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ABSTRACT: The objective of this study was to look into the effect of plant extracts on the microbial contamination of
mullet fish. Antimicrobial activities of three plant extracts (olive leaves, garlic heads, and aloe vera gel) against
spoilage organisms of samples collected from Bardawil lagoon were assessed by measuring inhibition zones, using the
plate diffusion method and aloe vera gel gave the best inhibition effect. The aqueous extracts (1%) of plants were used
to make ice to study their antimicrobial effect against natural microbial fish isolates. The results indicated that the
microbial contamination has increased during storage time in all treatments, however the preservation of fish in ice
made with plants’ extracts, especially aloe vera gel, decreased the numbers of TBC, Psychrophilic and Vibrio counts
significantly (P <0.05) compared to the control. The sensory evaluation test indicated that the best results have achieved
with fish samples preserved in ice made with aloe vera gel. The results’of this study constitute an indicator of possible
bacteriological contamination of mullet fish. This study confirms the effectiveness of some plant extracts as natural
antimicrobials and recommends the possibility of employing them in fish preservation where spoilage is caused mainly

by microbial activity.
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INTRODUCTION

Fish is considered an important source of food for
humans and it is a very perishable product. After the
death, the quality of fish decreases for many reasons
such as; the chemical reactions which lead to changes in
protein and lipid fractions, the formation of biogenic
amines and hypoxanthine. Additionally, microbiological
contamination is another important source of fish
spoilage. Such factors will lead to the loss of freshness
and quality of fish over a time period. (Sikorski ef al,,
1990; Parisi et al, 2002; C)zogul et al., 2006). Fish
contain many bacteria in their digestive system such as
gram-negative Vibrio-like organism (~10" CFU/g) and
by the time these bacteria may cause a violent autolysis
post mortem and a microbiological spoilage (Larsen et
al., 1978; Cakli et al., 2007). The most common
bacteria that cause fish spoilage and shorten shelf life
are;  pseudomonas, Moraxella, Acinetobacter,
Shewanelia, Flavobacterium, Vibronaceae,
Aeromonadaceae, Bacillus, Micrococcus, Clostridium,
Lactobacillus, Corynebacterium, and Photobacterium
Phosphorenm. Fish spoilage with this microorganisms
may be increased when the total bacterial counts in fish
increase up to 10° - 10® CFU/g which results in the
production of off-odors and flavors which mainly
caused by bacterial metabolites (Cutting and Spencer
1968; Gram and Dalgaard, 2002). This quality of fresh
fish is largely dependent on the microbial contamination
during handling, marketing and during storage (El-Deen
et al., 2007), especially that fish muscles contain a low
amount of glycogen in addition to the high post-mortem
pH which makes the fish meat more susceptible to
microbial attack (Black et al., 1962). Care in fish
handling is vital because the unnecessary damage can
hasten fish spoilage by providing access to the spoilage
bacteria through cuts and wounds and penetrate the
flesh via the collagen fibers when the fish were stored at

higher temperatures (> +8°C) and as a result the fish
must be chilled quickly and kept chilled (Graham et al.,
1992).

The main aim of fish preservation is to delay,
reduce or inhibit the microbial spoilage. Fresh fish can
‘be preserved by chilling to about 0—8°C in wet ice (1:1).
However, there are some disadvantages of using water
ice such as; drip loss, textual toughness, nutrient loss,
and decreased protein extractability and these
disadvantages can be avoided by rapid cooling of fish
after catching and the maintenance of adequate
refrigeration during handling and storage (Lehane and
Olley, 2000; Jeyasekaran ef al., 2004). However, the
freshness loss during storage in ice depends on the
species and ambient temperature (Lauzon ef al., 2010).

