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Abstract

In order to develop a natural preservative for
improving the shelf life of fishery products, solvent-
free extracts were prepared from raw, water bath
boiled (WBB) and microwave-boiled (MOB) garlic
(Allium sativam). Garlic juices showed antioxidant
activity as determined by DPPH radical scavenging
method and FRAP antioxidant power assay and
antibacterial activity against all the 13 fish spoilage
and fish-borne bacteria tested by agar well diffusion
method. Raw garlic juice showed significant (p<0.05)
radical scavenging effect (96.81+0.11%) followed by
WBB juice (58.70+2.51%) and MOB juice (50.33+0.22%)
at 20% concentration. The IC;; value of raw, WBB
and MOB garlic juices were respectively 7.63, 14.86
and 18.76 ug mll. Among the three garlic juices, the
raw garlic juice showed the strongest antibacterial
activity against both gram-positive and gram-nega-
tive bacterial strains. Highest zone of inhibition was
against gram-positive bacteria Bacillus licheniformis
(565.0+0.57 mm) followed by gram-negative bacteria
Yersinia enterocolitica (44.0+0.57 mm) indicating its
potential as a natural preservative. The natural
preservative isolated from garlic significantly de-
layed the rate of microbial spoilage and extended the
shelf life of tuna fillets by six days during refriger-
ated storage demonstrating its potential as an excel-
lent natural antioxidant and antibacterial agent
which can be used as an effective alternative to
synthetic antioxidant and antibacterial agents.
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Introduction

Fish is a highly perishable food item and spoilage
occurs soon after its death. Different mechanisms
are responsible for fish deterioration during refrig-
erated or low temperature storage (Howgate, 2006)
especially due to lipid oxidation and microbial
spoilage (Pereirade Abreu et al, 2010). Lipid
oxidation is a critical problem during food process-
ing, distribution, storage and consumption as it
decreases food quality, stability, safety and nutritive
value. Antioxidants may suppress the lipid
peroxidation by reducing the availability of metal
catalysts and quenching the radicals in the system,
leading to the termination of oxidative radical chain
reactions (Athukorala et al., 2003; Matthaus, 2002).
The most widely used synthetic antioxidants in food
are butylated hydroxyl toluene (BHT), butylated
hydroxyl anisole (BHA), propyl gallate (PG) and
tertiary butyl hydro quinone (TBHQ). However, due
to their unstable nature and possible adverse side
effects, the demand for novel natural antioxidant
sources has greatly increased (Aligiannis et al.,
2003).

Food poisoning occurs when food gets contami-
nated with bacteria or other pathogens due to
improper food processing, handling, preparation
and storage. Synthetic chemicals and antibiotics are
widely used against these microorganisms, but
bacteria develop resistance against many antibiotics
due to the indiscriminate use of commercial
antibiotics (Mukherjee et al., 2002). In addition,
sometimes these antibiotics cause allergic reaction
and immunity suppression. Consumers are also
concerned about the safety of foods containing
synthetic preservatives. Hence, there has been
increasing interest towards the development of new
types of effective, nontoxic, natural antibacterial
compounds, such as juices of spices and herbs for
food preservation (Smid & Gorris, 1999).
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Several reports are available on antioxidant and
antimicrobial activity of garlic. However, many of
them are based on its organic solvent extracts and
essential oil (Ameen et al., 2003; Shin & Kim, 2004)
which may pose residue problem and difficulty in
incorporation into aqueous food systems. Further,
many such reports are based on in-vitro studies and
very few studies are applied in real food systems.
Ethanolic extracts of garlic have been reported to
cause detrimental effect and residue problem. Use
of essential oils is still limited because of their
susceptibility to oxidation, volatility and/or thermal
instability and immiscible nature with aqueous
system (Debberma et al., 2012). In order to avoid
such problems, we followed different methods for
extraction of garlic without adding any organic
solvent. Tuna fillets are one of the commercially
important fishery products with high economic
value and growing demand in international markets
because of their nutritional value. Hence, the present
study was aimed at evaluating the antioxidant and
antibacterial activities of garlic juice and its effect
on extension of shelf life of tuna fillets during
storage.

