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ood borne illnesses are common in both developed as well as developing countries.
The majority of foodborne diseases are caused by consuming contaminated meat
products. This study aimed to evaluate the microbial contamination in different
meat samples. Chicken (n=20), Mutton (n=20) and beef (n=20) samples were
collected from 10 towns. Total viable count (TVC) and Total coliform count (TCC)
in different meat samples were checked. Microscopic, macroscopic and biochemical profiling
of isolates (n=108) was done. It was observed that E. coli was the more common (34%)
pathogenic bacteria found in raw chicken followed by Salmonella (28%), Staphylococcus
(25%), Shigella (8%0), Enterobacter (2%), and Bacillus (3%). In Beef Samples E. coli (39%)
was more common followed by Salmonella (30%), Staphylococcus (18%) and Enterobacter
(8%), and Shigella (5%). While in Mutton Samples E. coli (32%), Salmonella (32%),
Staphylococcus (12%), Shigella (12%), Enterobacter (9%), and Bacillus (3%). Antibacterial
activity of natural preservatives i.e., Ginger, Garlic, and Radish, and commonly used synthetic
preservatives i.e., Sodium nitrite was also checked on isolated strains. It was observed that
Ginger and Garlic showed maximum antibacterial activity at the highest concentration used
up to 0.8g/ml. Radish showed no antibacterial activity at any concentration. Antibactetial
activity of Sodium nitrite was also higher at the maximum concentration used (0.006mM). The
renowned harmful effects of Sodium nitrite, make it necessary to devise the use of natural
preservatives. It was observed that ginger and garlic may serve as natural preservatives for
meat preservation without any side-effect. However, more research is required for the
implementation of natural preservatives for meat storage and safety.
Keywords: Microbial load, raw meat, natural preservatives, antibacterial activity, meat

spoilage.
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INTRODUCTION

Meat is a rich source of protein, fatty acids, minerals, and various vitamins [1]. It
contains all the nine essential amino acids required for optimal human health [2]. It is the most
commonly used food in developed as well as developing countries. It contains certain
components (fats, proteins, and carbohydrates) that make it more prone to catch
microorganisms that are potent pathogens. The meat itself is free of contamination when
obtained from healthy animals. However, contamination is more likely to occur during
slaughtering, handling, cutting, and transportation. Contaminated meat poses a huge risk to
human health. Microbial contamination is the most hazardous type of contamination that is
known for causing food-borne diseases.

Food-borne illnesses are more prevalent in developing countries including Pakistan [3].
Meat-borne prionic, viral, bacterial, protozoal, parasitic, and fungal diseases are well known
[4]. Heterogenous microbial flora present in red and white meat is the main cause of diseases
including zoonotic diseases. Pathogen present in meat causes gastrointestinal infections
including diarrhea and hemolytic uremic syndrome [1]. Foodborne pathogens are a major
threat worldwide. Different conducted studies showed the increasing trend of harmful
foodborne contaminants in a variety of local foods. [5]. A total of 800 most common food
samples such as chicken, beef, raw milk, vegetables, and salad samples were collected in the
retail market, the total contamination of food samples and infected workers was 48.37%. Food
samples were also found to be suitable for Salmonella spp. (19%), E. coli (O157: H7) (8%)
and 1.25% Listeria monocytogenes. 5% of tested food samples were found to be infected with
at least two viruses. The results urge the adoption of appropriate food hygiene practices to
reduce the incidence of foodborne disorders [6].

Meat is preserved by hindering microbial growth, avoiding fatty acid oxidation, and
abating the enzymatic activity. Different techniques are used to preserve meat by avoiding
meat spoilage, including chilling, freezing, meat curing, meat smoking, canning, drying,
irradiation, fermentation, and vacuum packaging [4]. Some synthetic preservatives are also
used for meat preservation. These preservatives include sodium nitrite, potassium nitrite, nisin,
potassium sorbate, etc. [7]. Synthetic preservatives are well known for their antimicrobial
activity as they minimize lipid oxidation by reinstating free radicals [8]. Despite many
advantages, synthetic preservatives are not appreciated by consumers due to their potentially
harmful effects. Nitrites and nitrates have the potential to cause bladder cancer, colon cancer,
and leukemia [9]. Synthetic antioxidants such as butylated hydroxyanisole (BHA) and butylated
hydroxyl toluene (BHT) has strong toxicity and carcinogenic effect [10].