Plant extracts can be used to preserve fresh food
from spoilage due to their antimicrobial activity.
According to Samya and Ez-Elrigal, (2006) minced
garlic could extend the shelf life of fish during cold
storage. However, if plant oils and/or extracts will be
used for food preservation, the issues of safety and
toxicity should be considered (Reynolds, 1996). Aloe
vera extract has antifungal and antimicrobial effects
(Valverde et al.,, 2004). The Aloe gel could inhibit the
growth of Trichophyton mentagrophytes (20.0 mm),
while the leaf inhibited the growth of both
Pseudomonas aeruginosa, Candida albican, Shigella
Hexneri and Streptococcus pyogenes. In contrast, Aloe
vera extracts could not inhibit the growth of
Xanthomonas species (Satish et al., 1999; Ferro et al.,
2003; Agarry et al., 2005). This antimicrobial effect of
Aloe vera may be due to the Acemannan which consider
a strong anti-microbial against bacteria through its
ability to stimulate phagocytic leukocytes (Lawless and
Allan, 2000; Pugh e ol, 2001; Alemdar and Agaoglu,
2009).
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Olive leaf extract is a natural product and consider
as a potent natural antibiotic that can fight a great
variety of resistant microorganisms with no side effects.
Olive leaf extract has Oleuropein which has been shown
to have antimicrobial activities against different
microorganisms such as viruses, retroviruses, bacteria,
yeasts, fungi, molds and other parasites since it is
interferes with amino acid’s production pathways
necessary for viruses and bacteria to grow (Benavente-
Garcia et al., 2000; Furneri et al., 2002; Cioffi et al.,
2010).

Garlic is one of the edible plants that has some
materials such as allicin which has antiviral and
antibacterial effects and its mechanism of antimicrobial
action is through the interaction with thiol-containing
enzymes, including cysteine proteases and alcohol
dehydrogenases since these enzymes are essential for
bacterial nutrition and metabolism (Rabinkov er al.,
1998; Kathi and Kemper, 2000; Ward er al, 2002).
Garlic extracts could prevent the formation of
Staphylococcus enterotoxins A, B, and Cl and also
thermonuclease (Gonzalez-Fandos ef al., 1994).

MATERIAL AND METHODS

Preparation of ice with natural additives:

The ice was made from sea water mixed with
aqueous extract of powdered plants. The materials,
(Olive tree leaves, Garlic and Aloe gel) were
individually used to prepare aqueous extracts containing
the polar active compounds as following; 10 g of
powdered (dried olive leaves, dried garlic) (1 %, w/v)
and (500 ml) Aloe gel were also mixed individually with
500 ml of sea water ( 1%, as total soluble solids, TSS ),
respectively. After maceration for 48 hours, the extracts
were filtered through filter paper (5.5 mm.). These
filtrates were then frozen and kept at -20 °C until used.

Bacteriological examinations:
Preparation of the sample:

Each fish sample was placed on its side over sterile
plate hold by sterile forceps. The skin was sterilized by
burning with ethyl alcohol, and then removed. Ten
grams of fish muscle were transferred to a sterile
blender Jar containing 90 ml of sterile 1% peptone
water, the contents were homogenized for 2 minutes at
4000 R.P.M. and the mixture was allowed to stand for 5
minutes at room temperature. One ml of homogenate
was transferred into separate tubes, each one contains 9
ml peptone water, from which 10-fold serial dilutions
up to 10°® were prepared (APHA, 1992).

Enumeration of Aerobic Plate Count (APC):

Total Aerobic plate count (APC) was determined as
recorded by APHA (1992) as follow: One ml from each
of the previously prepared dilutions was transferred into
tow separated serial Petri dishes to which approximately
15 ml of sterile melted and tempered plat count agars
(45°C) were added. After thorough mixing, the
inoculated plates were allowed to solidify before being
incubated at 37°C for 24 hours. The Aerobic plate count
(APC) per gram was calculated on plates containing 30
- 300 colonies and each count was recorded separately.

Enumeration of total psychrophiles count:

Total psychrophiles count was determined
according to the method mentioned by APHA (1992) as
follow: On each duplicate standard plate count agar, 0.1
ml from each previously prepared dilution was plated by
using surface plate technique. The inoculated plates
were incubated at 7°C for 5 to 7 days and the total
psychrophiles count was expressed as CFU/g.

