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ARTICLE INFO ABSTRACT

The aims of this study were to evaluate the activity of Lactococcus garvieae of dairy origin against pathogenic
bacteria during cheese manufacture and its suitability and safety as a probiotic on Nile tilapia (Oreochromis
niloticus). For these purposes, Lactococcus garvieae isolated from raw cow milk was tested to control the growth of
Staphylococcus aureus in artificially contaminated cheese during storage under refrigeration. Also a feeding ex-
periment was conducted on 120 Oreochromis niloticus using a diet containing Lactococcus garvieae as a probiotic
bacteria against pathogenic S. aureus. The findings of this study showed that Lactococcus garvieae of dairy origin
produced inhibitory substances against pathogenic microorganisms. The selected strain had a good inhibitory
activity against Staphylococcus aureus in artificially contaminated cheese during refrigerated storage. Concerning
fish experiment, it showed no evidence of disease in fish that were fed a diet containing Lactococcus garvieae, and
showed a higher survival rate than others. Further investigations for purification of the produced inhibitory
substance and confirming that is a bacteriocin-like substance are needed. Nonetheless, it is the first report of
using L. garvieae of dairy origin as a probiotic for controlling the pathogenic Staphylococcus aureus in Oreochromis
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niloticus.

1. Introduction

Lactococcus garvieae (L. garvieae) is one of the genus Lactococcus
species [1]. In the past, the species of this genus were known as the
lactic acid producing members of streptococci. They are not pathogenic
for human or even animals [2], except L. garvieae, which is considered
the only pathogenic Lactococcus species. It causes a septicemic process
called lactococcosis, that was defined in rainbow trout in Japan for the
first time [3]. Since then, L. garvieae has been identified as the main
cause for many outbreaks in other fish species in several countries [4].
Currently, it was discovered that L. garvieae is not limited to aquatic
species; as it has been caused mastitis in cows and has been found in
some dairy products such as goat cheese and raw cow milk [5]. Ad-
ditionally, L. garvieae is considered also an emerging zoonotic pathogen
[6]. Thus, the importance of L. garvieae is increasing in all fields of life
either in human or in animals, but the available data for this new pa-
thogen in foods other than fish products are still very scarce [5].

In contrast, the bacteriocins produced by lactococci have been stu-
died extensively; these substances are antimicrobial peptides synthe-
sized by the bacterial ribosome that act mainly against closely related

species [7]. Nisin is possibly the most important known bacteriocin. It is
produced by Lactococcus lactis strains and used as a food preservative
[8]. During a survey of Lactic Acid Bacteria (LAB) for other bacter-
iocins, antimicrobial substances produced by L. garvieae strain were
identified and termed garviecin L1-5 [9]. Then in the last ten years,
several new bacteriocins from L. garvieae have been reported including,
garvicin ML [10], garvieacin Q [11], garvicin A [12], and garvicin KS
[13]. Likewise, there are other non-purified bacteriocins produced by L.
garvieae detected by Suneel and Kaliwal [14].

L. garvieae isolated from raw milk and dairy products have been
reported to inhibit indicator strains due to the production of bacteriocin
[15], while Alomar [16] suggested that hydrogen peroxide may play a
role in the inhibition of Staphylococcus aureus (S. aureus) by L. garvieae.
The efficiency of L. garvieae for inhibition of S. aureus may also depend
on the interactions of both these organisms with the raw milk micro-
flora [17].

Staphylococcus aureus is one of the most prevalent enterotoxin pro-
ducing microbes, and it is considered the main cause for staphylococcal
food poisoning and gastroenteritis worldwide. Enterotoxin production
by this strain at levels hazardous to public health has been reported in
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different cheese varieties [18]. Cheese manufacturing from raw milk
can lead to staphylococcal outbreaks, especially when the curd is in-
sufficiently acidified, or when the cheese manufacture occurred under
poor hygienic conditions [18]. New biopreservation strategies based on
using the inhibitory effect of some bacterial strains, including some
strains of microbial communities of raw milk such as LAB, could help in
the control of pathogenic S. aureus strain in cheese by several ways
including, bacteriocin production, lower pH [19], and H,O, [20]. On
the other hand, Staphylococci are not part of the normal fish microflora
and its presence on fish is an indicator for a disease [21,22]. Currently,
S. aureus has been recorded recently in Oreochromis niloticus (O. nilo-
ticus) causing high mortalities with different histopathological changes
[23]. Also, it causes a health hazard for fish handlers and consumers
[24]. For these reasons, we choose S. aureus as an indicator to test the
effects of the L. garvieae bacteriocin. It is worth mentioning that the
administration of probiotics during tilapia fish farming through feed
can improve their feed conversion ratio (FCR) and can reduce mortality
among the fish by 20% [25]. Furthermore, in finfish, immune responses
can be increased using many probiotics through the stimulation of in-
nate and cellular immunity [26].