Natural plant extracts are being considered a substitute for synthetic preservatives in
raw meat [11]. Plants are rich in flavonoids, polyphenols, and phenolics which have
antibacterial activity against many Gram-positive and Gram-negative bacteria. The
antibacterial activity of rosemary, sage, thyme, oregano, chestnut, grapefruit seed, cinnamon,
and turmeric is already well known [9]. Natural antioxidants found in plants and fruits get a
major boost in their role in preventing auto-oxidation in fatty foods. The rhythmic leaves
(Moringa oleiofera) are a powerful source of phenolics and have a high neutraceutical value to
increase the performance of meat products that are very commercially important [12].

Meat is the most preferable and common food consumed in Pakistan. The poor
sanitation conditions of slaughterhouses and butcher shops increase the risk of contamination
in raw meat. Many studies have been conducted to evaluate microbial load in meat samples
taken from specific areas of Lahore, Pakistan. However, no extensive study has been done to
evaluate microbial contamination in meat from all the districts of Lahore, Pakistan. Therefore,
in the presented work, we aimed to evaluate the microbial load in raw meat samples collected
from different areas of Lahore. Natural preservatives are considered to be a good option as
they have antibacterial activity without any side effects on human health. So, we also accessed
the antibacterial activity of selected natural preservatives including Ginger, Gatlic, and Radish.
MATERIAL AND METHODS
Sample collection: Meat samples (n=60) were collected from different butcher shops in
Lahore. Chicken (n=20), mutton (n=20), and beef (n=20) samples were collected from
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different butcher shops in 10 towns of Lahore including Aziz Bhatti town, Data Gunj Bakhsh
Town, Gulberg town, Igbal town, Nishter town, Samanabad town, Shalimar town, Ravi town,
Wahga town and Lahore Cantonment. Each sample was washed and cut into fine pieces (10g).
Samples were labeled as CS1, CS2......CS20, BS1.....BS20 and MS1...MS20 for chicken, beef,
and mutton, respectively according to the towns from which these were collected. 1g of each
meat sample was homogenized using a vortex machine in 10mlL distilled water. After
homogenization, serial dilutions of samples were prepared.
Enumeration, isolation, and identification of microorganisms

The total viable bacterial count was performed using the spread plate technique on
nutrient agar. A total coliform test was performed using the spread plate method on
MacConkey agar. CFU/ml was calculated using the following formula:

CFU/ml = (no. of colonies x dilution factor) / volume of culture plate

Each isolated bacterial colony was purified by inoculating it onto nutrient agar. The
results were observed and noted for further analysis. The isolated bacteria were subjected to
identification using standard microbiological techniques including Gram’s staining, Spore
staining, etc. The isolates were then subjected to differential and selective media according to
a scheme by Bergey’s manual [13]. Gram positive bacilli were streaked on blood agar plates to
determine the hemolytic ability of bacterial isolates. Gram-positive cocci were streaked on
Mannitol salt agar (MSA) plates to differentiate between mannitol fermenters and non-
fermenter bacteria. Gram-negative bacterial isolates were streaked on MacConkey agar to
check the ability of bacteria to ferment lactose and to differentiate between lactose fermenters
and non-fermenters. The bacterial isolates from MacConkey agar were streaked on Eosin
methylene blue (EMB) agar for further identification. The off-white bacterial colonies were
further inoculated on Salmonella Shigella (SS) agar. The results were observed and noted after
incubation [13]. Biochemical tests including catalase test, oxidase test, indoles test, methyl red
test, Voges Proskauer test, and simmon citrate tests were also performed to identify the
isolated strains.
Antimicrobial activity of natural and synthetic preservatives against bacterial isolates

