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Abstract
Background and Objective: The bacteriocin isolated from fermented buffalo milk from West Sumatra-Indonesia, called Dadih, can be
considered as a natural and safe antimicrobial compound for food products. The objective of this research was to evaluate the
antimicrobial activity of bacteriocin from Dadih and its effectiveness as a preservative in chicken meat. Materials and Methods: This study
used experimental method followed by statistical analysis using 3 experiments with duplication including experiment of meat samples
(0 and 10% bacteriocin), storage temperatures (7 and 26EC) and storage duration (0, 1, 2, 3, 4, 5, 6 days and 0, 6, 12 hrs). Each experiment
consists of a bacteriocin test, antimicrobial activity assay, physicochemical measurement and storability. Results: From 10 LAB isolates
successfully obtained from Dadih, two isolates with D7 code and D10 code had the highest antimicrobial activity, reaching 11.75 mm and
12 mm, respectively. The meat treated by 10% of bacteriocin gave the lower total microbial (3rd and 5th day) and total E.  coli  (5th day)
at 7 and 26EC. The pH and water activity (aw) values of chicken meat with 10% of bacteriocin showed lower values at 7 and 26EC. The
application of bacteriocin to chicken meat was able to inhibit the microbial growth that was still below standard for 3 days at 7EC and
6 hrs at 26EC. Conclusion: Based on research, lactic acid bacteria isolated from buffalo milk curd produced bacteriocin compound which
has antimicrobial properties. This bacteriocin showed potential as a natural preservative for chicken meat by inhibiting the growth of
pathogen microorganisms.
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INTRODUCTIONS

Poultry meat, particularly chicken meat, plays an
important role in a human’s diet and is considered as one of
the best protein sources globally consumed. Due to the
favorable conditions such as high aw, appropriate pH and a
rich source of nutrients for various types of microbes to grow
in these foodstuffs, meat and other poultry products are very
susceptible  to  damage1.  In  addition,  high  water content
and high water in the protein of chicken meat also lead to
spoilage and accelerate the pathogenic bacteria to grow.
Consequently, this food material only has a short shelf life.
The food industry generally uses various approaches to

extend the shelf life of food products, such as the use of food
additives or preservatives, which are hazardous at certain
doses. Also, preservation using heat in high temperatures and
the dry process can reduce the quality and also change the
texture of food products2. Refrigeration is also often used for
preserving meat products because it can maintain the
microbiological standard for meat quality. It, however, cannot
guarantee that the use of refrigerator can positively impact on
long shelf life for this meat products3.

The increase in demand for more natural and
microbiological products, because of their safety for
consumption, encourages considerable studies to find and
develop new methods in food preservation. One of the proper
techniques is the use of bacteriocin from Lactic Acid Bacteria
(LAB) to control the growth of microorganisms in food
products4. Bacteriocin is an antimicrobial peptide (AMPs)
synthesized by certain bacteria through the ribosomal
pathway5,6  and  excreted  extracellularly7.  Antimicrobial
compounds can extend the shelf life of chickens by inhibiting
bacterial growth8.
Bacteriocin is a natural preservative potentially used for

inhibiting the growth of pathogenic bacteria9. Among all
microorganisms, the promising bacteria that can produce
bacteriocin for bio preservatives is LAB10. This bacteria type is
commonly found in fermented and non-fermented food
products11 and is safe for consumption. Furthermore, LAB also
can produce a variety of antimicrobial compounds such as
organic acids and bacteriocin12. Bacteriocin from LAB has been
successfully applied as a natural alternative for preserving
food and as an antibiotic, because LAB was identified as GRAS
(Generally Recognizes As Safe), which is given  by  the  FDA
(the American Food and Drug Agency)5, so it is safe for
consumption.
Bacteriocin-producing LAB can be found in several

fermented foods13. One of the Indonesian traditional foods
that use the lactic acid fermentation process is Dadih. Dadih
is  fermented  buffalo  milk  from  West  Sumatra and is usually