Therefore, the aims of the present study were evaluation of the
ability of L. garvieae strain to control the pathogenic effects of S. aureus
during cheese manufacture, and assessment its activity against patho-
genic S. aureus in O. niloticus. Also this study aimed to assess its safety
and its potential use as a probiotic in dairy products and fish. Finally,
we evaluated the ability of this strain to produce inhibitory substances
to explain the possible cause of the inhibitory effect on pathogenic
bacteria.

2. Materials and methods
2.1. Bacterial strains and culture conditions

A lyophilized stock culture of pathogenic S. aureus strain (ATCC
6538) was obtained as a reference pathogenic strain from the
Microbiology Department in the Faculty of Veterinary Medicine at
Zagazig University, Egypt. The culture was grown in broth (brain heart
infusion; Oxoid) at 37 °C for 18-24 h. L. garvieae strain was obtained
from our previous work (we chose the strain that carry only Fbp gene)
[27] in which it was isolated, identified, and stored frozen at —80 °C in
broth culture contained 15% (w/v) glycerol. Then it was cultured on
M17 medium anaerobically at 37 °C for 48 h.

2.2. Assessment of the antimicrobial activity of L. garvieae during cheese
manufacturing

2.2.1. Preparation of cultures [28]

The used bacterial strains were preserved at —80 °C in frozen broth
with 15% glycerol. S. aureus and L. garvieae strains were subcultured for
two times and then exposed to decimal serial dilutions, after which they
were plated on specific agar media to determine the viable cell num-
bers, on Baird Parker agar at 37 °C for 24-48 h and M17 agar anaero-
bically at 30 °C for 24 h, respectively.

Table 1
Counts of S. aureus in cheese during refrigerated storage over 10 days.
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2.2.2. Preparation of cheeses containing L. garvieae

For cheese preparation, we must use only milk free from the used
cultures thus, pasteurized milk was first bacteriologically tested for the
presence of S. aureus and L. garvieae using Baird Parker agar at 37 °C for
24 h, and M17agar at 30 °C for 24 h, respectively. The cheese was then
manufactured according to the method previously described by Abou-
Donia [29], with adding 10® colony forming units (CFU)/mL of the L.
garvieae strain. To contaminate cheese with S. aureus culture, 10° CFU/g
of it was added during the agitation step to the salted curd. Overall, we
prepared three different batches of fresh cheese:

(A) Cheese made from Pasteurized milk that was experimentally con-
taminated with S. aureus only.

(B) Cheese made from Pasteurized milk that was experimentally con-
taminated with S. aureus and containing L. garvieae.

(C) Control cheese that was prepared with no added cultures.

2.2.3. Microbial examination of the prepared cheeses

The experimentally contaminated cheeses, and non-contaminated
control cheese were subjected to counts of S. aureus and L. garvieae, at
day zero and then every two days, till the end of the experiment
duration at day ten. For this purpose, 25 g of each cheese batch were
resuspended with 225 mL of peptone water at concentration 0.1% and
were then subjected to several serial dilutions in the same broth, fol-
lowed by spread plating (0.1 mL) on Baird Parker agar at 37 °C for
48 = 2h and on M17 agar at 30 °C for 24 h to enumerate S. aureus and
L. garvieae, respectively. Growing colonies were enumerated, and the
results were expressed as CFU/g. The experiments were repeated three
times in separated occasions.