Selected preservatives were washed with tap water. Ginger, garlic, and radish were
peeled off, and paste was prepared using a pestle and mortar.0.2g/ml, 0.4g/ml, 0.6g/ml, and
0.8¢g/ml dilution of selected preservatives were made and their antibacterial activity was
accessed. A commonly used synthetic preservative (Sodium nitrite) was also selected to check
antibacterial activity against different isolates. Different concentration of sodium nitrite
(0.2mM, 0.4mM, 0.6mM and 0.8mM) were prepared and antibacterial activity was checked.
The antimicrobial activity was assessed by the disc diffusion technique [14].
RESULTS
Total viable counts (TVC) and Total coliform count (TCC)

TVC was done using the spread plate method and resultant colonies were counted using
a colony counter. It was observed that chicken samples collected from Igbal town, Shalimar
town, and Lahore cantonment have more CFU/ml as compated to other towns of Lahore i.c.,
(2.7 x10°CFU/mL). While the chicken sample taken from Samanabad town had the lowest
CFU/ml (4.8 x10°. Beef samples from Waghatown showed more bacterial load (2.7 x
10°CFU/ml) while a low bacterial count was observed in samples collected from Shalimar
town (2.9 x 10° CFU/mL). TVC estimate observed in mutton samples from Wagha town was
2.5 x 10°CFU/mL while less CFU/ml was observed in mutton samples taken from Ravi town
(1.3 x 10)).

It was observed that chicken samples taken from Nishter town were more contaminated
with total coliform (9.8 x 10° CFU/ml) than other samples collected from different towns e.g.,
Data Gunj bakhsh town 5.4 x 10° CFU/ml. Beef samples from Ravi town showed more
CFU/ml (6.6 x 10% than other towns e.g., Lahore cantonment contained less CFU/ml (5.1 x
10%. While TCC was higher in mutton samples collected from Lahore cantonment (4.5 x 10%).
It was observed that the mutton sample taken from Nishter town had less CFU/ml (5.3 x 10°)
than other samples from different towns. Overall, it was observed that the chicken sample was
more contaminated as compared to mutton and beef samples as indicated in Table 1.
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Table 1. Total viable counts (TVC) and Total coliform counts (TCC) of meat samples
(chicken, beef and mutton)

Chicken Beef Mutton
Samp TVC TCC Samp TVC TCC Samp TVC TCC
le (CFU/ (CFU/ le (CFuU/ (CFU/ le (CFu/ (CFU/
ID ml) ml) ID ml) ml) ID ml) ml)