sold in traditional markets14. Dadih has a texture like soft
cheese. Dadih is naturally fermented in a bamboo container at
room temperature15 for 24-48 hrs.
Numerous LABs are found in dadih, therefore dadih is

considered as a proper sample to isolate LAB. The research on
the performance evaluation of bacteriocin as an antimicrobial
for foodstuffs has been numerously reported. However, the
study of bacteriocin isolated from LAB in Dadih is still
overlooked. Thus, this study was aimed to evaluate the
antimicrobial activity of bacteriocin from LAB in Dadih and its
application for chicken meat preservation.

MATERIALS AND METHODS

Study area: This research  was  conducted  in  December
2019-March 2020 at Food Microbiology Laboratory, Faculty of
Agro-Industrial Technology, Padjadjaran University, Bandung,
Indonesia.

Microorganism: The indicator  bacteria  used   were  E. coli
and Salmonella sp. obtained from the food microbiology
laboratory, Faculty of Agro-Industrial Technology, Padjadjaran
University.  Escherichia   coli   and    Salmonella  sp.  were
maintained at Nutrient Agar (NA) and stored at 4EC.

Isolation of lactic acid bacteria: The sample, Dadih (from
traditional markets in Bukittinggi, West Sumatra, Indonesia),
was diluted with 0.85% NaCl solution serially from 10G1 to 10G8,
followed by transferred 1 mL of 10G6 to 10G8 dilution of sample
suspension to a sterile petri dish. Subsequently, the MRS
(deMan Rogosa and Sharpe) agar medium added 1% (w/v)
CaCO3  was  poured  to  each  dish  and incubated at 37EC for
48 hrs. The isolates suspected as LAB was based on the
formation of clear zones around the colony15. Colonies
forming clear zones were then scratched 2-3 times on MRS
agar to produce a single colony which was then identified
qualitatively by Gram staining and catalase test.

Production of crude bacteriocin: Single-cell colony picked
and inoculated into 5 mL of sterile MRS broth in a test tube
and incubated at 37EC for 24 hrs. After that inoculating 2 mL
of LAB inoculum into a test tube containing 18  mL  of  sterile
MRS broth and incubated at 37EC for 9 hrs. According to
modified Marie et al.16, bacteriocin extraction was initiated by
centrifuged the broth culture in MRS medium at 7,000 rpm for
20 min at 4EC to separate the supernatant from the cell mass
containing bacteriocin. After that supernatant was neutralized
to pH 7 using NaOH 1N, then the supernatant was
subsequently filtered using a membrane filter with a size of
0.22 µm to get a cell-free supernatant.
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Antimicrobial activity of crude bacteriocin: The antimicrobial
activity test of bacteriocin was carried out using the diffusion
method. First of all, the indicator bacteria were prepared on
the NA media, subsequently incubated at 37EC for 24 hrs. One
of the colonies was added to a test tube containing 5 mL of
NaCl 0,85% and compared with McFarland No. 3 with optical
density (OD) of 0.755. Muller Hinton Agar (MHA) media in a
petri dish was inoculated with 1 mL of indicator bacterial
suspension. After the inoculum solution was diffused, a hole
with a diameter of 6 mm was prepared in the media. The
crude bacteriocin taken as much as 50 :L and put in diffusion
well and left for 3 min at room temperature, then incubated at
37EC for 24 hrs. To indicate the activity of the crude
bacteriocin, it could be seen from the appearance of clear
zones around the diffusion well. Then the inhibitory unit
activity is calculated by the formula according to Wong et al.17:

   2 2
1

Inhibitory zone area mm Well area mm
AUmL¯

Volume of sample (mL)




Effect of adding crude bacteriocins to chicken meat quality:
Bacteriocin with a concentration of 10% (v/b) was sprayed on
all parts of the of 25 g chicken meat and waited for 30 min for
bacteriocin to seep. After that, the chicken meat was
packaged using sterile polypropylene (PP) plastic and was
stored at refrigerator (7EC) and observed every 24 hrs for 6
day. On the other hand, the chicken meat stored at room
temperature (26EC) was observed at 0, 6 and 12 hrs. The
phytochemical (pH and aw) and microbiological (Total Plate
Count and E. coli detection) analysis were conducted to
investigate the quality of meat.

