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ABSTRACT

In this study, the bacteriocin nisin at varius concentrations (50, 100 and 200 IU/ml) was studied as a bio-
preservative to extend the shelf life of pasteurized milk. A minimum of one week extension in shelf life was
obtained for pasteurized milk at refrigerator temperature storage. Higher concentration of nisin (200 1U/ml)
showed no different effect than the lower one. The effect of nisin added on microbiological quality (standard
plate count (SPC), psychrotrphs, proteolytic and thermophilic counts) of pasteurized milk studied and showed
significant decrease in all of them than control samples (free from nisin). Also, nisin reduced the development of
acidity so extend the shelf life of examined samples. The antibacterial effect of nisin studied on Staphylococcus
aureus (Staph. aureus) inoculated in pasteurized milk and the result clarified complete inhibition of Staph.
aureus at 6™ day. Palatability of addition of different concentrations of nisin was also discussed. Nisin had the
ability to control the spoilage bacteria so could be control the acidity of products and have antibacterial effect
against pathogenic bacteria so act as a principal, safe and natural preservative for pasteurized milk.

Key words: Nisin; Biopreservative; Staph. aureus; Pasteurized milk; Psychrotrophs; Thermophilic and
Proteolytic bacteria.

INTRODUCTION (Kindrachuk etal., 2012 and Gharsallaoui et al.,
2016). The commercial nisin has been recognized as
Pasteurization is the simplest means of a safe food preservative by the joint Food and
extending the keeping quality of milk without Agriculture  Organisation and World  Health
impairing the sensory and nutritional attributes. Organisation (FAO/WHO) and in 1988 by the US
However, there is a requirement to further extend the Food and Drug Administration (FDA) (FDA /HHS,
shelf life of pasteurized milk for the convenience of 1988 and Thomas et al., 2000) and it permitted and
the consumers and to provide additional protection widely used in the food industry as a safe and
against temperature variations during transportation natural food preservative in over 50 countries around
and storage. Utilization of Bacteriocins alone, or the world (Pimentel-Filho et al., 2014).

combined with other treatments, could represent a
promising advance for the microbiological safety

and maintenance of sensory properties in milk and N|s_|n_ ha§ more than one mechanisms of
milk products (Lopez and Belloso, 2008). antimicrobial action depending on several factors

Exploitation of bacteriocin such as nisin as a bio sucr_1 as strqctyral ProperFie.S of target bacteria a_nd
preservative is a newer approach to achieve exhibits antlm[croblal activity against many species
extended shelf life in regions with inadequate of G_ra_m positive pathogens. respon5|t_)le for bovm_e
refrigeration facilities (Radha, 2014). mastitis but not Gram negative bacte_rla due to Fhelr

outer membrane barriers. Antibacterial mechanisms
of nisin may be due to passage through cell wall and
interaction with lipid 11 (Wiedemann et al., 2004 and
Kramer et al., 2008). In addition, both nisin A (and
its natural variant nisin Z) have been incorporated
into a number of products devoted to restricting or
treating bovine mastitis (Sears et al., 1992 and Wu et
al., 2007). Notably, in addition to being effective
against planktonic cells of multi-drug resistant
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E-mail address: sch_gana@yahoo.com et al., 2013),
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Nisin is a bacteriocin or natural antibacterial peptide
with 34 amino acid residues produced by the
bacterium Lactococcus lactis that is used as a food
preservative for dairy and meat products. Nisin
inhibits pathogenic food borne bacteria and many
other Gram-positive food spoilage microorganisms
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Staph. aureus, an opportunistic pathogen, is the
leading cause of a broad range of human infections
and associated with food poisoning (Argudin et al.,
2010). It is a growing concern worldwide and is of
concern in terms of both foodborne disease and food
spoilage (Loir et al., 2003).

So, the present study will investigate the effect of
Nisin as a bio preservative on keeping quality of
pasteurized milk which manipulated in Assiut city,
Egypt. Also, clarifying the antibacterial activity of
nisin on Staph. aureus.

MATERIALS AND METHODS

1-Concentrations of nisin in pasteurized milk:
Forty pasteurized milk samples was purchased from
a retail market and examined by phosphatase test to
confirm the efficacy of pasteurization (Fasken and
McClure, 1940) then treated with different
concentrations of nisin (0, 50, 100 and 200 IU/ml)
divided into 10 samples for each. The samples were
stored at refrigerator temperature (4+2 °C) and
examined bacteriologically every 3days and
examined for pH by PH meter and clot on boiling
test for freshness detection (Wirjantoro and Lewis,
1996 and Radha, 2014).

2- Microbiological analysis:
All samples examined for:

Total bacterial counts: was done according to
APHA, (1998).

Total psychrotrophic count: was done according to
Sharma et al. (2007).

Enumeration of total thermophiles:

One ml of the sample and its decimal dilutions was
plated using milk plate count agar (MPCA) and
incubated at 55°C for 48 h as described by Frank and
Yousef (2004).

Total Proteolytic counts: adopted according to
APHA, (1992).

