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Abstract:

BACK GROUND: Garlic (Alliumsativum) is known for itsanti-
bacteria properties, but information on its effects against bacteria
speciesthat areimportant in fish diseasesisscarce. OBJECTIVES:
The aim of this research was to use garlic as a natural product to
improve the aquatic animal health status so asto compensate the
demand for environment-friendly products for sustainable
aquaculture. METHODS: For this purpose thee methods of
extraction including: row garlic extract, water, ethanol and
methanol extract wereusedfor in-vitrotoxicity testsonAeromonas
sobria by disk diffusion and tube test. RESULTS: According to
resultsin 200 and 400 mg/mL concentrations of ethanol extract of
garlic, the inhibition zone of bacterial growth was 7 and 10 mm
respectively. Therewasnoinhibition zonefor all concentrations of
methanol extract of garlic. Inwater garlicextract theinhibitionzone
for concentrations of 100, 200 and 400 mg/mL were 8, 10 and 14
mm respectively. For 100% and 50% raw garlic theinhibition zone
was 27 and 8 mmrespectively. MICfor Aeromonas sobriain ethanol
extract, water extract and raw garlic were estimated as 200, 100
mg/mL and 10%respectively. MBCfor theseextractswasa soestimat-
edas300, 100 mg/mL and 25% respectively. CONCL USIONS: Our
dataindicate that raw and water extract of garlic have the highest
antibacterial effect. Ethanol extract had alower effect and methanol
showed no bacteriostaticeffect. Therefore, garlicextract caninhibit
the growth of Aeromonas sobria, an important fish pathogen, and
may havetherapeutic value, particularly for carp.

moles sulfhydryl (SH)/mL of 40 KD garlic

Garlic (Allium sativum) is known as a potent
medicine with broad therapeutic properties ranging
from antibacterial (Martin and Ernst, 2003; Ross et
a., 2001; Rossand Yin, 2001) to antivirus (Shoji et
al.,1993; Weber etal ., 1992), anticancer (Harrisetal .,
2001), antifungal(Mousavi et al., 2008) and anti-
protozoa(Peyghanet al., 2008; Harandi et a ., 2006).
Thefreshgarlicbulbhassul fur-containingcompounds
suchasallicin, which hasmany medicinal properties.
Quantitative tests revealed that there were 17.8 n
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proteinlocalized in the parenchyma sheath cells and
the cortical cells of garlic bulbs (Wen et a., 1995).
Garlic has long been known to have anti-bacterial
properties, but thereislittle dataonitseffectsagainst
bacteria species that are important in fish diseases.
With the rise in bacterial resistance to antibiotics
there is considerable interest in the development of
other antimicrobialsfor the control of infection. The
main antimicrobial constituent of garlic has been
identified as the sulphur compounds and alicin.
Allicinisthe major thiosul phinate compound found
ingarlic homogenate (Banerjeeet a., 2003). Itisthe
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one of the active principles of freshly crushed garlic
homogenates that was found to exhibit antibacterial
and antiparasitic activity by means of chemica
reaction with thiol groups of various enzymes
(Martin and Ernst, 2003). Inhibito-lethal activity
against Giardia intestinalis was noted with crude
extract of garlicat 25 ug mL " and lethal dosagewas
established as50 pug mL (Harriset a., 2001).

With the increase in bacterial resistance to
antibiotics, there is considerable interest in the
devel opment of other classesof antimicrobial sforthe
control of infection. More recently, garlic has been
proven to be effective against the growth of gram-
positive, gram-negative and acid -fast bacteria
(Harris et a., 2001). The fresh garlic has sulfur
containing compounds such as alicin, which is an
odorless material (Ankri and Mirelman, 1999;
Peyghan et al., 2008). Allicin itself is very unstable
and decomposes rapidly (Brodnitz et al., 1971).
Typical garlic contains about 1% allicin. Other key
material sareallyl methyl thiosul phonate, 1-propenyl
dlylthiosulohanate and L-glutamyl-S-alkyl-L-
cysteine (Fenwich and Hanley, 1985). Indeed, garlic
extract has been shown to have awide spectrum of
antibacterial activity including, effectson Escherichia
and Salmonella (Johnson and VVaughn, 1969), Staphy-
lococcus (Cavallito and Bailey, 1994), Klebsiella
(Jezowa et d., 1966), Proteus, Clostridium,
Mycobacterium (Delaha and Garagusi, 1985) and
Helicobacter species (Jonkers et a., 1999). In ad-
dition, certain oral Sreptococcus mutans have been
shown to be sensitive to garlic extract and a mouth
wash containing garlic extract was more effective at
reducing the total salivary bacterial count and the
mutans streptococcal count (Fani et al., 2007). The
aim of this study was, therefore, to investigate the
antimicrobial effect of garlic extract on animportant
bacteria which usually causes disease in freshwater
fishes. In this research garlic was used as a natural
product for improving the aguatic animal health
status to compensate the demand for environment-
friendly productsfor sustainable aquaculture.