2.3. Assessment of pathogenicity of the examined S. aureus in fish

2.3.1. Assessment of pathogenicity of the examined S. aureus in fish

A total number of 60 O. niloticus that seemed healthy with an
average body weight of 50 + 5g were randomly selected and divided
in six glass fish tanks (80 X 60 x 30 cm) containing 80 L of water, re-
sulting in a stocking rate of ten fish per tank. The fish tanks were
provided with everyday refreshed dechlorinated tap water with the
temperature maintained at 22 + 2 °C during the experimental period,
and an air pump for continuous aeration. The fish were adapted in this
environment for 14 days and were provided with a basic food two times
a day. A bacterial suspension was prepared by culturing the bacterium
for 24h in tryptic soy broth (TSB). One mL of inoculums contained
approximately 10'° CFU/mL was diluted in 1 L distilled water to get a
final adjustment to the bacterial culture to 10’ CFU /mL [23]. We
classified the fish into 2 groups (each with three replicates “N = 10”).
The first group of fish was inoculated intraperitoneally (I.P) with
0.5 mL of the prepared bacterial suspension, the inoculation dose was
selected according to a biological test (data not shown). The second
group of fish was served as a negative control by inoculating fish I.P
with 0.5mL of sterile saline solution. The fish groups were checked
regularly, and mortalities were recorded for 14 days (Table 2). Dead
fish were examined bacteriologically for bacterial re-isolation.

Cheeses containing (CFU/g)

Storage time (days)

0 2 4 6 8 10
(A) Cheese without added L. garvieae that was experimentally contaminated with S.  3.35 + 0.04 3.35 = 0.05 3.51 = 0.02 3.73 + 0.02 4.77 = 0.01 5.97 * 0.06
aureus
(B) Cheese containing L. garvieae that was experimentally contaminated with S. aureus 3.66 + 0.02 3.49 * 0.04 3.48 = 0.03 3.53 * 0.04 3.84 = 0.02 3.90 * 0.02
(C) Control cheese that contained no added cultures <1 <1 <1 <1 <1 <1
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Table 2
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Mortality rates record in pathogenicity experiment with S. aureus and in feeding experiment using L. garvieae.

Experiments No. of fish Mortalities within No of dead fish Mortality rate %
Pathogenicity experiment with S. aureus 48h 72h 96 h 5 days week 10 Days 2 weeks

Group 1 30 2 3 5 4 5 6 5 30 100%

Group 2 30 0 0 0 0 0 0 0 0 0

Feeding experiment using L. garvieae

Group 1 30 0 0 0 0 0 0 0 0 0

Group 2 30 0 0 0 0 0 0 0 0 0

Group 3 30 2 2 4 3 5 7 4 27 90%

Group 4 30 1 3 4 2 3 2 - 15 50%

Group 1, fish inoculated IP with 0.5 mL of L. garvieae, Group 2, fish inoculated IP with 0.5 mL of saline solution, Group 1" fish fed an ordinary diet, Group 2, fish fed a
diet containing L. garvieae, Group 3" fish infected with S. aureus and fed an ordinary diet and Group 4, fish infected with S. aureus and fed a diet containing the

probiotic bacterium.

Table 3
Immunological parameters following the feeding experiment.
Groups Parameters
1gM (mg/mL) Lysozyme (pg/mL) Nitric Oxide(ug/mL)
Gp. (1) 0.57° 0.37° 35.38°
Gp. (2) 0.96* 0.66" 49.60°
Gp. (3) 0.264 0.17¢ 20.71¢
Gp. (4) 0.64" 0.39" 36.52°
SEM! 0.07 0.05 3.08
P value 0.000 0.000 0.000

SEM!, Standard error of the mean.

Means bearing different superscripts within the same column are significantly
different (P < .05). Highest value is represented by the letter( a), followed by
the letter (b), then (c) and letter (d) represent the lowest value.

Group (1), control group; Group (2), fish fed a diet containing the probiotic
bacterium; Group (3), fish infected with S. aureus, and Group (4), fish infected
with S. aureus that were fed a diet containing the probiotic bacterium

2.3.2. Re-isolation of S. aureus from morbid fish

We examined the newly dead or moribund fish. Bacteria were iso-
lated under aseptic conditions from some internal organs. Samples were
inoculated on Tryptone Soya Broth, then incubated at 37 °C for 24 h.
Loopfuls were taken from the broth media and streaked on the surface
of Baird parker agar plates, then incubated at 37 °C for 24 h. The grown
colonies on the plates were identified using biochemical tests [30].
Gram staining, Oxidase and Catalase tests were performed to confirm
the cause of morbidity or mortality [31].

