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ABSTRACT

The efficiency of an anaerobic probiotic bacterium
against bacteria that cause food deterioration was
tested in the current investigation. Based on our
prior research, Bifidobacterium bifidum was chosen
as an anaerobic probiotic bacterium. By using the
conventional method of isolation, food spoilage
bacteria were isolated, and through biochemical and
molecular characterization, isolates of Escherichia
coli, Staphylococcus aureus, Shigella dysenteriae,
and Salmonella typhi were detected. Bifidobacteri-
um bifidum demonstrated strong inhibitory capacity
against all identified food spoilage bacteria in the
agar well diffusion method, with the exception of
Shigella dysenteriae.
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INTRODUCTION

Foods are essentially organic compounds (both
plant- and animal-derived) that are consumed for
nourishment. Food can become spoiled by microbes
because it contains moisture, protein, lipids, carbo-
hydrates, minerals, and other organic compounds.
The term “microbial spoiling” refers to food dete-
rioration caused by microbes. Additionally, it is the
primary contributor to foodborne illnesses (Tianli et
al. 2014). Food safety is intimately correlated with
food spoilage, which is the process of decreasing food
edibility (Steele 2004). Salmonella typhi, Listeria
monocytogenes, Staphylococcus aureus, Bacillus
subtilis, Shigella dysenteriae, Escherichia coli O157:
H7, and Candida spp. are only a few of the pathogenic
bacteria that have been identified as causative agents
for food spoilage and foodborne diseases (Sokmen
et al. 2004 He et al. 2010). Food spoilage is a major
global public health concern because it leads to seri-
ous foodborne intoxication and significant financial
losses for the food-producing and processing industry.

Food deterioration can be detected by changes
in color, flavor, odor, and texture (Rahman 2007).
Consumers and the food business now place a great-
er emphasis on the microbiological safety of food.



Foods need to be preserved in order to keep their
quality for a longer time. Increased shelf life while
preserving original food quality is the main goal of
food preservation. Food can be preserved using a
variety of techniques, including physical, chemical,
and biological techniques. Consumers today favor
foods with little to no processing and no added
chemicals. The most dependable and beneficial way
of food preservation to meet these requirements is
bio-preservation. Utilizing microorganisms or their
metabolites, bio-preservation refers to extending
the shelf life and improving the quality and safety
of food (Ross et al. 2002). Due to the probiotic
bacteria’s antibacterial properties against foodborne
pathogens and spoilage microorganisms, interest in
using it as a bio-preservative has increased (Kim et al.
2022, Choeisoongnern ef al. 2021, Saud et al. 2020,
Hossain ef al. 2018 and Fang et al. 2018). The most
prevalent and well-known members of the intestinal
microflora included in the probiotics category are
Bifidobacteria bifidum (Espirito et al. 2003, Nielsen
et al. 2003). These are naturally occurring bacteria
that are Generally Recognized as Safe (GRAS) due
to their lack of human and animal pathogenicity (Patil
et al. 2010). According to Nielsen et al. (2003) and
Zacarias et al. (2020), these microbes are anaerobic,
nutritionally fastidious, gram-positive, non-spore-
forming, pleomorphic rod, catalase-negative, and
have a high G+C content.

In our earlier research (Raisagar and Shukla
2022), Bifidobacterium bifidum showed tolerance to
bile salt, phenol, and NaCl concentrations as well as
growth in a variety of pH and temperature ranges.
Consequently, it possesses the ideal probiotic qual-
ities. The antibacterial activity of Bifidobacterium
bifidum was assessed in the current study to determine
its efficacy against bacteria that cause food spoilage.

MATERIALS AND METHODS
Collection of samples

Samples of spoiled food and dairy products were
gathered at Prayagraj local market in Uttar Pradesh,
India. All of the samples were transferred to the lab
in refrigerated condition after being individually
wrapped in sterile dry polyethylene zip closure bags
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Fig. 1. Sample collection in zip closer bags.

(Fig. 1).
Isolation of food spoilage bacteria

The conventional method of isolation was used to
isolate the bacteria that cause food deterioration. The
samples were first divided into small pieces using a
sterilized knife and placed in sterile plastic bags with
9 ml of a sterile dilution blank (Ringer’s solution).
Rinsate was extracted by shaking the bags vigorously.
The rinse was then serially diluted up to five times
before being pour-plated into specific media. For
24 to 48 hours, all of the plates were incubated at a
temperature of 37°C. This process was conducted
separately for each sample. Isolates were chosen
based on cultural characteristics, and pure cultures
were kept under refrigeration at 4°C for later use.

