was
adjusted to 0.5 at 456 nm, which corresponded to 1x10" cells
mL". The bacterial suspensions were then serially diluted
using standard dilution technique with PBS and used for the
challenge experiment. After 20 days of feeding, 9 fish from
each subgroup were intraperitoneally injected with 0.1 mL
of suspended bacteria. Mortality was recorded until 10 days
following infection.

2.6. Statistical analysis

Data for growth (SGR and FCR), hematological and
biochemical parameters were analysed using one—way
analysis of variance (ANOVA) and significant differences
among treatment means were compared using Duncan’s
multiple range test (DMRT) using SPSS version 11 (Duncan,
1955). Significance was tested at 5% level.

3. Results
3.1. Fish growth and feed efficiency

The growth parameters of African catfish C. gariepinus
fingerlings fed with various dietary incorporation of garlic
peel are presented in Table 1. The dietary inclusion of
garlic peel had no significant (P>0.05) impact on weight
gain, specific growth rate and feed conversion ratio of C.
gartepinus fingerlings when compared to garlic peel fed
groups and control group. No mortalities were observed
in all the treatment groups and control group during the
feeding trial.

3.2. Blood/serum biochemical and hematological parameters

The serum/blood biochemical and hematological
parameters are shown in Table 2. Significantly higher
protein content was recorded in the 1.0% and 1.5% garlic
peel fed treatments than the control. The higher amount of
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albumin and globulin was observed in all the three garlic
peel incorporated diet fed groups when compared to control
group. However no significant difference was noticed within
dietary inclusion of garlic peel fed groups. The red blood
cells are significantly higher in garlic peel fed groups than
control group. Significantly highest white blood cell count
was recorded in 1.5% garlic peel incorporated diet fed group
whereas no significant difference was noticed among the
other garlic peel inclusion group T2, T3 and control groups.

3.3. Disease resistance (HY(Z .S'll?'ix'l.l‘(l]

After challenging fish with A. hydrophila, the mortality
was recorded for 10 days. There was no mortality of fish up
to 24 hrs. The fish fed with different percentages of garlic
peel showed significantly (P<0.05) higher survival rate when
compared with control. The highest survival rate (96%)
was recorded in fish fed with 1.5% of garlic peel (Figure 1).
However no significant difference was noticed among the
three levels of garlic peel incorporated fed groups (P>0.05).
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Figure 1. Effect of different levels of garlic peel inclusion on survival
rate of African catfish fingerlings after challenging with bacteria A.
hyrophila (values are mean + SD).

a: P>0.05, b: P<0.05.

Table 1

Growth parameters of African catfish fingerlings fed with various dietary incorporation of garlic peel.
Treatments Initial weight (g) Final weight (g) Weight gain(g) SGR (%/day) FCR(%)
T1(control) 8.77+0.18 18.05+0.85 9.28+0.67 3.60+0.13 2.14+0.47
T2 (0.5%) 8.71+£0.30 17.67+0.49 8.95+0.52 3.53+0.16 2.33+0.38
T3 (1.0%) 8.88+0.27 18.09+0.52 9.22+0.25 3.56+0.10 2.10+0.17
T4 (1.5%) 8.79+0.01 17.99+0.76 9.20+0.75 3.57+0.20" 1.75+0.55

Table 2

The biochemical and hematological parameters of fingerlings of African catfish fed with different levels of garlic peel incorporated diets.

Dietary treatments Protein (g-dL™) Albumin(g-dL™) Globulin(g-dL™) (1000 iﬁﬁ ) a 000‘521312 ™)

T1(control) 5.29+0.10° 0.19+0.05" 5.09+0.05° 418+29" 209"
T2 (0.5%) 5.48+0.10" 0.28+0.05 5.19+0.15 490+9 307"
T3 (1.0%) 5.64+0.05 0.29+0.10 5.34+0.05 470+30 28+3°
T4 (1.5%) 5.63+0.03 0.30+0.01 5.33+0.30 515+50 41+4

" P<0.05.
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4. Discussion

The use of natural immunostimulants in aquaculture has
been increasing rapidly for the prevention of diseases and also
to avoid the indiscriminate use of hazardous antibiotics [3, 41.
Herbal immunostimulants are biocompatible, biodegradable
and safe for the environment and human health(251. Hence
the present study investigated the effect of garlic peel as
an immunostimulant in African catfish. Survival of the fish
was not significantly (P>0.05) affected by the experimental
diets. Weight gain, SGR and FCR of African catfish fed with
experimental diet containing different levels of garlic peel
was also not significantly different (P>0.05) than those of fish
fed with control diet. The present study corroborates with
the study results of Sahu et all20] in Labeo rohita fingerlings
fed with 1 g, 5 g and 10 g of garlic bulb/kg feed and revealed
that no significant difference in SGR and FCR of fish fed with
garlic bulb and control diet.

Leucocytes play an important role in non specific or innate
immunity and their count can be considered as an indicator
of the health status of fishi26]. Significantly increased (P<
0.05) total white blood cell counts following 20 day garlic
peel post feeding trial supports the anti—infection properties
of garlic peeli27l. This result is also supported by another
study by Choudhury et ali28] found that there was an increase
in the WBC count when Labeo rohita juveniles were treated
with immunostimulants like levamisole and ascorbic acidi2s].
The erythrocyte count was higher in garlic peel fed groups
when compared to control groups. The erythrocyte count
increased with the administration of garlic peel, which might
indicate an immunostimulant effect. The findings conform
to those by Duncan and Klesiusl29] who reported that the
number of erythrocytes was significantly greater in channel
catfish fed with a diet containing b—glucan.

The serum total protein after 20 days of feeding with
garlic peel increased (P<0.05) compared to the control diet.
Siwickil30] observed an increase in total protein content
after feeding of b—glucan (0.2%) and chitosan (0.5%) in the
diet. The serum proteins like albumin and globulin are
the major proteins, which play a significant role in the
immune response of fish. Globulins like gamma globulin
are absolutely essential for maintaining a potential immune
system. Serum albumin and globulin values in fish fed
with garlic peel were higher than the control. Increase in
serum protein, albumin and globulin levels are thought to be
associated with a stronger innate immune response of fishi311.

After challenge with A. hydrophila, all treated groups
showed a significantly (P<0.05) reduced mortality compared
to the control group. The best survival rate was observed
in the group fed with 1.5% garlic peel. Several studies have
been reported that, the survival of infected fish is increased
after treatment with various immunostimulants(7l, vaccines[32]
and probioticsi33l. Feeding carp with chitosan and levamisole
reduced the mortality of common carp after challenge with
A. hydrophila341. A similar result was reported after feeding
large yellow croaker with glucan and challenging with Vibrio
harveyi3sl. Citarasu et ali36] developed an artemia—enriched
herbal diet for penaeus monodon with a combination of five
herbs, which significantly increased the growth and survival
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during stress conditions. Several herbs were tested for their growth
promoting activities in aquatic animals(5.26. It is evident from the
present study that garlic peel (A. sativum) could enhance fish
immunity after incorporation in feed, even at a lower dose
of 5 g/kg of feed. The present results suggest that inclusion
of garlic peel in the diet would improve the non—specific
immunity of fish and prevent bacterial infections in culture
systems. This is a basic study provides a new perspective
for the use of garlic peel waste as a dietary supplement
added to fish food to enhance the disease resistance of
fish and prevent from diseases. Further purification of the
active compounds and their evaluation may substantially
improve the quality as well as their usage in aquaculture as
immunomodulators.
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