Material and M ethods
Bacterial preparation: Thetestswereconducted

using a clinica isolate of Aeromonas sobria. The
Aeromonassobriawasisolated and had beenidentifi-
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edpreviously fromadi seased commoncarpby means
of biochemical and serological tests.

Garlic preparation: For this purpose raw garlic
extract, water, ethanol and methanol extract were
used for in-vitro toxicity tests. Raw garlic homo-
genatewasprepared by crushingthegarlicinapestle
and mortar. For water extract, ethanol extract and
methanol extracts, dry garlic bulbswere crushed and
mixed withwater, ethanol and methanol respectively
by clean mixer. The preparations were left to dry at
room temperature and the sediments were collected
Separately.

Diffusion test: Organismswere spread on Muel-
ler-Hintonagar for thetestsandwerecoded andtested
blindly by disk diffusion test method. The prepared
extractswereused invariousconcentrationsof garlic
and antibiotics. For this purpose 4 types of garlic
extract were used (crud extract, water extract,
methanol and ethanol extract) in three replicates
each. For crud extract 100% and 50% garlic extract
wereusedandfor water extract, methanol and ethanol
extract 3 concentrations (100, 200 and 400 mg/mL.)
were used for each experiment. In this method, for
disc inhibition with extracts, 50 yL of extract was
added to each disc paper. For the controls the discs
were imbibed by water, methanol and ethanol
respectively. Also, crudegarlicextractswereserially
dilutedin Mueller-Hinton agar intubesand each was
inoculated with 0.5 degree of McFarland bacterial
cell suspension. For determination of minimum
inhibitory concentration (MIC) and minimum
bactericidal concentration (MBC), 100 pL of each
concentration of garlic extract was added to 1 mL of
Muller-Hinton broth containing Aeromonas sobria
in concentration equal to 0.5 scales of McFarland.
Tubesand plateswereincubated at 37 °Cfor 24 hours
and the highest dilution where there was no growth
and bactericidal effect wererecorded astheMIC and
MBC respectively (Ankri and Mirelman, 1999). Asa
negative control, distilled water, methanol and
ethanol wereusedfor comparison (theblank disk).As
the positive control, a disk of Trimethprim sulfa-
methoxazole, Amikacin, Oxytetracyclin, Strepto-
mycin and Amoxicillinwere used.

Results

According to results in the 200 and 400 mg/mL
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concentrations of ethanol extract of garlic, the
inhibition zone of bacterial growthwas 7 and 10mm
respectively. There was no inhibition zone for all
concentrationsof methanol extract of garlic. Inwater
garlic extract the inhibition zone (Figure 1) for
concentrationsof 100, 200and 400 mg/mL were8, 10
and 14 mm respectively. For 100% and 10% raw
garlic the inhibition zone was 27 and 8 mm
respectively.

MIC for Aeromonas sobria in ethanol extract,
water extract and raw garlic was estimated as 255,
100, mg/mL and 10% respectively (Table 1). MBC
for these extracts were also estimated as 300, 100
mg/mL and 25% respectively. Our dataindicate that
raw and water extract of garlic had the highest
antibacterial effect. The ethanol extract had alower
effect and methanol showed no bacteriostatic effect.

Asnegativecontrol, distilled water, methanol and
ethanol (blank discs) showed no growth inhibition
zone. Asthe positive control, adisk of Trimethprim
sulfamethoxazole, Amikacin, Oxytetracyclin, Strepto-
mycin and Amoxicillin had diameters of 24mm,
24mm, 12mm, 20mm and 9mm respectively.