2.4. Assessment of the effect of L. garvieae on fish

2.4.1. Assessment of the effect of L. garvieae on fish in vivo to ensure its
safety

A total number of 60 O. niloticus that seemed healthy with an
average body weight of 50 *= 5 g were randomly selected and divided
them in six glass fish tanks (80 x 60 X 30 cm) containing 80 L of water,
resulting in a stocking rate of ten fish per tank. The fish were adapted
for 14 days, and then we put the fish into 2 groups (each with three
replicates). The first group was inoculated I.P with 0.5 mL of the sus-
pension containning 107 L. garvieae [32], and the second group was
served as a negative control by inoculating it I.P with 0.5 mL of sterile
saline solution. The fish groups were checked regularly, and the living
and dead fish numbers were recorded for 14 days. Dead fish were ex-
amined bacteriologically for bacterial re-isolation.

2.4.2. Assessment of the probiotic activity of L. garvieae in fish in vivo [33]
2.4.2.1. Preparation of feed with probiotic. L. garvieae cells were
prepared by inoculating the bacterium in TSB and incubating for 48 h
at 30 °C. The culture was centrifuged at 3000 rpm for 30 min, then the
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bacteria were cleaned with sterile saline solution for two times. The
final bacterial concentration in this saline suspension was adjusted to
107 cells/mL as mentioned before [32]. For the feeding experiment, the
bacterial suspension containing L. garvieae isolate was added to the
marketed food using an automatic mixer to give 1 x 107 bacterial cells/
g. The pellets were subjected to air for 24 h at room temperature to dry
and then refrigerated till using (4 °C). Then the viability of L. garvieae in
the stored feed was evaluated twice during the period of the experiment
(once every week) according to Irianto and Austin [34].

2.4.2.2. Feeding experiment. A total of 120 O. niloticus that seemed
healthy with an average body weight of 50 + 5g were distributed in
four equal groups, each with three replicates (10 fish per replicate),
which were divided in three glass fish tanks (80 X 60 X 30cm),
resulting in stocking rate 10 fish per tank. The fish were adapted for
2 weeks during which they were fed an artificial diet, and supplied with
continuously aerated dechlorinated water with the temperature kept up
at 20 * 2°C. Fish in the first and third groups were fed on a diet
without bacterial supplementation during the feeding experiment. Fish
in the second and fourth groups were received a diet containing 107 L.
garvieae bacterial cells/g at 5% biomass/day two times a day. After
14 days of the feeding experiment, the fish in the first and second
groups were served as controls, so they were injected I.P with 0.5 mL of
sterile saline solution. We made L.P injection for the third and fourth
groups with 0.5 mL of the S. aureus suspension contained 107 bacterial
cells/ymL which was prepared according to Gaafar et al. [23]. The
injected fish were observed regularly during the period of the
experiment, and the mortality rate was recorded; dead fish were
examined bacteriologically for bacterial re-isolation. At the end of the
experimental period, blood samples were collected from the caudal
blood vessel of each fish in each group [35]. The blood samples were
centrifuged at 3000 g for 15min and the supernatant serum was
collected and stored at —20°C until used for biochemical factors
include Lysozyme, IgM and immunoglobulin.

2.4.2.3. Humoral immunological studies. Serum Lysozyme activity was
measured using a modified turbidimetry method described by Ellis
[36]. Nitric Oxide Assay: The nitric oxide (NO) level in each tested
serum sample was measured using the method described by Ragaraman
et al. [37]. Immunoglobulin M (IgM) was determined by nephelometry
method (MININEPH TM Human Kit, the binding Site Ltd, Birmingham,
UK).

2.5. Preparation of L. garvieae culture supernatant

Isolated L. garvieae bacterial strain was inoculated into 100 mL of
M17 broth and incubated at 37 °C for 24 h. Then, centrifugation of the
broth was applied at 12,000 rpm for 20 min, where the cell residues
were discarded, giving rise to a clear supernatant free from cells.
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Adjustment of the supernatant pH to 5.0 was made with 1 N NaOH, and
it was then evaporated using rotary flash evaporation; sterilized with
0.22-um filter paper (Millipore, India). This solution was used to assess
the antimicrobial activity of L. garvieae.

2.6. Assessment of the activity of the inhibitory substances produced by L.
garvieae in vitro

The activity of the supernatant was evaluated via the agar well
diffusion method [38]. Lyophilized stock cultures of S. aureus were used
as an indicator strain. Briefly, molten M17agar media (45 °C) was first
injected (1% v/v) with a standardized suspension of S. aureus, then this
medium was rapidly distributed into sterile Petri dishes. After solidifi-
cation of the medium, 3 wells of 6 mm diameter for each were made
into the agar. These wells were filled with different amount of pre-
viously produced BLS as, 15 pL, 30 uL, and 45 pL, where the effects of
organic acids as antimicrobial were excluded by adding 1 N NaOH to
make an adjustment to pH until reach 6.5 [39]. The plates were allowed
to diffuse for 2 h at 4 °C, then they were incubated at 37 °C as it was the
best condition for the indicator strain growth and examined after 24 h
[40]. The zones of inhibition were detected in millimeters by the scale
used for zone interpretation (HiMedia, Mumbai).