CS1  64x10° 69x10° BS1 1.8x10" 13x107 MS1 22x10° 1.3x10’
CS2 47x10° 35x10° BS2 13x10" 94x10° MS2 28x10" 1.6x 10
CS3 22x10" 54x10° BS3 25x10" 54x10° MS3 19x10° 1.2x10
CS4 22x107 85x10° BS4 1.5x10° 1.6x100 MS4 29x10 1.4x10
CS5 25x107 1.1x10" BS5 29x10° 82x10° MS5 12x10° 1.1x10’
CS6 54x10° 52x10° BS6 21x10° 1.2x10°7 MS6 23x10° 9.6x10°
CS7 1.0x10" 13x10" BS7 23x10" 52x10° MS7 27x10" 13x10
CS8 27x10° 60x10° BS8 1.1x10" 64x10° MS8 19x10° 1.1x10’
CS9 69x10° 94x10° BS9 1.7x107 7.1x10° MS9 15x10° 53x10°
CS10 1.7x10" 22x10" BS10 23x10" 92x10° MS10 1.8x10° 1.2x10
CS11  48x10° 45x10" BS11 1.2x10" 42x10° MS11 9.4x10° 1.4x10
CS12 1.1x10" 45x10" BS12 19x10" 13x107 MS12 23x10° 1.2x10’
CS13 22x107 14x10" BS13 19x10° 1.8x10" MS13 1.8x10° 1.5x10’
CS14 14x10° 13x10" BS14 23x10" 14x107 MS14 22x10° 1.4x10
CS15 1.6x10" 69x10° BS15 22x10" 7.0x10° MS15 13x10" 6.5x 10°
CS16 62x10° 32x10° BS16 7.8x10° 6.6x10° MS16 1.6x10" 5.6x10°
CS17 84x10° 13x10" BS17 28x10" 1.7x107 MS17 19x10" 7.6x10°
CS18 23x10" 7.6x10° BS18 27x10° 1.5x107 MS18 25x10° 1.7x 10
CS19 28x10" 9.4x10° BS19 1.2x10° 1.1x107 MS19 1.1x10° 1.2x10
CS20 2.7x10° 1.3x10" BS20 1.8x10° 51x10° MS20 1.6x10° 45x10°
Isolation and purification of bacterial isolates from different meat samples
Each collected sample was inoculated in broth for initial enrichment. After incubation,
all test tubes (100%) showed turbidity. The isolated bacteria were further inoculated in nutrient
agar. After incubation, different bacterial colonies were observed. The resultant growth of
nutrient agar was subjected to the purification of isolates. A total of n=108 isolates were
purified from a different sample (n=60). Out of the total 108 bacterial isolates, 36 (33.3 %0)
isolates were purified from chicken samples, 37(34.2%) isolates were purified from beef while
35 (32.4%) were isolated from mutton samples.
Microscopic characterization of bacterial isolates
Gram staining of each bacterial isolate was performed. It was observed that 35 (32%)
isolates were Gram-positive while 73 (68%) were Gram-negative. Among 108 strains, 81(75%)
were rods while 27 (25%) were cocci arranged in diplococci, chains or clusters. In the chicken
sample, Gram-positive Cocci 9 (25%), Gram-positive rod 1(2.7%), Gram-negative rod
26(72.2%) were observed while in the mutton sample, Gram-positive Cocci 8(22.8%), Gram-
positive rod 1(2.8%), Gram-negative rod 26 (74.25%) were observed. Beef samples showed
Gram-Positive Cocci 10(27%), Gram-positive rod 0(0%), and Gram-negative rod 27 (72.9%)
bacterial isolates. Spore staining was also performed to differentiate spores between former
Gram-positive bacteria and non-spore former. Out of 2 Gram-positive rods, a Total of 2
(100%) bacterial isolates were spore former.
Macroscopic characterization of bacterial isolates
Gram-negative (rods and cocci) bacterial isolates (n=73) were streaked on MacConkey
agar to differentiate between lactose fermenters and lactose non-fermenters. It was observed
that out of 26 Gram-negative bacteria isolated from chicken, 13 (50%) showed pink colonies
on MacConkey agar while the other 13 (50%) were off-white. In beef samples, 14 (52%)
showed pink colonies on MacConkey agar while 13 (48%) showed off-white growth on
MacConkey agar. From mutton samples, the pink and off-white colonies showed lactose
fermentation and no fermentation in 43.3% and 57.69% respectively. It was observed that in
beef samples, more bacterial isolates (52%) showed pink colonies on MacConkey agar while
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bacteria isolated from mutton samples (57.69%) were observed as non-lactose fermenters on
MacConkey agar.

Pink colonies grown on MacConkey agar were further streaked onto Eosin methylene
blue (EMB) agar for further confirmation. It was observed that among 38 strains showing
pink colonies, 34 (90%) bacterial isolates showed green metallic sheen on EMB agar while 4
(10%) isolates showed no growth on EMB agar. Out of 13 bacteria isolated from chicken
samples, 11 strains (85%) showed metallic green color on EMB agar while 2(18%) isolated
bacteria showed no growth on EMB agar. All the isolated bacteria (100%) taken from beef
samples were observed in the form of a green metallic sheen on EMB agar. Total 9 bacterial
isolates (82%) picked from mutton samples showed metallic green color on EMB agar.

Gram-positive cocci were streaked on mannitol salt agar to check the ability of bacteria
to ferment mannitol. It was observed that out of 9 Gram-positive cocci isolated from chicken,
9(100%) bacterial isolates showed yellow growth. Among 10 bacteria isolated from beef, 7
(70%) showed positive growth on MSA. 4 strains (50%) isolated from mutton indicated
positive growth on MSA which indicated that these bacterial isolates are mannitol fermenters
and produce yellow colonies.

Bacterial isolates were streaked on blood agar and it was observed that about 72% of
bacterial isolates showed beta hemolysis while 28% of bacterial isolates showed gamma
hemolysis on blood agar. It was observed that among Gram-positive bacteria isolated from
chicken, 100% isolate showed beta hemolysis. 70% of bacterial isolates from beef samples
showed beta hemolysis while 30% of bacterial isolates showed gamma hemolysis. 50% of
gram-positive bacterial isolates from mutton samples indicated beta hemolysis while 50% of
bacterial isolates showed gamma hemolysis.