Statistical analysis: All of the experiments in this research
were carried out with two replicates and the results expressed
as Mean±standard deviation (SD). The regression was
performed to observe the increase in the total number of
microbes and E.  coli  during the storage of chicken meat. One-
way ANOVA with Duncan’s test was carried out on
observations of the microbiological quality of chicken meat.

RESULTS

Isolation and characterization of lactic acid bacteria: The
results of Lactic Acid Bacteria (LAB) isolation grown in the
MRSA with 1% (w/v) CaCO3 medium from 2 samples of dadih
showed that 10 bacterial isolates were detected indicated with 

the presence of a clear zone around the bacterial colony. The
10 bacterial isolates obtained were then characterized by the
catalase test and bacterial Gram staining (Table 1).
The bacterial isolate shows a negative catalase test and

Gram-positive bacteria could be assumed as a LAB isolate.
According to the result, there were 7 isolates considered as
LAB, viz. D1, D2, D5, D6, D7, D9 and D10. Furthermore, the
bacteriocin extraction was performed for these isolates.

Antimicrobial activity of crude bacteriocin: This study
evaluated the bacteriocin antimicrobial activity against E.  coli
and Salmonella  sp. After the test using the diffusion method
was conducted, each isolate showed different inhibition of the
test bacteria (Fig. 1).

Fig. 1(a-b): Antimicrobial activity of crude bacteriocin to E. coli
and Salmonella sp. (a) inhibition zone of crude
bacteriocin   against   E.  coli  and Salmonella  sp,
(b) activity unit of bacteriocin against E. coli and
Salmonella  sp.

Table 1: Catalase and gram-test of lactic acid bacteria
Isolates D1 D2 D3 D4 D5 D6 D7 D8 D9 D10
Catalase - - - - - - - - - -
Gram + + - - + + + - + +
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Fig. 2(a-d): (a) pH value of chicken meat during storage at 7EC, (b) 26EC, (c) Affinity water value of chicken meat during storage
at 7EC and (d) 26EC

The results of the bacteriocin antimicrobial activity from
7 isolates showed different results. This might be influenced
by the type of bacterial cell wall or the specific characteristics
of the test bacteria. The bacteriocin from D1 and D10 isolates
was more effective to inhibit Salmonella  sp. than E.  coli. While
isolates D2, D5, D6 and  D7  were  more  effective  in  inhibiting
E.  coli.  D9 isolates showed the same diameter of the inhibition
zone in Salmonella  sp.  and E.  coli.  Inhibition zone diameters
for each isolate showed different results. The size of the
inhibition zone was influenced by several factors including the
level of sensitivity of the test bacteria, the speed of diffusion of
antimicrobial compounds and the concentration of
antimicrobial compounds. The isolate with the D10 code had
a higher activity unit value than other isolates. Therefore, D10
isolates were selected to be further tested to investigate their
effect on the quality of chicken meat.

Effect of adding crude bacteriocins to chicken meat quality
Physicochemical parameters: The pH and aw values of
chicken meat during storage could be seen in Fig. 2.

According to Fig. 2a, the decrease in pH occurred started at
the beginning of storage until the second day. There was an
increase in pH from the second day to the sixth day of storage.
The pH of control was higher than that with the treatment of
bacteriocin addition from the beginning of storage to the sixth
day of storage. While at room temperature (Fig. 2b), it showed
a decrease in pH at 6 hrs of storage, then the pH value
increased until 12 hrs of storage. The initial and final pH value
of chicken meat with the addition of bacteriocin was lower
than the control chicken meat but when the pH decreased at
6 hrs, the pH value of the control chicken meat was lower than
the chicken meat with the addition of bacteriocin treatment.