2.7. Statistical analysis

All data were analyzed using SPSS software (v. 16). Analysis of data
was performed using one-way analysis of variance (ANOVA). Tukey’s
honest significant difference (HSD) multiple comparison test was used
to check the significance of differences between the mean values. The
alpha level for the determination of significance was set to .05. Means
in the same column followed by different letters are significantly dif-
ferent, and the highest value is represented by the letter (a).

3. Results

Microbiological examination of the Pasteurized milk used in cheese
manufacture showed undetectable levels of S. aureus and L. garvieae. As
shown in Table 1, S. aureus could be grown in cheeses injected with
103 CFU/g of the strain during refrigerated storage as the log count of S.
aureus was 5.97 = 0.06 CFU/g at the end of the experiment re-
frigeration time. When the cheeses were prepared with both, the L.
garvieae and S. aureus strains, inhibition of S. aureus growth was de-
tected, and the average counts of this pathogen at the end of the ex-
periment refrigeration time were lower than that of the other category
of cheese where the L. garvieae strain was absent (3.90 = 0.02 CFU/g,
Fig. 1). These results showed that the inhibition of S. aureus in cheese

Counts of S._aureus in cheese during
refrigerated storage over 10 days.
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—8— (A) Cheese withoutadded L. garvieae that was experimentally contaminated

with S. aureus.

—&— (B) Cheese containing L. garvieae that was experimentally contaminated with S.
aureus.

Fig. 1. Counts of S. aureus in cheese during refrigerated storage over 10 days.
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might have occurred due to the production of inhibitory substances.

On the other hand, as it was shown in (Table 2), the used S. aureus
strain gave a mortality rate in the second day post-inoculation. Then
increased gradually to reach 100% at the end of the experiment in the
group of fish which were injected I.P with this bacterium. While no
mortality occurred in the control group. These results indicated that
this strain was extremely pathogenic to O. niloticus. Postmortem lesions
were enlargement and congestion of kidneys, spleen, and liver. After re-
isolation of bacteria from internal organs (kidneys, liver, and spleen) of
fish, S. aureus was isolated and identified as yellow halo colony sur-
rounding the yellow zone on mannitol salt agar media. The gram
staining of these colonies revealed typical gram positive cocci in grape
like clusters, Oxidase negative and catalase positive.

Additionally, the examined L. garvieae strain after I.P injection gave
no signs of disease or caused mortality, thus we can evaluated L. gar-
vieae as harmless to O. niloticus, and it was therefore considered safe for
use in these fish.

Our results also showed no evidence of mortality or signs of disease
in the second group of fish that received a diet containing L. garvieae
bacteria during the period of the feeding experiment, and the survival
rate of this group was 100%, unlike the control group. While the sur-
vival rate was 10% in the third group which fed on an ordinary diet and
injected with S. aureus and was 50% in the fourth group which fed on a
diet containing L. garvieae and injected with S. aureus. Re-isolation of S.
aureus was done from internal organs of morbid fish in the third and
fourth groups as mentioned before. Table 3 showed that, group 2,
which received a diet containing L. garvieae, showed a highly significant
increase in IgM levels, lysozyme activity, and nitric oxide levels, how-
ever, these levels were highly significantly decreased in group 3, which
was infected with S. aureus. Group 4, which was infected with S. aureus
and fed a diet containing the probiotic bacterium was higher in Lyso-
zyme activity, IgM and nitric oxide compared to the control group
which fed an ordinary diet. So, these results confirmed the role of L.
garvieae in improving the fish defense mechanism by elevating the
immunological parameters and show the bad effect of S. aureus through
decreasing the immunological parameters of O. niloticus.