Off-white colonies from MacConkey agar were streaked on Salmonella Shigella
(8S) agar for further identification of bacterial isolates. Plates were incubated for 24 hours at
37° C. It was observed that among 13 bacterial isolates (off-white colonies on MacConkey)
from chicken samples, 10 (78%) bacterial isolates showed black centered colonies on SS agar
while 3 (22%) were colotless on the same agar. Among 13 selected bacterial isolates from beef,
11(85%) bacterial isolates showed black-centered colonies on SS agar while 2 (15%) showed
colorless colonies. Out of 15 bacteria isolated from mutton samples, 11 (73%) isolates were
with black colonies while 4 (27%) appeared as colotless colonies on SS agar. It was observed
that in chicken samples, more bacterial isolates (78%) showed black colonies on SS agar as
compared to beef and mutton while in mutton samples, more bacterial isolates (22%) showed
colorless colonies on SS agar.

Biochemical profiling of isolates

Biochemical tests were performed to confirm the identification of selected organisms.
Citrate, oxidase and Indole, the Methyl Red, the Voges-Proskauer and the Citrate Test
(IMViC) tests were performed. A catalase test was performed on all isolates while an oxidase
test was performed on gram-negative bacterial isolates. IMVIC tests were also performed to
differentiate members of coliform.

Among 306 isolated bacteria from chicken samples, all (100%) were catalase-positive, 9
bacterial isolates (25%) were coagulase-positive and 306 isolates (100%) were oxidase negative.
10 bacterial isolates (27%) showed a positive citrate test while 73% gave negative results on
citrate agar. 16 isolated bacteria (44%) showed positive indole test while 20 isolated bacteria
(56%) indicated negative indole test. 97% of bacterial isolates showed positive methyl red test
while 10 bacterial isolates (27%) showed positive Voges-Proskauer (VP) results.

It was observed that among 37 bacterial isolates from beef samples, 34 isolates (92%)
were catalase-positive, 7 bacterial isolates (18.9%) were coagulase-positive while all isolated
bacteria (100%) were oxidase negative. 7 isolated bacteria (19%) showed a positive citrate test.
16 bacterial isolates (43%) showed positive indole test, 34 isolated bacteria (92%) showed
positive Methyl red (MR) results and 10 bacterial isolates (27%) were VP positive.

Biochemical profiling of isolated bacteria from mutton samples indicated that among
34 strains, 31 strains (91%) were catalase-positive, 4 strains (11.7%) were coagulase-positive
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and all strains were oxidase negative. 7 strains (21%) were citrate positive, 14 strains (41%)
were indole positive, 30 strains (88%) were MR positive and 8 strains (23%) were VP positive.
Microbial identification of isolated bacteria

Macroscopic, microscopic characterization, and biochemical tests were performed to
confirm the identification of selected organisms. It was observed that E. coli (34%) was the
more common pathogenic bacteria found in raw chicken followed by Salmonella (28%),
Staphylococcus (25%), Shigella (8%), Enterobacter (2%), and Bacillus (3%). In beef samples,
E. coli (39%) was more common followed by Salmonella (30%), Staphylococcus (18%) and
Enterobacter (8%), and Shigella (5%). While in mutton samples E. coli (32%), Salmonella
(32%), Staphylococcus (12%), Shigella (12%), Enterobacter (9%), and Bacillus (3%) as
indicated in Table 2.

Table 2. Total percentage of different bacterial isolates from meat sample (beef, mutton,

and chicken)

Name of bacteria Beef (%) Mutton (%) Chicken (%)
E. coli 39 32 34
Staphylococcus 18 12 25

Salmonella 30 32 28

Shigella 5 12 8
Enterobacter 8 9 2

Bacillus 0 3 3

Antibacterial activity of natural and synthetic preservatives

Antibacterial activity of natural preservatives (ginger, garlic, and radish) and the
synthetic preservative (sodium nitrite) was observed. Strains were selected based on their
abundance in meat samples. E. coli was picked from a sample BS20 plate. Staphylococcus,
Salmonella, Shigella, Bacillus, and Enterobacter strains were selected from CS20, MS3, MS5,
MS9, and MS4 respectively. It was observed that E. coli was more prevalent in beef samples,
in chicken samples Staphylococcus was more prevalent while Salmonella, Bacillus, Shigella,
and Enterobacter were more prevalent in mutton.
Antibacterial activity of ginger against different isolates