Figure 2c and d showed the aw value of chicken meat at
two different temperatures. According to Fig. 2, chicken meat
with the addition of bacteriocin treatment gave a lower aw
value than that of the control in both cold and room
temperature storage. In cold temperature storage, the aw value
of chicken meat with the addition of bacteriocin treatment
showed a more stable value than that of the control of chicken
meat.
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Fig. 3(a-d): (a) Total plate count of chicken meat during storage at 7EC, (b) 26EC, (c) Total E. coli  of chicken meat during storage
at 7EC and (d) 26EC
*6th day control shown too numerous to count/TNTC colonies

Microbiological parameters: Total microbes and E. coli in
chicken meat were shown in Fig. 3.  According  to  the results
of the TPC showed that  the  total  microbial number of
chicken meat treated with bacteriocin was  lower  than  that 
of control. In chicken meat  at  the   beginning   of   the
addition of  bacteriocin  showed  a  total  microbial  value of
5.00±0.000 log CFU gG1 and an increase in total microbial
approximately up to 2.31 log CFU gG1 for 6 days stored at cold
temperatures. Moreover, an increase in total microbes was by
1.22 log CFU gG1 during 12 hrs of storage at room temperature.

While a total microbe of the control chicken meat before
storage showed was 7.43±0.06 log CFU gG1. The total microbe
number for the sample stored at the cool temperature on the
6th day was too numerous to be counted but the total
microbes for the sample stored at room temperature rose to
8.97±0.025 log CFU gG1 after 12th hrs of storage.

Based on observations of TPC in cold storage (Fig. 3a),  the
total  microbes   in   chicken   meat   treated  with  bacteriocin
showed a significant increase starting on day 4, while in
control chicken meat showed a significant increase starting on
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day 3. At room temperature storage (Fig. 3b), total microbes in
chicken meat treated with bacteriocin showed a significant
increase at 12 hrs, while in control chicken meat showed a
significant increase starting at 6 hrs of storage.

Total E. coli in cold storage (Fig. 3c) did not show a
significant increase in chicken meat that was added by
bacteriocin while in control chicken meat showed  a
significant increase starting on the 2nd day of storage. At
room temperature storage (Fig. 3d), chicken meat with the
addition of bacteriocin treatment showed a significant
increase  at  6  hrs then did not show a significant increase at
12 hrs. While the control chicken meat showed a significant
increase at the 6th h and then again showed a significant
increase at the 12th h of storage.

The results showed that the total value of E. coli  in control
chicken meat was higher than that of the sample treated by
bacteriocin. The E. coli  colony for control chicken meat before
storage was 2.08±0.04 log CFU gG1. The increase in total E. coli
occurred for the sample of cold storage on the 6th day and
room  temperature  storage  at  12th  h with the colony
number up to 2.65±0.060 and 3.22±0.035 log CFU gG1,
respectively.  Meanwhile,  chicken  meat  added  by
bacteriocin  before   storage  showed  a  lower  total  value of
E. coli at 1.66±0.180 log CFU gG1, then increased to
2.13±0.175 log CFU gG1 on the 6th day of storage at cold
temperatures. The colony number continued to increase to
2.91±0.025 log CFU gG1 at the 12th h of room temperature
storage.

The results of the regression (Fig. 3a) showed that the
slope value of  control  chicken  meat  (0.5186) was higher
than that of chicken treated with bacteriocin (0.3709). This
indicated that the average increase in the number of
microorganisms in control chicken meat was higher than
chicken meat with the addition of bacteriocin. Bacteriocin
could also inhibit microbial growth in chicken meat stored at
room temperature (Fig. 3b). Where based on the regression
model, the slope value of chicken meat with bacteriocin
treatment (0.12181) was lower than of the control chicken
meat (0.1014).