Materials and Methods

Garlic (Allium sativum) was purchased from local
market, peeled and washed in distilled water. 100
g of garlic was ground for 2 min without adding
water or organic solvents. Three different types of
garlic juice were prepared from the ground mixture
(i) raw was obtained by simple sieving/filtering of
the ground mixture through a fine cotton cloth; (ii)
water bath boiled juice was obtained by boiling the
ground mixture for 30 min at 100°C and sieved (iii)
micro oven boiled (MOB) juice was obtained by
cooking 100 g of ground mixture in microwave oven
at 900 watts for 2 min and sieved. The final quantity
of the Raw, WBB, MOB juices were 40, 20, 20 ml
respectively. The three types of juices were stored
at 4°C for further analysis. All the chemicals and
media used in the study were of analytical grade
and purchased from various companies viz., Sigma,
Qualigens, Merck and HIMEDIA.

Antioxidant activity of garlic juices was measured
in terms of hydrogen-donating or radical scavenging
ability, using the stable radical 2, 2 -Diphenyl-1-
picrylhydrazyl (DPPH). A volume of 150 pl of garlic
juice of five different concentrations (4, 8, 12, 16 and
20%) was made by diluting with distilled water and
put into screw cap test tubes, and 2 ml 6 x 105 M
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methanolic solution of DPPH was added. The
percentage inhibition of the DPPH radical was
calculated according to the method of Yen & Duh
(1994).

Ferric Reducing Antioxidant Power (FRAP) assay
was carried out according to the procedure of Benzie
& Strain (1996) with some modifications. A volume
of 20 pl of juices with different concentration (20,
40, 60, 80 and 100%) of juices and 2 ml of the FRAP
reagent was added into the tubes and mixed well.
The absorbance of the reaction mixture was then
recorded using UV-spectrophotometer at 593 nm
after 4 min. The results were expressed as p mol
Fe(Il)g! dry weight of garlic.

Total phenolic content in the garlic juices was
estimated by the method of Singleton & Rossy
(1965). The amount of total phenolics was expressed
as catechol equivalents in mg phenols 100 g of
garlic juices.

Standard cultures of bacterial strains were procured
from Microbial Type Culture Collection (MTCC),
Chandigarh (India) and few bacterial strains
(Aeromonas hydrophila, Bacillus cereus, Bacillus pumilus
and Micrococcus sp.) were isolated from fish and
they were maintained on Nutrient Agar (NA) slants
at 4°C. Standard bacterial strain used were Pseudomnio-
nas aeruginosa (MTCC-4676), Escherichia coli (MTCC-
40), Salmonella Typhi (MTCC-3220), Yersinia
enterocolitica (MTCC-859), Vibrio cholerae (MTCC-
3904), Bacillus subtilis (MTCC-121), Staphylococcus
aureus (MTCC-87), Listeria monocytogenes (MTCC-
657) and Bacillus licheniformis (MTCC-429).

Agar well diffusion method (NCCLS, 1993) was
used for antibacterial assay. A suspension (contain-
ing approximately 10° cfu ml!) was swabbed with a
cotton swab in three directions on MHA plates.
Sterile cut pipette tips of 6 mm diameter were used
to make wells, 50 pl and 100 pl of garlic juices were
added into the wells. Ampicillin 1% (100 ul well™!)
and 10% DMSO (100 ul well!) were used as the
positive and negative controls respectively. The
plates were then incubated for 24 h at 37°C. The
results were recorded by measuring the diameter of
the growth inhibition zones surrounding the loaded
agar well. Tests were carried out in triplicate.

Tuna fillets were prepared from long tail tuna
(Thunnus tonggol) fish procured from Versova fish
market, Mumbai. The mean weight of the fillets was
about 100-150 g. The fillets were dipped in 10 and
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20% of raw garlic juices and kept at 4°C for 30 min.
After draining off the excess liquid, the fillets were
placed in sterile polythene bags and stored at
refrigerated temperature (4°C). Periodically (0, 4, 7,
10 and 13 days), samples in triplicates were
randomly removed from each treatment group, and
the chemical, microbial and sensory characteristics
were determined.

Total plate count was estimated by spread plate
technique (BAM, 2001). The average counts of the
triplicates were taken and the counts were calcu-
lated as cfu g of the sample. TBA of fish sample
was estimated by standard procedure as given by
Tarladgis et al. (1960). TBA value is expressed as
mg malonaldehyde (MDA) kg sample.

