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bacterial strains from poultry farm. The bacterial strains are identified
till genus level based on biochemical characters and they may belong
to Escherichia, Enterococcus and Serratia species. Isolate 2 and 3
were identified till species level by 16srRNA technique.
Bacteriophages against each of these specific bacteria were isolated by membrane filtration
(0.2p) and chloroform treatment. Titre for phage against Isolatel, Isolate 2 and Isolate 3
were determined to be 1.75x10° 7.32x10° 1.48x10° pfu/ml respectively. One step growth
curve of all phages was done. FE-SEM of phage against Isolate 2 and Isolate 3 was done.
Application of phages was done on sample whose TVC was found to be 5.2x10° cfu/ml,
which after treatment with cocktail of phages for 3,6 and 9 hours significant reduction was
observed and found to be 4.4x10° 8.2x10%and 2.3x10° cfu/ml respectively.
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INTRODUCTION
Bacteriophages were discovered in early 1900 by Twort (1915) and d'Herelle (1917) during

early 20"century. Before the discovery of broad spectrum antibiotics, bacteriophages were
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used as therapeutics in many countries until 2" world war. Bacteriophages are viruses that
kill the bacteria and are ubiquitous in nature. They have no known activity in animal and
plant cells and are harmless to them. Bacteriophages attach to target bacterium, inject their
genetic material, replicate within bacterial cell using their replication machinery and kill the
bacteria by lysis. Bacteriophages are most abundant on the earth (10*°-10% particles) and
widely spread including foods of various origin (Brussow and Kutter, 2005). Most phages are
24-400nm in size and has genome encapsulated by a protein or lipoprotein capsid. Capsid is
composed of many copies of protein subunits called capsomere. The genetic material can be
RNA or DNA between 5 and 500 kbp long. (Eiserling F.A. 1979, Hershy and Chase, 1952).
Some phages have tails and base plate and one or more tail fibers attached to it. These
structures are involved in attachment of phage to bacterial cells. (Ginnoza W.1967). To enter
host cells, bacteriophages attach at a specific receptors on the surface of bacteria. Nucleic
acid is penetrated through tail by enzymatic digestion of bacterial cell wall. Once inside the
cell, the enzyme encoded by phage genome are synthesized by using host cell’s machinery
resulting in diverting the host cell DNA and protein synthesis towards the generation of new
phage particles. The structural components of phage are assembled to form new phage and
nucleic acid is packed into the phage particles are released by lysis of cells (Blasi 1995,
Kropinski 2006). Depending upon the life cycle, phages are classified as lytic or lysogenic.
Lytic phages start replicating immediately after infection, releasing new phage particles by
lysis of cells. Whereas lysogenic phages are able to establish stable relationship by
integrating a nucleic acid in the host genome and are capable to enter into lytic cycle

following induction by environmental stimulus (Stella et al., 2009).

Food borne illnesses are a major cause of morbidity and mortality worldwide. The World
Health Organization estimates that globally, diarrheal diseases alone (a majority of which are
caused by foodborne pathogens) kill 1.9 million children per year.”™ Foodborne diseases do
not only occur in developing countries, in the United States of America for example, it is
estimated that foodborne diseases result in 76 million illnesses, 325,000 hospitalizations and
5,000 deaths each year.[G] Considerable effort has been directed towards the control of the
major bacterial food-borne pathogens. However, this has had little impact on addressing the
problem in many countries. This is because the effectiveness of the intervention initiatives
has been obscured by other changing factors. These changing factors may be associated with
the pathogens, their hosts (humans) or political, economic and environmental factors.

Environmental challenges have caused food-borne bacterial pathogens to evolve and the
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susceptibility of human population to infections are also changing due to declining acquired

immunity and increased numbers of immunocompromised individuals.