Biochemical characterization of isolates

After cultural characterization, all of the isolates
were biochemically characterized. Catalase, Oxidase,
Indole, Methyl Red, Voges Proskauer, Citrate, Nitrate
reduction, Urease, and Carbohydrate Fermentation
Tests with Sugars Arabinose, Fructose, Glucose,
Lactose, Maltose, Mannitol, Raffinose, Sucrose,
Xylose, and Sorbitol were used to characterize the
biochemical makeup of the isolates The. tests were
all conducted according to the protocol (Cappuccino
and Sherman 2005).

Molecular characterization of isolates

The isolates were molecularly characterized at Scan-
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gene Labs Pvt Ltd, Delhi using the Sanger technique.
This approach included the following steps: Genomic
DNA separation, agarose gel electrophoresis, ge-
nomic DNA quantification, partial 16srRNA PCR
amplification, gel purification of the PCR amplified
product, and automated DNA clone sequencing.

Procurement, revival and maintenance of anaer-
obic probiotic bacteria

Bifidobacterium bifidum, the selected probiotic bac-
teria, was procured from the National Collection of
Industrial Microorganisms (NCIM), Pune in dried
culture form. MRS (De Man Rogosa Sharpe) agar
slants supplemented with 0.05% L-cysteine hydro-
chloride monohydrate were used to revive Bifidobac-
terium bifidum under anaerobic conditions at 37°C for
24 hours. The candle jar method (Saha ef al. 2016)
was employed to maintain anaerobic conditions. The
MRS agar slant inoculated with Bifidobacterium
bifidum, a lit candle, iron wool treated with acidified
copper sulfate and a strip of methylene blue were
stored inside a desiccator unit in this procedure. Wax
was used to seal the desiccator unit’s lid tightly. The
lit candle burned the oxygen, releasing CO, in the
process. Iron wool absorbed any remaining oxygen.
In this situation, methylene blue serves as a sign of
anaerobic conditions; in the absence of oxygen, it
is white or colorless. After that, the desiccator unit
was housed in an incubator. Cultures were stored at
4°C and sub-cultured in the same media slants and
incubation conditions at regular intervals of 10 to 15
days after being incubated at 37°C for 24 hrs.

Antibacterial activity against food spoilage bac-
teria

The agar well diffusion method was used to assess the
anaerobic probiotic culture Bifidobacterium bifidum s
antibacterial activity against isolates (Abdel-Raouf et
al.2014). The food spoilage bacteria were pour-plated
onto Muller-Hinton agar (MHA) using just one strain
as an indication. With the aid of a sterile cork borer, a
6 mm well was created in the MHA plate, which was
then filled with a 24-hr-old broth culture of Bifido-
bacterium bifidum. For 24 hrs, all of the plates were
incubated at 37°C. The inhibition zone was measured
after incubation.

® Salmonella typhi u Shigella dysenteriae
w Staphylococcus aureus - Escherichia coli

60

50 A
40 A
20
30 A

Number of spoilage bacteria

Dairy products Poultry products Fruits Vegetables

Fig. 2. Occurrence of food spoilage bacteria.

RESULTS

Isolation of food spoilage bacteria

191 food spoilage bacteria were found in selected
samples. The majority of spoilage bacteria, 52,
were found in dairy samples, followed by vegetable
samples with 49 isolates and chicken samples with
47 isolates. Fruit samples revealed 43 isolates of the
lowest spoilage bacteria (Fig. 2).

Identification of food spoilage bacterial isolates

All of the isolates tested positive for the catalase test,
the nitrate reduction test, and the MR test during
biochemical characterization. Except for Shigella
dysenteriae, all of the isolates failed the oxidase test,
and only Staphylococcus aureus passed the VP, ure-
ase, and citrate tests. Each and every Escherichia coli
isolate tested positive for indole (Fig. 3). All isolates,
with the exception of Escherichia coli, were fructose
positive and arabinose negative during the sugar fer-
mentation test. All the isolates were able to ferment
glucose (except Salmonella typhi) and lactose and
mannitol (except Shigella dysenteriae) and sorbitol
(except Staphylococcus aureus). Salmonella typhi and
Staphylococcus aureus were both maltose fermenters.
While Staphylococcus aureus and Escherichia coli
displayed sucrose fermentation. Salmonella typhi
and Escherichia coli were the only bacteria found to
ferment xylose. The isolates didn’t exhibit raffinose
fermentation at all. Escherichia coli, Staphylococcus
aureus, Salmonella typhi, and Shigella dysenteriae
were identified in selected samples through molec-
ular characterization using 16S rRNA sequencing,
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Fig. 3. Biochemical characterization of isolates (a) Oxidase test, (b) Catalase test, (c) Indole test.

electropherograms, and BLAST analysis.