Tuna fish fillets were subjected to sensory evaluation
based on characterization and differentiation of the
various sensory characteristics such as appearance,
odour, flavour, taste, consistency and overall accept-
ability during storage days. The panellists were
asked to assign a score of 1-9 as prescribed by
Meliguard et al. (1999). An overall acceptance score
was calculated as an average of all scores and score
of 6 and above was considered as acceptable.

To verify the statistical significance of the selected
parameters, means+SE of analyzed samples were
(n=3) used. For the assessment of antioxidant and
antibacterial activity, one-way ANOVA was used.
The P values of <0.05 were considered significant.

Results and Discussion

Table 1, shows the effective concentrations of each
juice required to scavenge the DPPH radical and the
scavenging values as inhibition (%). It can be seen
that the juices exhibited varying degrees of scaveng-
ing capacities. Raw garlic juice showed the strongest
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(p<0.05) radical scavenging effect (96.81+.11%) fol-
lowed by WBB juice (58.70+2.51%) and MOB juice
(50.33+0.22%) at 20%. The IC;, value of raw, WBB
and MOB garlic juices were respectively 7.63, 14.86
and 18.76 ug mll. It could be explained by their
ability to donate a hydrogen atom from their
phenolic hydroxyl groups (Sawa et al., 1999) and the
results (Table 1) showed that there is a large
difference in inhibition activity of raw juice and
WBB and MOB garlic juices at 20%.

FRAP assay, which is a measure of the antioxidant
potential, was estimated based on the ability of
garlic juices to reduce TPTZ-Fe (IIl) complex to
TPTZ-Fe (II) complex due to antioxidants. The
reducing power of juices serves as a significant
indicator of its antioxidant activity. Among all the
juices, raw garlic juice showed the highest FRAP
value, followed by WBB and MOB garlic (249.79+2.48,
169.45+7.17, 115.79+1.01 pu mol Fe(ll) g! dry wt
respectively) as shown in Table 2. The antioxidant
activities of phenolic compounds are mainly of
redox properties, including free radical scavenging,
hydrogen donating and singlet oxygen quenching
(Mayachiew & Devahastin, 2008). Pulido et al. (2000)
reported the reducing capacity of polyphenols, as
determined by the FRAP assay.

Among the juices, raw garlic juice contained a
significantly higher amount of total phenolics
(138.33+5.74 mg phenols 100 g) followed by WBB
juice (86.58+1.12 mg phenols 100 g!) and MOB juice
(82.41£1.90 mg phenols 100 g?) respectively and
were significantly different p<0.05 (Table 3). Many
studies observed correlations between the antioxi-
dant activity and content of phenolic compounds
(Nuutila et al., 2003; Parejo et al., 2002). In the
bivariate correlation of the present study, the
correlation coefficient of changes of antioxidant
capacity (%) with total phenolic contents (TPC)

Table 1. Antioxidant activity of different types of garlic juice at different concentrations measured by the DPPH method

Sample/ Inhibition (%)

Concentration

(%) 4 8 16 20 IC ,
Garlic raw 27.82+0.892C 45.52+1.00bC 61.36+1.58B 81.70+1.274B 96.81+0.11¢C 7.63
Garlic WBB 22.46+0.8°B 30.95+0.34bB 41.28+0.47°A 51.08+2.8244 58.70+2.5198 14.86
Garlic MOB 14.83+0.5924 24.82+0.87bA 38.23+0.68A 45.18+0.654A 50.33+0.22¢4 18.77
IC,, concentration (g I') for a 50% inhibition

Results are mean + standard error (n=3); values with different letters within a row (a-e) and values with different letters
within a column (A-C) are significantly different (p<0.05) in one way ANOVA followed by Tukey HSD test
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Table 2. Antioxidant activity of different types of garlic juice at different concentrations measured by FRAP method

Sample/ p mol Fe (I) g1 dry wt

Concentration

(%) 20 40 60 80 100
Garlic raw 45.45+2.482A 93.45+8.278 111.249.92bC 157.12+1.66P 249.79+1.949C
Garlic WBB 45.87+3.8724 78.37+2.94B 80.04+5.44°B 131.45+17.97bB 169.45+7.17°8
Garlic MOB 36.45+0.4624 41.45+1.4724 48.20+0.872bA 68.54+510.1°A 115.79+1.01A