Bacteriocin could inhibit the growth of E. coli  in chicken
meat stored at cold  temperatures  (Fig.  3c),  where slope
value in chicken meat with bacteriocin treatment was lower
than in control chicken meat. Besides, at room temperature
storage (Fig. 3d) showed that the increase in the average 
number  of  E.  coli  in chicken meat treated with bacteriocin
was higher than the average increase in  control  chicken
meat.

DISCUSSION

“Dadih” is fermented buffalo milk where the fermentation
process involves lactic acid bacteria. Crude bacteriocin (which
one of antimicrobial protein) could be extracted from lactic
acid bacteria. According to this research, a crude bacteriocin
from “Dadih” has antimicrobial activity, so it could be tested to
inhibit the growth of microorganisms in chicken meat.

The selective medium used for isolation of lactic acid
bacteria in this research were MRSA with 1% (w/v) CaCO3. The
alkaline properties of CaCO3 could neutralize and localize the
acids from lactic acid bacteria. The colony shape of the LAB
was typically white circular with an elliptical shape. This LAB
was classified as facultative anaerobic bacteria with clear
zones formed around the colony15. Lactic Acid Bacteria (LAB)
was a group of bacteria that was unable to produce toxins,
was classified as gram-positive bacteria containing low G+C,
non-motile and could ferment sugar into lactic acid. The LAB
had no cytochrome and was facultative anaerobic which could
still grow in the presence of oxygen. In addition, LAB was a
negative catalase, although in some cases this bacteria could
be pseudo-catalase18. Hence, the bacterial isolate showing a
negative catalase test and gram-positive bacteria could be
assumed as a LAB isolate.

According to the results, there were differences in
inhibition zones against E. coli and Salmonella sp. Several
bacteriocins produced by lactic acid bacteria had a limited
spectrum of pathogens in which Gram-positive bacteria had
higher inhibitory performance than Gram-negative bacteria19.
The inhibition zone differences indicated the presence of
several types of bacteriocin with the different characteristics
produced by lactic acid bacteria. The different types of
bacteriocins led to different effectiveness against test bacteria.
Mixtures of bacteriocins with different modes of action could
produce greater inhibition as compared to mixtures of
bacteriocins with the same mode of action20.

Bacteriocin used as preservatives in food can be in the
form of pure bacteriocin, partial purification, or in the form of
cell-free supernatants21. In this study, it used crude
bacteriocins from cell-free supernatants as chicken meat
preservatives. According to the result, at the beginning of
storage, the pH value of chicken meat initially decreased, both
control and the samples with the addition of bacteriocin
treatment in both cold and room temperature storage. The
decline in pH value depicted the formation of organic acids,
which originate from tissue glycolysis after the death of
chickens22. The increase in pH observed  during  testing
showed the level of meat damage because of protein
breakdown and free amino acid production which led to the
formation of alkaline compounds such as NH3 and amines23.
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The result of aw value showed that chicken meat with the
addition of bacteriocin treatment had a lower aw value than
that of control. Water is a dipolar molecule, so water can be
attracted to charged species such as proteins. Some of the
water in muscle cells is bound to protein24. In meat products,
there is the ability to bind water by protein. Proteins that are
damaged by proteolytic bacteria caused the decrease in the
ability to bind water so that in meat an increase in free water
causes aw to increase. The addition of preservatives tends to
reduce water activity. Based on the results of observations on
aw parameters showed that chicken meat with the addition of
bacteriocin treatment has a lower aw value compared to
control chicken meat. In general, bacteria would be more
difficult to grow on materials with lower aw. So that the shelf
life of the product added by bacteriocin  would increase due
to the antimicrobial activity of bacteriocin in addition to
inhibiting the growth of spoilage and pathogenic bacteria
could also inhibit the growth of  proteolytic bacteria,
therefore, aw could be maintained at lower values. According
to Arief et al.25, the addition of bacteriocin to meatballs stored
in cold temperatures could reduce the value of aw until the
third day of storage.