To know the possible cause of the inhibitory activity of L. garvieae
against a pathogenic S. aureus strain in vitro, we prepared the culture
supernatant, then assessed the antimicrobial activity using the agar well
diffusion method. The L. garvieae strain was found to have anti-
microbial activity. As the supernatant derived from it showed moderate
zones of inhibition with different amounts; for example, with 15 pL,
30 pL and 45 pL of supernatant, zones of inhibition were 18 mm, 20 mm
and 23 mm, respectively, formed against S. aureus. This inhibition may
be occurred due to proteinous substances produced mainly by LAB.
Inhibition due to other causes including, hydrogen peroxide or organic
acids was prevented through culturing the producer strain under
anaerobic condition, and neutralizing the culture supernatant before
applying the antimicrobial activity.

4. Discussion

Over the last few years, members of the genus lactococcus such as
Lactococcus lactis and other strains producing antimicrobial substances
have been isolated from various products, including meat, meat pro-
ducts, vegetable products, dairy products, and raw milk [41,42]. They
are considered as a technological control method for controlling pa-
thogenic bacteria like S. aureus inspite of the traditional chemical one.
Also, many authors have been reported L. garvieae as a component of
the natural microbiota of different dairy products manufactured from
raw milk [43-45].

Regarding the first part of our work in cheese, the results cleared
that the average counts of S. aureus in cheese contained both S. aureus
and L. garvieae strains, at the end of the experimental refrigeration time,
were lower than that of the cheese in which the L. garvieae strain was
absent. Other studies applied on the bacteriocins producing L. garvieae
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suggest that their effects on S. aureus in cheese can vary in accordance
with the type of cheese and the bacteriocin-producing strain. S. aureus
increased by 1.8 log CFU/g in Manchego cheese when it was made from
milk without bacteriocin-producing bacteria [46]; however, this in-
crease was lower than the 21log CFU/g, and 3 log CFU/g in case of Feta
cheese, and camembert-type goat cheese [18,47] respectively. Con-
versely, other authors found that L. garvieae had a bacteriostatic effect
on S. aureus in both shaken and static buffered BHI cultures [17].
Others found that the addition of bacteriocinogenic strains of Lactic
Acid Bacteria to milk during cheese manufacture ended with only slight
inhibition of S. aureus [19].

Effects of other bacteriocins as nisin on S. aureus in cheese have
been previously reported in cheese manufacturing [48-50].

Several previous works have been applied on L. garvieae, where
bacteriocins have been detected and purified. The bacteriocin, termed
garvicin KS (GarKS), is produced by L. garvieae strains isolated from raw
milk and it has a wide inhibitory spectrum against important pathogens
belonging to the genera Staphylococcus, Bacillus, Listeria, and
Enterococcus [9]. Also, Garviecin L1-5 is a small bacteriocin, with a
molecular mass of about 2.5 kDa, produced by L. garvieae L1-5 isolated
from a raw cow’s milk sample. It inhibits bacteria from the Lactococcus,
Listeria, Enterococcus, and Clostridium genera [13]. L. garvieae IPLA
31405, isolated from among the normal microbiota of a raw-milk
cheese [51]. It lacks hemolysin and gelatinase activities, and produces a
bacteriocin active against food-borne pathogens [5]. Bacteriocins can
be produced also from L. garvieae of nondairy origin and they have
different antimicrobial activities against bacteria [10-12].

However, a slight genetic relation between dairy isolates and fish
isolates of L. garvieae was detected [52]. The strains of dairy origin were
evaluated to have a weak lactose acidifying capacity and a low in-
cidence of known virulence factors. While those of fish origin have not
any acidifying properties and have many virulence factors [53]. Al-
though, L. garvieae might contribute to improve physical properties of
dairy products, and no reports have been recorded about the associa-
tion between consumption of raw-milk cheese and L. garvieae infections
in human [5,52,53]. The safety of L. garvieae of dairy origin should be
detected before using it as a biopreservative in food.

On the other hand, the experimental challenge with S. aureus
showed its higher pathogenicity to O. niloticus because of the high
mortality rates recorded (Table 2). These results are coordinated with
Gaafar et al. [23] who recorded remarkable mortalities in O. niloticus
after applying pathogenicity test with S. aureus.

Regarding the fact that the diseases have been spread in the aquatic
environments every year, it clears that it is preferable to protect fish
against the infection with pathogenic bacteria to prevent losses of fish.
This can be achieved by adding a probiotic bacteria to fish diet to in-
crease the resistance against the disease and to minimize damages or
losses. In our work, we used L. garvieae of dairy origin to evaluate its
effect on S. aureus. The results showed that L. garvieae had an inhibitory
effect on S. aureus in vivo with no disease signs or mortality after I.P
injection into O. niloticus. These results are similar to those detected by
some authors [54-56] as they recorded a new L. garvieae subspecies
strain has a probiotic activity. Also, they mentioned that L. garvieae is
able to produce a novel bioactive peptide and a volatile phenol com-
pound that can be used as food additives to improve food safety due to
their antifungal and antioxidant properties.