Results are mean * standard error (n=3); values with different letters within a row (a-e) and values with different
letters within a column (A-C) are significantly different (p<0.05) in one way ANOVA followed by Tukey HSD test

showed that DPPH values and FRAP values were
highly correlated with TPC in all the garlic juices.
In DPPH method, raw garlic (R2=0.9935, p<0.01),
WBB garlic (R?>=0.9946, p<0.01) and MOB garlic
(R?=0.9331, p<0.05) juices showed high positive
linear correlation with total phenolic contents. In
FRAP assay also, raw garlic juice (R*=0.9761,
p<0.01), WBB garlic (R*<0.9783, p<0.01) and MOB
garlic (R=0.9582, p<0.05) showed similar correlation
with total phenolic contents indicating phenolic
compounds as responsible for their antioxidant
capacity. It is well known that phenolic compounds
contribute directly to the antioxidant activity of
spice extracts (Rice-Evans et al., 1996). Much of the
total antioxidant activity of fruits and vegetable is
related to their phenolic content, not only to their
vitamin C content, also a correlation exists between
the polyphenol content and antioxidant activities
(Ramakrishnan et al., 2010).

From these results it can be observed that raw garlic
juice shows excellent antioxidant activity due to
high amount of total phenolic content compared to
other two boiled juices, revealing that the boiling of
garlic reduces the total phenolic content. The
decrease in antioxidant capacity of boiled garlic at
100°C (Jastrzebski et al., 2007, Wangcharoen &
Morasuk, 2009) and escape of some volatile sulphur-
containing compounds at 65°C (Yin et al., 2002) have
been observed earlier.

Inhibition zone of raw garlic juice against 13 fish-
borne pathogenic and fish spoilage bacteria showed
that garlic juice at different doses had substantial
inhibitory effect against all the tested bacterial
strains (Table 4). Among all the tested juices, raw
garlic juice exhibited the strongest antibacterial
activity against both gram-positive and gram-
negative bacterial strains. The highest inhibition
zone was shown against gram-positive bacteria

© 2014 Society of Fisheries Technologists (India) Fishery Technology 51 :

B.licheniformis (55.00+0.57 mm) at 100 pl followed by
gram-negative bacteria Y. enterocolitica (44.00+0.57
mm). At 100 ul dose of raw garlic juice, P. aeruginosa,
E. coli, S. Typhi, V. cholerae, B. subtilis, S. aureus, L.
monocytogenes, B. licheniformis, B. cereus, and B.
Pumilus were found more susceptible compared to
1% Ampicillin (Table 4), which clearly revealed that
the raw garlic juice exhibits greater antibiotic action
against bacteria than synthetic antibiotic.

WBB garlic juice showed different degrees of
inhibition zone against all tested bacterial strains
(Table 4). WBB garlic juice showed high activity
against gram-positive bacteria such as Micrococcus
sp, B. cereus and B. subtilis, with their respective zone
of inhibition of 30.00+0.57 mm; 29.33+0.88 mm and
28.66+0.33 mm at 100 pl of juice (Table 4). MOB
garlic juice showed the highest antibacterial activity
against gram-positive bacteria B. subtilis with high
inhibition zone (45.66.+0.33 mm) at 100 ul (Table 4).
The garlic WBB and MOB juices also showed strong
antibacterial activity against gram-positive bacteria
than gram-negative bacteria.

The results revealed clear differences in the sensi-
tivity of different bacteria to garlic juices, suggesting
that mechanisms of action are different in different
organisms. This may be due to the lipid content of
the membranes of different microorganisms and the
permeability of bioactive constituents. The antibac-
terial activity of garlic has been ascertained to the
action of bioactive molecules such as allicin,
diallylthiosulphinic acid and diallyl disulphide
(Avato et al., 2000). It was also observed that WBB
and MOB garlic juices showed less antibacterial
activity for certain bacteria than raw garlic juice. The
loss of antibacterial activity by heating at 100°C and
900 Watts in WBB and MOB juices may be due to
loss of volatile molecules and/or the physical and
chemical changes that take place during heating. It
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Table 3. Total phenolics contents of different types of garlic juice at different concentrations