Discussion

Theresultsshowed that crudeextract of garlichas
the best and most powerful anti-bacterial effect on
Aeromonas sobria where the diameter of outgrowth
of the halo was 27 mm. The anti-bacterial effect of
garlicisassignabletotheallicin. Garlichasplayedan
important medicinal rolefor centuries. Garlicherbis
another kind of vegetablewhich hasan effectiveanti-
microorganism nature that can be used for the
treatment of many diseases with its curative nature.
Allicin has a very changable structure and dis-
integratesrapidly, soit can bestated that fresh garlic
has a greater anti-bacterial effect than other types of
garlic. It hasbeenreported that garlic extract showed
in-vitro activity against viruses such as influenza A
and B (Fenwichand Hanley, 1985), cytomegal ovirus
((Meng et al., 1993), rhinovirus, HIV, herpes
simplex1 (Tsai etal.,1985) and 2 (Weber etal ., 1992),
viral pneumoniaand rotaviruses(Harrisetal., 2001).
Mousavi et a. (2008) showed that garlic gel wasused
in an investigation against ringworm disease and a
75-77% treatment success was seen. Peyghan et a.
(2008) showed that garlic extract had amarked effect
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Figure 1. Inhibitory zone of water garlic extract.

Table 1. Inhibitory zoon, MIC and MBC concentration in
different garlic treatments. (*) This concentration is MIC or
MBC respectively.

Inhibition
Extract 700N MIC MBC
100% crud 27mm
50% crud 8mm - -
25% crud - - *
10% crud 0 *
400 mg/mL ethanol extract 10mm - -
300 mg/mL ethanol extract - - *
200 mg/mL ethanol extract 7mm *
100 mg/mL ethanol extract 0

400mg/mL aqueousextract ~ 14mm
300 mg/mL aqueousextract -
200mg/mL aqueousextract ~ 10mm

100 mg/mL aqueousextract 8mm * *
Amikacin 24mm
Oxytetracyclin 12mm
Streptomycin 20mm
Amoxicillin 9Imm

Trimethprimsulfamethoxazol 24mm

on the protozoan parasite, Neoparamoebapema-
quidensis.

Trimethoprim sulfamethoxazolewasusedin this
survey and is categorized as a sulfonamide drug.
Trimethprim sulfamethoxazol eisacomplex product
of trimethoprim sulfate and trimethoprime. The
spectrum of sulfonamide compound with tri-
methoprimisvast and reducesthebacterial resistance
risk. However, the antibacterial effect of fresh garlic
extract was shown to be more than Trimethprim
sulfamethoxazole.

MIC for Aeromonas sobria in ethanol extract,
water extract and raw garlic was estimated as 255,
100, mg/mL and 10%respectively. Inanother study it
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was shown that MICsand MBCs of aqueousallicin
extract were 35-95 mg/l and 75-315mg/l. Time/dose
kill curves produced a 2-3 log reduction in cfu/mL
within 3h and no detectable growth at 8 and 24h
(Cutler etal., 2009). Mousavi et al. (2008) explained
that M I C of the agueous and methanol extract of garlic
on Trichophyton mentagrophytes and Microsporum
caniswas the same; however, the effect of methanol
on Microsporum gypseum was more than that of the
agueousextract. Vaseeharan et a. (2011) showed the
in-vitro and in-vivo inhibitory effects of Allium
sativum extract evaluated in a multidrug-resi stant
survey by Vibroharveyi. In that study freshly
squeezed garlic extract showed greater inhibitory
activity against V. harveyi than freeze-dried garlic
extract and methanolic garlic extract.

In this research it is proved that the use garlic
extract can prevent bacterial growth. This survey
showed the clear effect of garlic extract on the
Aeromonas sobria agent of bacterial septicemia
disease in fresh water fishes. Although methanol
extract does not have an anti-bacterial effect, water
and ethanol extractshave afairly good anti-bacterial
effect where water extract is superior to ethanol.
Therefore, accordingto our results, garlic extract can
inhibitthegrowth of Aeromonassobria, an important
fish pathogen and may have therapeuticval ue, hence
it can be suggested for control of this disease,
particularly for carp. Therearemany studiesongarlic
propertiesin Iran and other countries; however, our
study is the first study that concentrates on fish
pathogens. In our study garlic extract had an obvious
antibacterial effect and can be an an effective
treatment using natural sources. It would also beless
expensive than some other synthetic drugs.
Moreover, this kind of product may be safe for fish
and havelessimpact on the environment.
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