There has been a continuous increase in several foodborne diseases caused by bacterial
pathogens such as Salmonella, Enterococcus, Serratia, Campylobacter, Escherichia coli and
Listeria despite the employment of modern technologies to inactivate these pathogens in
food. These pathogens come into contact with foods during harvest or slaughtering,
processing, storage and packaging. Physical treatments such as UV light, high pressure, dry
heat and steam are viable strategies of reducing pathogenic bacteria in raw products. These
methods have been considered because the use of antibiotics has been restricted over the
years due to the risk of antibiotic-resistant bacteria entering the human food chain and
causing negative impact on human antimicrobial treatment. However, physical methods of
reduction of microbial load in raw foods have been known to negatively impact the
organoleptic properties of the products hence reducing their acceptability. There has thus
been an increasing need to develop novel strategies to reduce bacterial pathogens in foods
and still satisfy consumer demand for minimally processed foods with low concentrations of
chemical preservatives. Bacteriophages (phages) have found use as natural antimicrobials
that can be used in controlling bacterial pathogens in foods and food processing
environments. Hagens and Loesser™ listed the nine desirable properties of phages for use as
biocontrol agents in foods. We hereby discuss in detail these properties and how they

influence the use of phages as biocontrol agents in different foods.

Bacteriophages have been widely used as natural antibacterial agent to control food
pathogens. Phage therapy has been shown to be effective as both postharvest and pre-harvest
interventions to control wide range of food-borne pathogens. Pre-harvest method is to prevent
the infection of pathogenic bacteria in animals and postharvest methods involve use of

bacteriophage to eliminate unwanted contaminants on the food products (Sulakvelidze).

In postharvest treatment of food, Physical processes and chemical compounds (preservatives)
may not look promising and may affect natural properties of foods. The use of naturally
occurring lytic phages to reduce contamination of fresh food with food-borne pathogens is
advantageous over the use of chemical compounds and washes (Leverentz B., 2001).
Bacteriophages can be applied to control the food contamination caused by E.coli (O' Flynn
et al., 2003), Campylobacter (Atterbury et al., 2003), Listeria (Leverent z et al., 2003) and

Salmonella (modi et al., 2001) on chicken and meat products.
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The aim of this work is isolation, identification of food borne pathogenic bacteria such as
Enterococcus sp. and Serratia sp. and isolation of lytic phages against each target bacteria in
order to analyze their effectiveness in controlling contamination of food product by these

bacteria.

MATERIALS AND METHODS
Collection of Sample
Poultry effluent was collected from 2 poultry farms during the month of December 2016, in

pre-sterilized capped containers and transported to laboratory for further processing.

Bacteriological Analysis of effluent Sample

100pl of the water sample was diluted using sterile saline and 10 to 10™°dilutions were
made and was subjected to viable count studies by spreading 100ul of sample from each
dilution on sterile nutrient agar plates. Plates were incubated overnight at 37°C for 24 hours.

Isolation and Characterization of Target Bacteria
100pl sample was spread on selective media to isolate the target bacteria. Culture media used
were 1.Eosin Methylene Blue agar, 2. Hektoen enteric agar 3.MacConkey agar. Bacterial

isolates were characterized and identified as per the standard procedures.

Drug resistant profile

For testing the antibiotic resistance profile of isolated bacteria, commercially available
antibiotic polydiscs, i.e. Dodeca universal | DEOO1 (Hi Media) were used.After spreading 0.5
ml of log phase bacterial culture onMuller - Hinton agar plate the discs were put on the
media. Plates were incubated at 37° C for 24 hours. Disc consist of Amikacin (AK) 30ug, Co-
Tri maxazole (COT) 25ug, Colistin (CL) 10ug,Augmentin (AMC) 30ug, Netillin (NET)
30pg, Norfloxacin (NX) 10ug, Ceftriaxone (CTR) 10ug, Citrofloxacin (CIP) 5ug,
Cephotaxine (CTX) 30ug, Gentamicin (GEN)10ug, Furazolidone (FR) 50ug, Amoxycillin
(AMX)10ug.

Isolation of Specific Bacteriophages against Target Bacteria

Sample was filtered through coarse filter paper to remove any particulate matter. It was then
transferred to sterile centrifuge tube and centrifuged at 8000 rpm for 20 min at 4°C.After
centrifugation supernatant was removed and vacuum filtered through membrane filter.The

filtrate was stored as lysate at 4°C.
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Enrichment of Phages

In 50ml LB broth isolated bacterial strains were inoculated at 37°C to get host at log phase.
10 ml of sterile double strength PB and 10 ml lysate were added to the same flask and
incubated at 37°C for 48 hours. After incubation it was centrifuged at 8000 rpm for 20 min at
4°C to remove the cell debris. Pellet was discarded and supernatant was subjected to vacuum

filtration. Filtrate stored at 4°C as enriched lysate.