mg phenols 100 g

Sample/

Concentration

(%) 20 40 60 80 100
Garlic raw 5.16+1.584 42.16+0.84°C 72.08+1.37<C 96.5+2.504B 138.33+5.74¢°B
Garlic WBB 2.66+0.9624 28.08+1.97bB 42.08+4.29B 69.75+1.32dA 86.58+1.12¢A
Garlic MOB 4.160.6024 13.25+0.802A 27.08+0.50b4 57.83+5.21¢A 82.41+1.9094

Results are mean + standard error (n=3); values with different letters within a row (a-e) and values with different letters
within a column (A-C) are significantly different (p<0.05) in one way ANOVA followed by Tukey HSD test

Table 4. Diameter of inhibition zone (mm) of garlic raw juice against fish-borne pathogen and spoilage bacteria using

well diffusion method

Standard references

Name of Bacteria/ Garlic raw juice Garlic WBB juice Garlic MOB juice Positive ~ Negative
Sample/ Control control
Concentration (ul)

50 100 50 100 50 100 Ampicillin 10%

(1%) DMSO

Pseudomonas 15.334¢0.332>  23.33+0.33¢  11.33+0.33*  12.66+0.33" 21.66+0.33>  26.00+0.57¢  11.33+0.332 —
aeruginosa
Aeromona 32.00£0.00°  38.66+0.33¢  14.00+0.00®  20.33+0.669 19.66+0.66°>  22.00+0.00°  41.66+0.33¢ —
shydrophila
Escherichia coli 13.33+0.33>  21.66+0.33  15.66+0.33"  18.66+0.33¢ 20.33+0.33> 25.33+0.33¢  13.00+0.332 —
Salmonella Typhi 18.66+0.33¢  21.33+0.33¢  10.66+0.33°  12.66+0.33  18.66+0.33> 22.00+0.00¢  11.00+0.572 —
Yersinia 34.66+0.332  44.00£0.57°  14.33+0.33>  19.66+0.66° 17.66+0.33*  23.00£0.00°  45.66+2.18" —
enterocolitica
Vibrio cholerae 25.66+0.33"  31.33+0.33¢  11.00+£0.00®® 13.33+0.33°  22.66+0.33>  26.00£0.57°  21.00+0.572 —
Bacillus subtilis 16.00£0.33>  20.66+0.33°  23.66+0.33"  28.66+0.33¢  35.00+0.57° 45.66+0.33¢  11.66+0.332 —
Staphylococcus 17.33+¢0.33>  20.33+0.33°  10.33+0.332  14.00+0.00°> 16.33+0.33>  19.66+0.33°  12.00+0.572 —
aureus
Listeria 16.33+0.33¢  21.66+0.33¢  13.33+0.33> 21.00+0.009  28.66+0.33>  33.66+0.66° 11.00+0.572 —
monocytogenes
Bacillus 41.00£0.57°  55.00+0.57¢  16.00+0.00°> 19.00£0.009  15.33+0.33>  19.00+0.57¢  48.33+0.33¢ —
licheniformis
Bacillus cereus 30.33+0.33¢  39.33+0.33°  25.33x0.33" 29.33+0.88° 20.66+0.33°> 28.00+0.009  20.33+0.332 —
Bacillus pumilus 26.00£0.00°  30.00+£0.00¢  18.66+0.66°  21.00+0.00°  20.00+£0.00>  23.00+0.009  25.33+0.33P —
Micrococcus sp. 34.00£0.002  38.66+0.33¢  21.00+0.00°  30.00+0.57¢  20.66+0.33>  28.00+0.009  41.66+0.33¢ —

Results are mean + standard error (n=3), values within a row with different superscript letters are significantly different

(p<0.05) in one way ANOVA followed by Tukey HSD test

has been reported that the antibacterial activity of
garlic decreased as the heating temperature in-
creased and the activity of garlic extract by heating
at 80°C to 90°C for 5 min was completely destroyed
(Dababneh & Al-Delaimy, 1984).