Based on observations of the quality of microorganisms,
showed an increase in the total number of microbes both in
TPC and in the total number of E. coli in the control sample
showed a more significant increase than chicken meat with
the addition of bacteriocin treatment both at storage at room
temperature and at cold storage.

According to Pateiro et al.26 and Badan Standardisasi
Nasional27, the total microbial limit recommended was around
6 log CFU gG1 or 1×106. The result showed that chicken meat
treated with bacteriocin gave the lower total microbial
number than that of controls. This could be caused by
bacteriocin that became bactericidal towards some microbes
so that the total number of microbes is lower. Besides, the
addition of bacteriocin showed a slower increase in total
microbes and could maintain the quality of chicken meat until
the 3rd day in the refrigerator storage. In the same way, the
storage at room temperature showed that the number of
microbes in chickens which were treated with bacteriocin
addition was lower than the control and still within the
standard limit until the 6th h of storage.

The maximum limit of  E.  coli   contamination according
to   Badan   Standardisasi   Nasional27   was   1×101   CFU   gG1

(1 log CFU gG1). The results of this study for the total E. coli  test
on chicken meat with the addition of bacteriocin also showed
lower numbers as compared to controls both for the storage

at the refrigerator  and  room  temperature.  However, the
total amount of E. coli exceeded the standard limit in both
treatments. The  bacteriocin  added  to  the  chicken was
crude, so the concentration of bacteriocin in the cell-free
supernatants   was   unable   to   be   certainly   determined.
The bacteriostatic effect is directly proportional to the
concentration of antimicrobial substances8. The higher the
concentration of antimicrobial substances was added, the
higher the bacteriostatic effect was.

The addition of bacteriocin was able to reduce the growth
of pathogen bacteria on chicken meat. Our results suggest a
possibility that bacteriocin from “Dadih” to be applied as
chicken meat bio preservative and could be combined with
other preservative methods. Further study can be continued
by conducting molecular identification of the isolated lactic
acid bacteria, as well as purifying the extracted bacteriocin.
The application of bacteriocin to food can be combined with
other antimicrobial or with other preservation techniques.

CONCLUSION

In this study, 10 isolates of lactic acid bacteria isolated
from “dadih” gave the highest antimicrobial activity in which
the inhibition zone diameter of Escherichia coli  (D7) and
Salmonella sp. (D10) was 11, 75 and 12 mm, respectively.
Bacteriocin test of chicken meat showed that the pH and aw
values were lower both in cold and room temperature than
the chicken meat added with bacteriocin. The treatment by
adding bacteriocin had more stable aw and pH. Moreover, the
addition of bacteriocin showed a slower increase in total
microbes and total E. coli. The application of bacteriocin to
chicken meat could inhibit total microbial growth and be still
below standard until the 3rd day in the refrigerator storage
and the 6th h of storage at room temperature.

SIGNIFICANCE STATEMENT

This study discovers the possible antimicrobial effect of
bacteriocin indigenous  from  lactic  acid  bacteria isolated
from “Dadih” that can be beneficial for alternative
preservatives in chicken meat and other food. This study will
help the researcher to uncover the novel bacteriocin from
lactic  acid  bacteria indigenous  isolated  from “Dadih”
through characterizing physicochemical properties and
abilities as antimicrobials. Thus, a new finding on this
indigenous bacteriocin has potency as natural preservatives
especially for application on chicken meat.

1578



Pak. J. Biol. Sci., 23 (12): 1572-1580, 2020

ACKNOWLEDGMENTS

This work was supported by the Padjadjaran University
Academic Leadership Grant scheme with grant number
54/UN6.RKT/Kep/HK/2020 from the Ministry of Research,
Technology and Higher Education, Indonesia.