Conformational Test for Presence of Bacteriophages: (By Spot Test)
100ul log phase host was spread on sterile NA plate and 20ul lysate was spotted on the plate.
Incubated at 37°C for 24 hours.

Purification of Bacteriophages

The phage purification was done by repeated passaging of the plaques.The plaques formed in
the plaque assay were picked using a cut micropipette tip.Inoculated in a fresh culture of the
respective host for 24 hours.Lysate was prepared as mentioned earlier by vacuum filtration
method.All @1, @2 and @3 were passaged till P2.Purified phage lysate stored at -20°C.

Determination of pfu/ml

100 pl of phage lysate was serial diluted from 107 to 10%°.100pl of each dilution was
incubated with 500ul of log phase host culture for 30 minutes at 37°C.1ml of host and the
mixture was added to SA butt mixed well. Content of tube was poured on NA base agar plate.

Plates were incubated at 37°C for 24 hours. Pfu/ml were determined.

Host Range Determination
The host specificity was determined by infecting three different bacterial strains i.e.

Enterococcus spp. Serratia spp. Escherichia spp. with @1, @2&J3.

The assay was done using phage spot test by spreading 100ul log phase host on sterile
nutrient agar plate.20ul lysate was spotted on the plate and incubated at 37°C for 24 hours.

Characterization of phage by FE-SEM
@ lysate was re-filtered and spot was placed on Silicon wafer after it dried and submitted for
FE-SEM analysis.

Application of bacteriophage on Chicken
Chicken obtained from the market was cut into 1x1 cm squares placed in sterile glass tubes.
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Chicken squares were disinfected by washing with sterile distilled water, Hypochloride and
exposing to U.V radiation for 20 mins.100pl of 10%log phase cultures of isolated hosts were
carefully poured by using pipette on the surface of chicken. Incubated for 10mins at
RT.100p! of diluted phage lysate (10° PFU/mI) was poured. For un-inoculated and host-only
(Positive) controls same volume of saline (0.8%Nacl) was added instead of phage suspension.
Experiment was performed in triplicates. At each sampling time of 3, 6 and 9 hour, the
chicken squares were transferred to a sterile tube; 5ml of sterile saline was added and mixed
thoroughly for 2mins at R.T. The liquid portion was transferred to a sterile tube and
centrifuged at 3000rpm for 10mins. 100ul of supernatant was spread on EMB agar (for
E.coli), Brain- Heart infusion agar (for Enterococcus) and Nutrient agar (for Serratia

sp.).Plates were incubated at 37°C for 24 hours. CFU was determined.

RESULTS
Bacteriological Analysis of Sample
TVC of the sample was found to be 5.2x10%cfu/ml.

Isolation and Characterization of Target Bacteria
Three bacterial strains were isolated and identified till genus level by referring Bergey’s
Manual of Determinative Bacteriology. Isolate I, Il and Il were found to be Enterococcus

spp., Serratia spp. and E.coli respectively.

Drug resistant profile of host

Antibiotics | ~p | AMx | NX |AMC | CTX | GEN | Azt | NET | TE | FR
Organisms
Enterococcus + - + - - - - - - +
Serratia + - - + + - + - - i
E.coli + + - - - - - - - -

(+) = Resistant (-) = Susceptible

Conformational Test for Presence of Bacteriophages: (By Spot Test)
20ul of lysate was spotted on plates spread with three isolated bacteria and all showed zone

of lysis on plate.
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Spot of @1 on lawn of Enterococcus sp.; B- spot of @2on lawn of Serratia sp.; C- spot of
@3 on lawn of E.coli

Purification of the phages

= N\
W

Purification of the phages: A - Passage 2 of @1
B - Passage 2 of @2
C - Passage 2 of @3

Determination of pfu/ml: (By Soft Agar Overlay method)

In the soft agar overlay method, isolates showed plaques on the plate and PFU/mI found to be

Table @ Titre value

@ against Pfu/ml

A-lsolate 1 | 1.75x10° pfu/ml
B-Isolate 2 | 7.32x10° pfu/ml
C-lIsolate 3 | 1.48x10°pfu/ml
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Fig Plagues on bacterial lawns A- @1 against isolate | Enterococcus spp., B- @2 against
isolate Il Serratia Spp.and C- @3 against Isolate 111 E.coli.