Enumeration of total coliform count (ICMSF, 1996):

The same technique of the previous pour plate
method was applied using Violet Red Bile agar
medium. The plates were incubated at 37 °C for 24
hours. All dark red colonies measuring 0.5 mm or more
in diameter on uncrowded plates were then counted and
the average numbers of colonies were determined. The
coliform count per gram was calculated, and expressed
as CFU/g.

Enumeration of total Vibro count species:
Preparation of the sample:

Ten grams of examined sample were transferred
aseptically into a sterile homogenizer flask containing
90 ml of peptone containing 3 % NaCl and
homogenized for one minutes at 8.000 rpm. The
contents were allowed to stand for few minutes
(A.P.H.A., 1992).

Isolation of Vibrio species:

One ml of prepared sample was inoculated into 9 ml
of peptone water containing 3% Nacl. The inoculated
tubes were incubated at 37°C overnight. Loopfuls from
the inoculated tubes were streaked on Thiosulfate
Citrate- Bile salts Sucrose (TCBS) agar and inoculated
at 37°C for 24 hours. Rounded colonies 2-3 mm in
diameter, green or blue colour were considered to be
Vibrio parahaemolyticus, while V. alginolyticus and V.
vulnificus colonies were large and yellow colored
(A.P.HA, 1992).

RESULTS AND DISCUSSION

Effect of handling and storage at the microbiological
contamination of fish:
Total bacterial count (TBC):

Fish usually have bacteria on its gill, skin and
intestine when it is alive, but can not attack the fish
mucle at this time. But once the fish dies the bacteria
can penetrate into the flesh muscle of the fish. This
normal bacterial flora of fish may include antibiotic
resistance genes even in the absence of exogenously
applied antibiotics (Shah et al., 2012). The data
presented in Figure (1) indicated that the total bacterial
count has increased gradually during cold storage of
bori fish under market and laboratory conditions.
However, the total bacterial counts in fish stored under
laboratory condition were significantly lower than those
of fish stored under market condition (P < 0.05). The
TBC for the market samples were increased from 4.28
to 4.76 log;o CFU/gm during storage period. While it
increased from 3.98 to 4.08 log;o CFU/gm in fish stored
under laboratory condition. Those low numbers of TBC
in laboratory samples copmapare to the market ones
may be due to the proper handling and storage of fish
under laboratory conditions which extend its shelf life
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time by slowing the action of enzymes and bacteria, and
the chemical and physical processes that can affect
quality. It should be noted that there is no correlation
between the total bacterial counts and presence of any
bacteria of public health significance (Gram, 1989). The
enough amount of ice reduces the rate of bacterial
penetration into the flesh muscle, while in market
samples fish spoilage occurs quickly when the bacterial
enzymes diffuses into the flesh muscle quickly (El-Deen
et al., 2007; Ocano-Higueraet a/., 2009; Aberoumand,
2010). Our results agree with those reported by Thanaa
(1984), El-Marrakchi er. al, (1990), Bennour et. al.,
(1991) and Mosilhy (1995).

Total psychrophilic count:

The data presented in Figure (2) shows that there
was a considerable increase in psychrophilic bacterial
counts during the cold storage under both laboratory and
market conditions. However, those numbers of bacteria
were quite low in fish stored under laboratery condition
compared to those stored under market condition (P <
0.05). The highest number of psychrophilic bacterial
count was 3.87 log;; CFU/gm in fish stored under
market, where it was 3.49 log;, CFU/gm in fish stored
under laboratory condition. These results are in
agreement with those reported by Frazier (1967), Franz
(1970) and Mosilhy (1995).

Total Vibrio count:

The total Vibrio count of mullet fish during storage
in ice under market and laboratory conditions are
present in Figure (3). It was clear that the total Vibrio
counts were increased with storage time and the total
Vibrio counts of mullet fish stored under laboratory
condition were significantly (P < 0.05) lower than those
of mullet fish stored under market condition. The intinal
Vibrio count of market samples icreased from 2.94 to
3.15 log o CFU/gm. Whereas in laboratory samples it
increased from 2.05 to 2.74 log ;, CFU/gm. Similar
results have been reported by Huq and Colwell, (1995)
and Yongling et al., (2011).