In our work, there were no signs of disease on fish fed a diet sup-
plemented with L. garvieae after being challenged with S. aureus and we
also observed a higher survival rate in these fish. Similar findings were
reported by Robertson et al. [57], who observed a higher survival rate
in the fish group fed probiotics for a period of time in spite of the
presence of pathogenic bacteria. Furthermore, other studies reported
the same effect of feed supplemented with probiotics in fish challenged
with other microbes such as Aeromonas hydrophila [33]. On the other
hand, dietary supplementation with L. garvieae appeared to elevate the
serum lysozyme activity, immunoglobulins, and nitric oxide, thus it
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improved the O. niloticus immune status. Also, fish group infected with
S. aureus and fed a diet containing the L. garvieae bacterium had a
higher Lysozyme activity, IgM and nitric oxide compared to the control
group, so L. garvieae has an immunological role in reducing the in-
fectivity with S. aureus. Similar results were recorded by Nikoskelainen
et al. [58], who reported an improvement in the immunity of rainbow
trout through using probiotics by stimulating phagocyte activity, pro-
duction of immunoglobulin, and complement-mediated bacterial
killing. Also, it was found that the serum lysozyme activity in fish was
elevated after adding Bacillus subtilis and Lactobacillus acidophilus to
their diet [59]. Moreover, Lactococcus lactis was used as a probiotic
treatment against A. hydrophila in tilapia fish and resulted in elevations
of respiratory burst activity, lysozyme activity and superoxide dis-
mutase [60]. However, the fish group which infected only with S.
aureus strain, showed the lowest levels of the measured immunological
parameters. This can be explained by the presence of extraordinary
numbers of virulence factors that allow S. aureus to resist extreme
conditions, and affect host cell [61].

As known before L. garvieae had an inhibition effect on some types
of bacteria especially, coagulase-positive bacteria due to nutritional
competition or H,O, production. Hydrogen peroxide has a destructive
effect on the microbial populations as it may cause a rapid bacterio-
static or even bactericidal effect especially gram-negative bacteria [62],
but in our work we excluded this effect as discussed before. So, we tried
to detect and obtain the inhibitory substances produced by L. garvieae
strain isolated from raw dairy products. For this purpose, we prepared
the culture supernatant. This solution was used to assess the anti-
microbial activity of L. garvieae, using the agar well diffusion method.

Our results revealed the production of moderate zones of inhibition
with different amounts of supernatant containing the inhibitory sub-
stance produced by L. garvieae. These results are in line with the fact
shows that bacteriocins are expressed at low levels, due to the inter-
actions between bacteriocins and milk components, and the availability
of nutrients necessary for bacterial growth and the manufacture of these
materials [63]. This moderate inhibitory effect can be influenced by
different factors exist in food, inactivation by food pH or enzymes, poor
solubility, unequal distribution in the food matrix. Additionally, low
stability during food shelf life, the diversity, and sensitivity to the mi-
crobial load of food also play an important role [64]. Our results are
nearly similar to that detected by Suneel and Kaliwal [14]. Another
author found that, the antimicrobial substance produced by L. garvieae
strain was active against closely related species, tested Gram-positive
bacteria, and Gram-negative strains [15]. Finally, we can detect that
our work can be considered the first one that demonstrates the great
potential of using L. garvieae of dairy origin in the treatment of diseases
in fish caused by pathogenic bacteria like S. aureus.

5. Conclusions

L. garvieae of dairy origin can produce inhibitory substance which
can control pathogenic S. aureus during cheese manufacture. Further
studies on purification of this substance and applying tests to confirm it
as a bacteriocin are needed. Also, more studies to investigate the ac-
tivity of pure one on pathogenic microorganisms are recommended to
open new possibilities for its application on the improvement of dairy
product industry. This study is the first report of using L. garvieae of
dairy origin as a probiotic for controlling the pathogenic S. aureus in O.
niloticus, as the results demonstrate the great potential of using this L.
garvieae strain for the treatment of diseased fish. Other works in the
future for applying it as an alternative to the existing antibiotics used in
treatment of fish diseases are also recommended.
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