One-step Growth Curve
Lytic life cycle of bacteriophage was characterized using their specific host that is
Enterococcus spp,Serratia spp. E.coli.

Host range determination
Host range of the phages

Phage Infectivit
No. | Culture @1 | D2 | @3
1. | E.coli - - |+
2. | Serratia spp. -+ -
3. | Enterococcusspp. | + | - -

Characterization of bacteriophage by FE-SEM
Icosahedral symmetry was observed of both the phages at 500nm.The size of head of @1was

250nm and tail was 300nm.The size of head of @2 was 200nm and tail was 250nm.

,.‘nm‘a W e |
GIOMTID 300K 30 434pm | o000y 86e4Re 43mm  NovaNanoSEM NPEPAES
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FE-SEM images of @2 and &3

Application of bacteriophage on Chicken
TVC at 3" 6" and 9" hour before @1, @2, @3 and @ cocktail inoculation

Host TVC cfu/ml
Time ==
Cultur 0 hour 3 hour 6 hour 9 hour
E.coli 5.3x10° 5.8x10° 7.8x10° 6.4x10"
Serratia sp. 4.5x10° 4.7x10° 5.1x10° 8.4x10°
Enterococcus sp. 4.8x10° 5.2x10° 5.7x10° 7.8x10°
Host cocktail 5.6x10° 8.2x10° 6.2x10’ 2.3x10°

TVC at 3" 6" and 9" hour after @1, @2, @3 and @ cocktail inoculation

Host+ & lysate TVC cfu/ml
Time -
Cullture Ohour 3 hour 6 hour 9 hour
E.coli 5.3x10° 4.8x10° 5.8x10° 4.9x10*
Serratia sp. 4.5x10° 3.2x10° 6.1x10° 2.4x10"
Enterococcus sp. 4.8x10° 3.3x10° 7.7x10° 3.8x10"
Host + @ cocktail 5.6x10° 4.4x10° 8.2x10* 2.3x10°
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Artificially contaminated Chicken sample before and after inoculation of @1, @2, @3

and @ cocktail inoculation

Plates showing reduction in growth

DISCUSSION

Biocontrol by bacteriophages in meat products was developed in last few years and are
generally recognized as safe due to their host specificity. Phages are naturally present in
significant numbers in water and food (Sulakvelidze, 2011). In fresh cut meat and meat
products more than 10° phages per gram may be present (Kennedy and Bilton, 1987).
Previous studies have shown that phages are very effective in treating meat products to
control contamination caused by food borne pathogens, several examples of such application
have been published. Goode et al. (2003) inactivated the Campylobacter jejuni by phages on
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chicken skin of the order of 95 to 99%, and Higgins et al. (2005) used a specific phage to
reduce Salmonella in poultry products. Phages may also be exploited in preventing
colonization of pathogens in animals. Use of phages as biocontrol agent in food seems to be
promising alternative for the management of food contamination as the use of chemical

preservative are not able to retain foods natural properties.

This study we have demonstrated the application of virulent phage in preventing food
contamination by pathogens such as E.coli, Serratia and Enterococcus and the results of this
study are very promising. In this study we have isolated 3 strains of pathogenic bacteria,
characterized till genus level viz. E.coli, Serratia sp. and Enterococcus sp. bacteriophages
against these isolates were isolated from the same sample viz. @1, @2and @3. Titer of @1, @2
and @3 was found to be 1.75 x10° 7.32 x10° and 1.48x10° respectively. ~Significant
reduction of these pathogens was observed by plate count method. The phages and their
cocktail were applied to artificially contaminated meat by these pathogens and significant
reduction in CFU’s was observed. The result indicates that the bacteriophage have the

potential of preservation and/or treatment of bacterial contamination on food.

In conclusion, we believe that the application of virulent bacteriophages for control of food
contamination by pathogens represent a specific, effective, and environmentally friendly path

toward the supply of safer food.

Phages may also be helpful in decontaminating food-processing equipment where E.coli.,

Serratia and Enterococcus may be present as a “house flora.”
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