Antimicrobial activity of ginger was assessed against different isolates at different
concentrations (0.2g/ml, 0.4g/ml, 0.6g/ml and 0.8g/ml). 24 hours fresh cultures (in Nutrient
Broth NB) of both strains were used. It was observed that ginger shows maximum
antibacterial activity against E. coli, Staphylococcus, Salmonella, Shigella, Enterobacter, and
Bacillus at 0.8g/ml concentration. Figure 1 shows the size of inhibition zones against different
isolates.

m0.2g/ml m04g/ml m=0.6g/ml =0.8g/ml
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E.coli Staphylococcus — Salmonella Shigella Enterobacter Bacillus
Isolated Bacteria

Figure 1. The Antimicrobial effect of ginger against isolated pathogens
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Figure 2. Antibacterial activity of ginger a) Effect of ginger extract on (b) Effect of ginger
extract on Staphylococcus, (c) Effect of ginger extract on Salmonella, (d) Effect of ginger
extract on Enterobacter
Antibacterial activity of garlic against different isolates

Antimicrobial activity of garlic was also assessed different isolates at different
concentrations (0.2g/ml, 0.4g/ml, 0.6g/ml and 0.8g/ml). It was observed that gatlic shows
maximum antibacterial activity against E. coli, Staphylococcus, Salmonella, Shigella,
Enterobacter, and Bacillus at 0.8g/ml concentration. Figure 3 shows different inhibition zones
against different isolates.
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Figure 3. The antimicrobial effect of garlic against isolated pathogens

C

Figure 4: Antibacterial activity of garlic (a) Effect of Gatlic extract on E. coli, (b) Effect of
Garlic Extract on Staphylococcus, (c) Effect of Gatlic extract on Salmonella, (e) and Effect
of Gatlic extract on Enterobacter.

Antibacterial activity of radish against different isolates

Antimicrobial activity of radish was also assessed on different isolates at different
concentrations (0.2g/ml, 0.4g/ml, 0.6g/ml and 0.8g/ml). It was observed that radish show no
antibacterial activity against E. coli, Bacillus, Staphylococcus, Salmonella, Shigella, and
Enterobacter at any concentration.
Antibacterial activity of sodium nitrite against different isolates
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The antimicrobial activity of synthetic preservatives (sodium nitrite) was assessed
against different isolates. Antibacterial activity was checked at different concentration of
sodium nitrite (0.2mM, 0.4mM 0.6mM and 0.8mM). It was observed that sodium nitrite shows
maximum antibacterial activity against E. coli, Staphylococcus, Salmonella, Shigella,
Enterobacter, and Bacillus at 0.8mM concentration. Figure 5. shows the size of inhibition
zones against different isolates.

102mM ®04mM m0.6mM = 0.8mM

E. coli Staphylococcus  Salmonella Shigella Enterobacter Bacillus
Isolated Bacteria

e T~
(= A

Zones of Inhibition (mm)

(=T e ]

Figure 5. Antimicrobial effect of sodium nitrite against isolated pathogens

Figure 6. Antibacterial activity of Sodium nitrite (a) Effect of Sodium Nitrate on E. coli, (b)
Effect of Sodium Nitrate on Staphylococcus, (c) Effect of Sodium Nitrate on Salmonella, (d)
Effect of Sodium Nitrate on Shigella

a b c d

DISCUSSION

Food-borne diseases are very common in developing countries with high prevalence and
mortality rates. Among foodborne diseases, a large proportion is caused by contaminated meat
or meat products [15]. As meat is obtained from poultry, fish, cattle, etc. probability of
zoonotic infections is high. Raw meat is considered to be more contaminated as compared to
ready-to-eat meat as reported by Kumari and co-researchers in 2019 [16]. The spoilage and
low quality of meat are associated with different physical and biological factors. Heat and
moisture are common physical factors that play a significant role in food spoilage. Along with
the physical parameters, the prevalence of microorganisms plays a major role in meat spoilage
and lowering the quality, these microorganisms include coliforms, fecal coliforms, and S.
aureus, Salmonella, Shigella, listeria, etc. [17]. Unhygienic conditions and poor storage
conditions are two main causes of food-borne illnesses. Meat-borne diseases are classified into
different groups like prionic disease, protozoal disease, fungal disease, parasitic disease, and
most common meat-borne bacterial diseases.