Antibacterial activity against food spoilage bac-
teria

The anaerobic probiotic bacteria, Bifidobacterium
bifidum, that was chosen in the agar well diffusion
method, showed antimicrobial activity against iso-
lated food spoilage bacteria, namely Escherichia
coli, Staphylococcus aureus, Shigella dysenteriae,
and Salmonella typhi. Escherichia coli had a re-
ported zone of inhibition of 22 mm, Staphylococcus
aureus of 30 mm, Shigella dysenteriae of 14 mm,
and Salmonella typhi of 24 mm. Using the method
proposed by Pisano et al. (2014), Carasi et al.(2014)
the width of the clear zone, or R, was also computed
after recording the zone of inhibition. This R-value
was used to determine the level of inhibition. When
R is between 2 and 5 mm and greater than 6 mm, the
inhibition score is regarded as having a low inhibition
capacity. Bifidobacterium bifidum has shown good

inhibition capacity in the current investigation against
Escherichia coli (R =8 mm), Staphylococcus aureus
(R =12 mm), and Salmonella typhi (R =9 mm), but
Shigella dysenteriae (R = 4 mm) had low inhibition
ability (Table 1).

DISCUSSION

Bifidobacterium bifidum, an specific anaerobic probi-
otic bacteria, demonstrated the largest zone of inhi-
bition against Staphylococcus aureus and the lowest
zone of inhibition against Shigella dysenteriae in the
current investigation. Forhad et al. (2015) chose an-
aerobic Bifidobacterium coupled with Lactobacillus
casei, Lactobacillus fermentum, and Lactobacillus
acidophilus as probiotic culture, which is similar to
the current investigation. They measured a 12 mm,
15 mm, and 10 mm zone of inhibition against Esch-
erichia coli, Salmonella spp., and Shigella species,
respectively when evaluating the antibacterial activ-

Table 1. Antibacterial activity of Bifidobacterium bifidum against food spoilage bacteria.

Isolated food spoilage bacteria

Parameters Escherichia Staphylococcus Shigella Salmonella typhi
coli aureus dysenteriae typhi
Zone of inhibition (in mm) 22 30 14 24
Width of clear zone (R) (in mm) 08 12 04 09
Inhibition capacity High High Low High

R =2 to 5 mm = low inhibition capacity and R > 6 = high inhibition capacity.
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ity of Bifidobacterium. El-Jakee et al. (2010) also
previously investigated the antibacterial activity of
Bifidobacterium bifidum against Salmonella species
and measured zone of inhibition was 8§ mm. Alwan
et al. (2014) also investigated the antibacterial ac-
tivity of probiotic bacteria against Staphylococcus
aureus and measured zone of inhibition was 15 mm.
Probiotic Lactobacillus plantarum has been demon-
strated in a 2015 study by Sridevi et al.(2015) to
have antibacterial activity against Escherichia coli
and Staphylococcus aureus. According to research
by El-Jakee et al. (2010), Lactobacillus acidophilus
and Lactobacillus helveticus had antibacterial activity
against Salmonella species with an 11 mm zone of
inhibition.

Probiotic strains of Lactobacillus fermentum,
Lactobacillus helveticus, Lactobacillus paracasei,
Lactobacillus lactis, and Bifidobacterium longum
were chosen for a study by Gad et al.(2016) because
of their antibacterial activity against the foodborne
pathogens Escherichia coli, Staphylococcus aureus,
and Shigella species. With the exception of Lacto-
bacillus lactis, which exhibited no inhibition against
any of the chosen food-borne pathogens, all of the
probiotics that were chosen demonstrated antibacte-
rial activity. Bifidobacterium longum, in contrast, did
not inhibit Staphylococcus aureus. With the exception
of Shigella dysenteriae, Bifidobacterium bifidum
demonstrated strong inhibition against all identified
food spoilage bacteria in the current investigation.
This might be because different probiotic bacteria
produce different metabolites.

CONCLUSION

According to the results of the current investigation,
Bifidobacterium bifidum, a probiotic anaerobe, has
antibacterial activity against isolated food spoilage
bacteria. Consequently, it might be a compelling can-
didate for food bio-preservation, albeit more research
is required to assess the structure and characteristics
of the component that is in charge of the antibacterial
activity of particular probiotic bacteria. Additionally,
an in-vivo investigation is required to confirm the
safety of employing Bifidobacterium bifidum in the
food chain.
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