REFERENCES

1. Khan, H., S. Flint and P.L. Yu, 2010. Enterocins in food
preservation. Int. J. Food Microbiol., 141: 1-10.

2. Khochamit,    N.,      S.      Siripornadulsil,      P.       Sukon    and
W. Siripornadulsil, 2015. Antibacterial activity and
genotypic‒phenotypic characteristics of bacteriocin-
producing Bacillus subtilis KKU213: Potential as a probiotic
strain. Microbiol. Res., 170: 36-50.

3. Javaherzadeh, R., A.S.T. Bafroee and A. Kanjari, 2020.
Preservation effect of Polylophium  involucratum  essential oil
incorporated poly lactic acid/ nanochitosan composite film
on shelf life and sensory properties of chicken fillets at
refrigeration temperature. LWT - Food Sci. Technol.,
10.1016/j.lwt.2019.108783 

4. Garneau, S., N.I. Martin and J.C. Vederas, 2002. Two-peptide
bacteriocins  produced  by  lactic  acid  bacteria.  Biochimie,
84: 577-592.

5. Kassaa,   I.A.L.,    R.    Rafei,    M.    Moukhtar,    M.   Zaylaa  and
A. Gharsallaoui et al., 2019. LABiocin database: A new
database designed specifically for lactic acid bacteria
bacteriocins. Int. J. Antimicrob. Agents, 54: 771-779.

6. Acuña, L., G. Picariello, F. Sesma, R.D. Morero and A. Bellomio,
2012. A new hybrid bacteriocin, Ent35-MccV, displays
antimicrobial activity against pathogenic Gram-positive and
Gram-negative bacteria. FEBS Open Bio., 2: 12-19.

7. Zou, J., H. Jiang, H. Cheng, J. Fang and G. Huang, 2018.
Strategies for screening, purification and characterization of
bacteriocins. Int. J. Biol. Macromol., 117: 781-789.

8. Duan, X., S. Duan, Q. Wang, R. Ji, Y. Cao and J. Miao, 2020.
Effects of the natural antimicrobial substance from
Lactobacillus paracasei FX-6 on shelf life and microbial
composition in chicken breast during refrigerated storage.
Food Control, 10.1016/j.foodcont.2019.106906 

9. Kaya, H.I. and O. Simsek, 2020. Characterization of pathogen-
specific bacteriocins from lactic acid bacteria and their
application within cocktail against pathogens in milk. LWT -
Food Sci. Technol., 10.1016/j.lwt.2019.108464 

10. Kumariya, R., A.K. Garsa, Y.S. Rajput, S.K. Sood, N. Akhtar and
S. Patel, 2019. Bacteriocins: Classification, synthesis,
mechanism of action and resistance development in food
spoilage    causing      bacteria.      Microb.      Pathogenesis,
128: 171-177.

11. Cleveland, J., T.J. Montville, I.F. Nes and M.L. Chikindas, 2001.
Bacteriocins: Safe, natural antimicrobials for food
preservation. Int. J. Food Microbiol., 71: 1-20.

12. Maragkoudakis,    P.A.,      K.C.       Mountzouris,      D.   Psyrras,
S. Cremonese, J. Fischer, M.D. Cantor and E. Tsakalidou, 2009.
Functional properties of novel protective lactic acid bacteria
and application in raw chicken meat against Listeria
monocytogenes and Salmonella enteritidis. Int. J. Food
Microbiol., 130: 219-226.

13. Lv, X., H. Ma, M. Sun, Y. Lin, F. Bai, J. Li and B. Zhang, 2018. A
novel bacteriocin DY4-2 produced by Lactobacillus
plantarum from cutlassfish and its application as bio-
preservative for the control of Pseudomonas fluorescens in
fresh turbot (Scophthalmus maximus) fillets. Food Control,
89: 22-31.

14. Fibri, D.L.N. and M.B. Frost, 2019. Consumer perception of
original and modernised traditional foods of Indonesia.
Appetite, 133: 61-69.