Therefore, it was aimed to detect bioburden in different meat samples. The presented
research aimed to access the antibacterial activity of some natural preservatives (ginger, garlic,
and radish) and one commonly used synthetic preservative (sodium nitrite). Different meat
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samples (n=060) i.e., chicken, beef, and mutton (n =20 from each type) were collected from
different towns of Lahore city including Aziz Bhatti town, Data Gunj Bakhsh Town, Gulberg
town, Igbal town, Nishter town, Samanabad town, Shalimar town, Ravi town, Wahga town
and Lahore Cantonment. These samples were processed and different dilutions were made to
check the TVC and TCC in different meat samples. Nutrient agar plates were used to check
colony morphology. Different colonies were picked for gram staining and a specific colony
identity (ID) was assigned to all isolates. Spore staining was done on all Gram-positive rods to
check spore formers. Gram-negative isolates were incubated at MacConkey agar and pink
colonies from MacConkey agar were streaked at EMB agar while off-white colonies were
streaked at SS agar. Gram-positive cocci were incubated at MSA. Blood agar was used to
identify the alpha, beta, and gamma hemolytic bacteria. Isolates were identified and confirmed
by biochemical profiling.

Antibacterial activity of natural and synthetic preservatives was checked on isolated strains
using their different concentrations by the disc diffusion method. TVC of all samples was
calculated. It was observed that mutton samples were more contaminated as compared to
chicken and beef samples. A study conducted in Karachi, Pakistan indicated that beef samples
were more contaminated followed by chicken and mutton [18]. TCC of all the samples was
counted. It was observed that TCC was higher in chicken samples as compared to mutton and
beef samples. Another study conducted in Karachi also reported that almost all the samples
(chicken, beef, and mutton) are contaminated with coliform which are indicators of poor
sanitation [18].

A total of n=108 isolates were purified from a different sample (n=60). Out of the total
108 bacterial isolates, 36 (33.3 %) isolates were purified from chicken samples, 37(34.2%)
isolates were purified from beef while 35 (32.4%) were isolated from mutton samples. Gram
staining of isolates showed that Gram-negative bacteria were more prevalent than Gram-
positive bacteria in all meat samples. Our results were in concordance with research conducted
in Hyderabad which reported a relatively high prevalence of Gram-negative bacteria in
different meat samples (chicken, mutton, beef, fish, etc.) [19].

Gram-negative (rods and cocci) bacterial isolates (n=73) were streaked on MacConkey agar
to differentiate between lactose fermenters and lactose non-fermenters. It was observed that
among isolates from chicken samples, lactose fermenters and non-lactose fermenters were
equal. In beef samples, more bacterial isolates (52%) were lactose fermenters while in mutton
samples, non-lactose fermenters were more prevalent (57.69%). 38 strains showing pink
colonies were incubated on EMB agar and 34 (90%) bacterial isolates showed green metallic
sheen while 4 (10%) isolates showed no growth on EMB agar. Another similar study indicates
the high prevalence of E.coli in meat samples [20]. Off-white colonies from MacConkey agar
were streaked on SS agar for further identification of bacterial isolates. It was observed that in
chicken samples, more bacterial isolates (78%) showed black colonies on SS agar as compared
to beef and mutton while in mutton samples, more bacterial isolates (22%) showed colorless
colonies on SS agar.

Gram-positive cocci were streaked on mannitol salt agar to check the ability of bacteria
to ferment mannitol. Among Gram-positive cocci 100% isolates from chicken, 70% from
beef, and 50% from mutton showed yellow growth on MSA. These gram-positive isolates
were checked for hemolytic activity. It was observed that about 72% of bacterial isolates
showed beta hemolysis while 28% of bacterial isolates showed gamma hemolysis on blood
agar. All the isolates from chicken showed beta hemolysis, 70%gram-positive cocci from beef
showed beta hemolysis while gamma hemolytic isolates and gamma hemolytic isolates were
equally present in mutton samples.