© 2014 Society of Fisheries Technologists (India) Fishery Technology 51 :

Based on the antioxidant and antibacterial
activity results of different garlic juices (Tables 1-
4), raw garlic juice was selected to evaluate its
preservative effect on tuna fish fillets during
storage studies.
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TBA value of untreated fish fillet progressed
significantly as storage days increased but raw garlic
juice treated fillets retarded the increase in TBA
values (Fig. 1). The initial TBA value of tuna fillets
was 0.82+0.01 mg MDA kg muscle. A rapid lipid
oxidation occurred in the control, by which TBA
value increased to 2.75+0.03 and 7.67+0.01 mg MDA
kg muscle on Day 4 and Day 10, respectively. The
fillets treated with garlic juices 10 and 20% had
significantly (p< 0.05) lower TBA values throughout
the storage period of 13 days, indicating antioxidant
activity of garlic juice in retarding lipid oxidation.
At the end of storage period, the most profound
differences were noticed for samples treated with
raw garlic juices, where the TBA values were well
below the threshold level of 3 mg MDA kg fish
muscle (Connell, 1990) throughout the storage
period. Whereas, the TBA of control fillets crossed
3 mg of MDA kg on 7 day of storage indicating
early spoilage of fillets. Hence, it is clearly evident
that the garlic juices extended the shelf life of fish
fillets by six days compared to control samples.

Changes in the total bacterial counts during storage
are shown in Fig. 2. The initial TPC counts (4.12+0.00
log cfu g) of all fillet samples indicate acceptable
quality, considering the proposed upper limit for
aerobic plate count of 5.70 log cfu g for fresh fish
(ICMSF, 1986). The microbiological condition of fish
muscle is directly related to fishing ground and
environmental factors (Ludorff & Meyer, 1973).
During the storage period, the TPC counts gradually
increased as storage time increased. TPC count of
fish fillets dipped in 10 and 20% of raw garlic juice
increased from the initial level of 4.12+0.00 log cfu
gl to 7.45+0.00 log cfu g?, 7.20£0.00 log cfu g
respectively on 13" day of storage period, whereas

—4—Control
~—Garlic 10%

Garlic 20%

TBARSin mg MDA kg'

Fig. 1. Changes in the TBA in tuna fillets dipped in raw
garlic juices during storage
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TPC of control has reached 8.97+0.00 log cfu g. The
control fish fillet reached the TPC count 7.45+0.00
log cfu g! at 7™ day of storage, whereas fish fillet
treated with 20% raw garlic juice, TPC count
reached 7.20£0.00 log cfu g at 13 day of storage.
This revealed that the raw garlic juice significantly
delayed the rate of microbial spoilage and extended
the shelf life of fish fillet by 6 days during storage.
In sensory evaluation, the overall acceptability of
control and treated tuna fillets in 10 and 20% of
garlic juices gradually decreased during storage
(Fig. 3). The overall acceptance score of tuna fish
fillets dipped in 10 and 20% of raw garlic juices got
more than the acceptable level (>6), while control
tuna fish fillet became unacceptable (5.38+0.11) after
a storage period of 13 days (Fig. 3), which clearly
showed that raw garlic juices effectively extended
the shelf life of tuna fillet during refrigerated storage
at 4°C.

It can be concluded from this study that garlic juice
has excellent antioxidant and antibacterial activities
against all 13 fish spoilage and fish-borne bacteria.
The raw garlic juice has higher antioxidant activity
because of its high phenolic content, but water bath-
boiled and microwave oven boiled extracts showed
reduced antioxidant activity with reduced phenolic
contents. Similarly, raw garlic juice showed the
strongest antibacterial activity against both gram-
positive and gram-negative bacterial strains. The
extension of shelf life of tuna fish fillets by dip
treatment in raw garlic juice (at 10 and 20%) reveals
that raw garlic juice can be used as a natural
preservative to improve the shelf life of fishery
products.

10

=4=Control
—#—Garlic 10%

Garlic 20%

Log cfu g
~

Fig. 2. Changes in TPC of tuna fillets dipped in raw
garlic juices during storage
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©
© »
—E—

—&— Control

—&-Garlic 10%
Garlic20%

Overall Acceptability
~
(3, ]

Fig. 3. Changes in over all acceptability of tuna fillets
dipped in 10 and 20% raw garlic juices during
storage
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