Total coliform group:

The mullet fish samples which stored under
laboratory and market conditions have been examined
for the presence of coliform group and the results were
negative which means that there was no contamination
at all. Several pathogenic bacteria may either be present
in the environment or contaminate the fish during
handling.

Effect of plant extracts and storage at the
microbiological contamination of fish

The data in Table (1) shows the inhibition zones of
the aqueous extracts of different plant materials (olive

leaves, 0.5 and 1 % w/v; garlic heads, 0.5 and 1 % w/v;
and aloe vera gel, 0.5 and 1 % as TSS) against natural
microbial fish isolates. The data indicated that, the
inhibition zones were 12 , 15 and 16 (mm) for olive
leaves, garlic heads and aloe vera gel aqeous extracts
respectively when 0.5% of extracts has been used while
they were 15, 19 and 20 mm when 1% extract (w/v)
has been used. Aloe vera gel ageous extract gave the
best inhibatory result and this may be due to the
antimicrobial effect of Aloe vera because of the
presence of the Acemannan, a polysaccharide
component from Aloe vera, which consider a strong
anti-microbial against bacteria through its ability to
stimulate phagocytic leukocytes (Pugh et al., 2001;
Alemdar and Agaoglu, 2009). Additionally, olive leaf
extract has Oleuropein which has been shown to have
antimicrobial activities against different pathogens
because it can interfere with the bacterial amino acid’s
production pathways (Privitera 1996; Benavente-Garcia
et al., 2000). The antibacterial effect of garlic is due to
the Allicin which reacts very rapidly with free thiol
groups, via thiol-disulphide exchange and, therefore, it
is thought that its main mechanism of antimicrobial
action is through interaction with thiol-containing
enzymes, including cysteine proteases and alcohol
dehydrogenases (Ankri, et al., 1997; Rabinkov, ef al,
1998). The results indicated that % concentration of
plant materials had the best inhibitory effect. Therefore,
this concentration was used to prepare the ice used to
cool fish during this study.

Total bacterial count (TBC):

Total bacterial count has continuously increased
during cold storage of bori fish under market and
laboratory conditions (Figure 4). The initial TBC in
mullet fish stored with crushed ice without any additives
(control) was 3.97 log,, CFU/g at zero time of storage
time then increased during storage period to be 4.19
logio CFU/g at the end of storage period. Wherease, the
other fish samples that treated with crushed ice with
additives (olive leaves, garlic heads and aloe vera gel
extracts) showed lower numbers of TBC during storage
time as compared to the control. Aloe vera gel showed
the higest preservative effect during storage period. The
results showed a significant difference (P <0.05)
between the samples treated with wloe vera gel (3.68
log,;, CFU/g) and control (4.9 log,, CFU/g) at the end of
storage period. Such results indicated that plant extracts,
such as aloe vera gel, live leaf and garilc extracts, have
anti-bacterial effect and can extend the shelf life period
of fish stored in ice (Heggers er al., 1995; Ferro et al.,
2003). These results are in agreement with those results
reported by Thanaa (1984) and Gram and Huss, (1996).

Table (1): Antimicrobial activity of olive leaves extract, garlic heads extract and aloe vera gel aqueous extract on the

growth of TBC isolates.
Aqueous extracts Diameter of inhibition zone ( mm )
0.5 % 1 %
Olive leaves (w/v) 12 15
Garlic heads (w/v) 15 19
Aloe gel (as TSS) 16 20
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Total psychrophilic count:

The psychrophilic bacterial count during cold
storage of bori fish with crushed ice made with some
plant extracts has increased during the cold storage
(Figure 5). At the zero time of storage period, the nitial
TPC for the control sample was 3.46 log,, CFU/g then
increased at the end of storage period to be 3.83 log;g
CFU/g. Wherease, the examined mullet fish samples
covered with crushed ice made from sea water mixed
with olive leaves aqeous extract was increased from
2.92 to 3.73 log,y CFU/g during storage period and
samples covered with crushed ice made from garlic
extract was increased from 3.34 to 3.62 log,, CFU/g.
Interestingly, the mullet fish samples that cooled with
ice mixed with Aloe vera gel increased slightly as
compared to other treatments (from 3.13 to 3.50 log),
CFU/g). These results are simillar to those reported by
Franz (1970) Singh and Balange, (2005). This high
contents of psychrophilic bacteria during storage period
may be due to the presence of psychrophilic spore
forming bacteria which grow during storage, and these
resufts are in agreement with those obtained by
Suvanich et al., (2000).

Total Vibrio species:

The data showed that there was a considerable
increase in Vibrio counts in control samples during the
cold storage from 2.05 log,o CFU/g at zero time to 5.10
logs CFU/g at the end of storage period. While, the
examinated sample which treated with crushed ice made
from seawater mixed with plant extracts increased
slightly. The lowest number of vibrio spp. has observed
at the end of experiment with mullet fish cooled in ice
made with aloe vera gel (3.50 log,q CFU/g). Samya and
Ez-Elrigal, (2006) showed that 3% concentration of
minced garlic kept silver carp fish fillets in good
condition for 6 days under cold storage period when
compared with the control sample. These results were in

agreement with those reported by Olafsdottir et al.,
(1997) and Ozogul et al., (2006). Such contamination
with Vibrio can cause gastroenteritis food poisoning
(Faruque and Nair, 2008).

Total coliform group:

No coliform species have been detected in any of
the samples throughout the storage period, which
indicated that there was no contamination with sewage
or human faeces. The contamination after pre-harvest
with pathogens from the animal’/human reservoir may
pose a risk. These results indicated that Bardawil lagoon
is a clean lagoon and produce high quality fish.

Sensory evaluation:

The results presented in Table (2) indicated that
chilling of bori fish in crushed ice made from seawater
mixed with plant aqueous extracts extended the shelf
life of fish and reduced the appearance that lead to the
spoilage. The results indicated that control samples lost
its freshness faster than samples that treated with
crushed ice made from seawater mixed with plant
aqueous extracts. The best results have achieved with
fish samples preserved in ice made with aloe vera gel.
These antioxidant and antimicrobial effects of 4/oe vera
gel could be involved in the action of the gel on
maintaining the quality and safety of fish (Valverde et
al., 2004).

It has been reported by earlier studies that microbial
metabolites such as peptides or amino acids, derived
from protein hydrolysis, contribute significantly to
undesirable sensory changes in seafood products
Rodriguez et al, (2003). Therefore, these results
showed that treated ice with aqueous extracts of olive
leaves, garlic heads and aloe gel decreased the total
count of microorganisms as well as the microbial
metabolites as a result of the antimicrobial activity of
these plant extracts. :

Total Bacterial Count (TBC)
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Figure (1): Changes in total bacterial counts of examined mullet fish during storage under laboratory and market

conditions.
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Figure (2): Changes in total psychrophilic bacterial counts of examined mullet fish during storage under laboratory
and market conditions.
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Figure (3): Changes in total Vibrio counts of examined mullet fish during storage under laboratory and market
conditions.
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Figure (4): Changes in total bacterial count of examined mullet fish during storage under laboratory and market
conditions.
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Figure (5): Changes in total psychrophilic count of examined mullet fish during storage under laboratory and market
conditions.
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Figure (6): Changes in Vibrio spp. count of examined mullet fish during storage under laboratory and market

conditions.

CONCLUSION

The microbial contamination has increased during
storage time in all treatments; however the preservation
of fish in ice made with plants’ extracts, especially aloe
vera gel, decreased the numbers of TBC, Psychrophilic
and Vibrio counts significantly compared to the control.
The best results of sensory evaluation test have recorded
with fish samples preserved in ice made with aloe vera
gel. This study confirms the effectiveness of some plant
extracts as natural antimicrobials and recommends the
possibility of employing them in fish preservation.
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