Biochemical tests were performed to confirm the identification of selected organisms.
Citrate, oxidase, and IMViC tests were performed. A catalase test was performed on all isolates
while an oxidase test was done on gram-negative bacterial isolates. IMViC tests were also
performed to differentiate members of coliform. It was observed that E. coli was the more
common (34%) pathogenic bacteria found in raw chicken followed by Salmonella (28%),
Staphylococcus (25%), Shigella (8%0), and Bacillus (3%). E. coli serves as a sanitary indicator
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of a slaughterhouse or poor handling while other bacteria listed above are the main causes of
chicken-borne diseases [17]. In beef samples, E. coli (39%) was more common followed by
Salmonella (30%), Staphylococcus (18%) and Enterobacter (8%), and Shigella (5%) while in
mutton samples E. coli (32%), Salmonella (32%), Staphylococcus (12%), Shigella (12%),
Enterobacter (9%) and Bacillus (3%). E. coli which can contaminate meat products are also
classified in the group of coliforms and fecal coliforms [18]. Prevalence of E. coli in meat
samples might be due to the contact of fecal material or intestinal part with the carcass during
the slaughter and there is a high chance of the mixing of E. coli during tenderization of the
meat mechanically than during simply cutting the meat [19]. There are different sources of
these pathogenic bacteria like the gut of animals or birds, hands of workers, biofilms on
surfaces, air, and water, etc. These bacteria penetrate the meat muscle after being slaughtered
21, 22].

The antimicrobial activity of ginger was assessed against different isolates at different
concentrations. It was observed that ginger shows maximum antibacterial activity against E.
coli, Staphylococcus, Salmonella, Shigella, Bacillus, and Enterobacter at 0.8g/ml
concentration. A mini-review conducted by Wail and Emad also indicates the antibacterial
activity of ginger against various Gram-positive and Gram-negative bacteria. In this study, it
was also accessed that ginger from the various geographical area shows different antibacterial
activities as bio-active components present in ginger are also different in different geographical
areas [23]. Different bioactive components present in ginger justify the inconsistency of
present research with previous research [24, 25]. It was observed that garlic shows maximum
antibacterial activity against E. coli, Staphylococcus, Salmonella, Shigella, Bacillus, and
Enterobacter at 0.8g/ml concentration. Another study reported the antibactetial activity of
garlic against bacteria commonly found in meat samples [26]. Maximum antibacterial activity
at higher concentrations of preservatives was reported in previous studies [27, 28]. The
antimicrobial activity of radish was also assessed on different isolates at different
concentrations. It was observed that radish shows no antibacterial activity against E. coli,
Staphylococcus, Salmonella, Shigella, Enterobacter, and Bacillus at any concentration. While
a previous study indicated the antibacterial activity of radish against different bacterial strains
[29]. However, results may vary according to bioactive compounds present in radish.
Antibacterial activity of synthetic preservative was checked at different concentration of
sodium nitrite (0.2mM, 0.4mM, 0.6mM and 0.8mM). It was observed that sodium nitrite shows
maximum inhibitory effect against E. coli, Staphylococcus, Salmonella, Shigella, Bacillus, and
Enterobacter at 0.8mM concentration. Research conducted to check the antibacterial activity
of different synthetic preservatives indicated that sodium nitrite is not effective in the case of
certain organisms like Staphylococcus [30]. Therefore, there is a need for more effective
preservatives instead of synthetic preservatives.

CONCLUSION

Ginger and garlic are commonly used spices for taste-enhancement of meat and meat
products. The medicinal importance of ginger, garlic, and radish is well-known. In the
presented work, the antibacterial activity of natural preservatives is observed. It was observed
that ginger and garlic showed significant antibacterial activity against gram-positive and gram-
negative bacteria. It can be concluded that the use of ginger and garlic as a preservative will
increase the shelf-life of meat and meat products with no harmful effects. However, more
research is required for the implementation of natural preservatives for food storage and
safety.
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