15. Sunaryanto, R. and B. Marwoto, 2012. Isolation, identification,
and characterization of lactic acid bacteria from buffet milk.
J. Sains dan Teknol. Indones., 14: 228-233.

16. Kaktcham, P.M., E.M.F. Kouam, M.L.T. Tientcheu, J.B. Temgoua,
C. Wacher, F.Z. Ngoufack and M. De L. Perez-Chabela, 2019.
Nisin-producing Lactococcus lactis subsp. lactis 2MT isolated
from freshwater Nile tilapia in Cameroon: Bacteriocin
screening, characterization, and optimization in a low-cost
medium. LWT - Food Sci. Technol., 107: 272-279.

17. Wong, F.W.F., A.B. Ariff, S. Abbasiliasi and D.C. Stuckey, 2017.
Recovery of a bacteriocin-like inhibitory substance from
Pediococcus acidilactici Kp10 using surfactant precipitation.
Food Chem., 232: 245-252.

18. Swetwiwathana, A. and W. Visessanguan, 2015. Potential of
bacteriocin-producing lactic acid bacteria for safety
improvements of traditional Thai fermented meat and human
health. Meat Sci., 109: 101-105.

19. Hartmann, H.A., T. Wilke and R. Erdmann, 2011. Efficacy of
bacteriocin-containing cell-free culture supernatants from
lactic acid bacteria to control Listeria monocytogenes in food.
Int. J. Food Microbiol., 146: 192-199.

20. Macwana, S. and P.M. Muriana, 2012. Spontaneous
bacteriocin resistance in Listeria monocytogenes as a
susceptibility screen for identifying different mechanisms of
resistance and modes of action by bacteriocins of lactic acid
bacteria. J. Microbiol. Methods, 88: 7-13.

21. Favaro, L. and S.D. Todorov, 2017. Bacteriocinogenic LAB
strains for fermented meat preservation: perspectives,
challenges,   and    limitations.    Probiotics   Antimicro.  Prot.,
9: 444-458.

22. Sun, T., Y. Qin, H. Xu, J. Xie, D. Hu, B. Xue and X. Hua, 2017.
Antibacterial activities and preservative effect of chitosan
oligosaccharide Maillard reaction products on Penaeus
vannamei. Int. J. Biol. Macromol., 105: 764-768.

1579



Pak. J. Biol. Sci., 23 (12): 1572-1580, 2020

23. Braiek, O.B., S. Smaoui, K. Ennouri, S. Morandi, P. Cremonesi,
K. Hani and T. Ghrairi, 2019. RAPD-PCR characterisation of two
Enterococcus lactis strains and their potential on Listeria
monocytogenes growth behaviour in stored chicken breast
meats:  Generalised  linear  mixed-effects approaches. LWT,
99: 244-253.

24. Huff-Lonergan, E. and S.M. Lonergan, 2005. Mechanisms of
water-holding capacity of meat: The role of postmortem
biochemical and structural changes. Meat Sci., 71: 194-204.

25. Arief,   I.I.,    B.S.L.    Jenie,    T.    Suryati,   G.   Ayuningtyas  and
A. Fuziawan, 2012. Antimicrobial activity of bacteriocin from
indigenous Lactobacillus plantarum 2C12 and its application
on beef meatball as biopreservative. J. Indonesian Trop. Anim.
Agric., 37: 90-96.

26. Pateiro,  M.,  F.C.  Vargas,  A.A.I.A.   Chincha,   A.S.S.   Ana  and
I. Strozzi et al., 2018. Guarana seed extracts as a useful
strategy to extend the shelf life of pork patties: UHPLC-
ESI/QTOF phenolic profile and impact on microbial
inactivation, lipid and protein oxidation and antioxidant
capacity. Food Res. Int., 114: 55-63.

27. Badan, B., 2009. Carcass and Beef Quality. Indonesian National
Standards, Indonesia, Pages: 20.

1580