3 - Bacterial suspension inoculation:

Reference strain of Staph. aureus was used
(reference strain from Animal Health Research
Institute, Giza with code NCTC 7447 | ATCC
6538). Staph. aureus was grown in Tryptic Soy
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Broth for 24-48h at 37 °C. Then the suspension was
adjusted to the turbidity of a 0.5 McFarland standard
by adding sterile saline to achieve a strain
concentration of approximately 1x10° colony
forming units /ml (Gentilini et al., 2000 and
Bennett and Lancette, 2016).

4 - Antibacterial properties of nisin:

Pasteurized milk was purchased from a retail
market. One ml of previously prepared Staph.
aureus suspension mixed with 100 ml of pasteurized
milk and divided into suitable sterile jars, nisin was
add at concentrations 50, 100 and 200 IU/ml and
another positive control jars without nisin (Radha,
2014). Control jars (free from strain suspension and
nisin as a negative control) was also stored. The jars
were stored at refrigerator temperature (512 °C). The
inoculated jars were examined bacteriologically for
the count of Staph. aureus using Baird-Parker media
at time zero and, every 3 days until the end of
experiment and detected by the pH was measured in
the control jars by using pH meter and clot on
boiling test. (Prado-Acosta et al., 2010).

5 - Sensory evaluation:-

Control pasteurized milk jars (free from the previous
microorganism but inoculated with nisin at
concentrations of 50, 100 and 200 IU/mlI,
respectively) were prepared as previously mentioned
and each was subjected to the previous treatments.
Thirty consumers were selected in teams of different
ages, sex (15 females and 15 males), and education
to taste the trials. The perception of consumers
toward samples with various conc. of nisin was
studied with respect to two different attributes
(flavor and palatability) (Radha, 2014). The level of
agreement was scored as strongly agree (SA), agree
(A), disagree (D), and strongly disagree (SD)
according to Nelson and Torut (1981).

6 - Statistical analysis:-

Sensory evaluation was compared by entered the
data into the Microsoft Excel Spreadsheet. Data
obtained in this study were analyzed by using one
and two way classification analysis of variance test
to study the preservative effect of nisin on
pasteurized milk samples. Mean and standard error
were estimated for each parameter and ANOVA test
for detection significant or not results in comparing
with control results. P values lower than 0.05 were
considered significant.
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RESULTS

Table 1: Effect of incorporation of different concentrations of Nisin on the Clot on boiling test of pasteurized
milk stored at 4 °C.

Storage period on Nisin concentration 1U/ml
days

Control 50 100 200
0 -ve -ve -ve -ve
3 -ve -ve -ve -ve
6 -ve -ve -ve -ve
9 -ve -ve -ve -ve
12 +ve -ve -ve -ve
15 +ve -ve -ve -ve

Table 2: Effect of incorporation of different concentrations of Nisin on the pH of pasteurized milk stored at 4°C.

Storage period on Nisin concentration 1U/ml
days
Control 50 100 200

0 6.31+0.08 6.26 +0.08 6.31+0.08 6.31+0.08
3 6.01+0.08 6.16+0.08 6.35+0.08 6.32+0.07
6 5.90+0.08 6.05+0.08 6.32+0.08 6.37+0.07
9 5.3+0.09 6.14+0.08 6.24+0.08 6.40+0.07
12 4.10+0.09 5.93+0.07 5.55+0.06 5.26+0.07
15 3.51+0.09 5.10+0.06 5.25+0.06 5.11+0.07

Means £SE are averages of Ten replications
significant: P < 0.05

Table 3: Effect of incorporation of different concentrations of Nisin on the Standard plate count (SPC) of
pasteurized milk stored at 4 °C.

Storage Nisin concentration 1U/ml

period on

days Control 50 100 200
Standard plate count CFU /ml

0 7.15 x102+3.8x10 7.10 x10%+5.9x10 6.53 x10%+5.1x10 6.53 x102+5.9x10

3 9.55x10%+1.1x10? 8.2x10%+5.1x10 5.54x10%+3.9x10 5.11x10%+3.7x10*

6 2.05x10%+2.2x102 8.43x10%42.3x10*** 4.40x10%44.3x10***  4.64x10%+2.0x10***

9 1.14x10%+3.9x10? 7.72x10%45.6x10** 3.24x10%48.4x10**  2.52x10%+3.9x10**

12 NT 6.72x10%+4.6x10 5.15x10+3.4x10 5.52x10+1.8x10

15 NT 5.62x10£2.3x10 3.21x10+1.4x10 3.32x1040.47x10

NT: not tested *significant **moderate significant ***highly significant

Means +SE of Ten replications significant: P < 0.05

*P value for tested concentrations of nisin in comparison with control was < 0.0001
18
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Table 4: Effect of incorporation of different concentrations of Nisin on the Psychrotrophs count of pasteurized

milk stored at 4 °C.

Sto!’age Nisin concentration 1U/ml
gﬁrég?/s Control 50 100 200

Count CFU/ml
0 6.25x10%+3.09x10? 6.05x10%+3.09x10? 6.43x10%£3.09x10°  6.30x10%+3.09x102
3 2.38x10%+4.6x102 5.68x10%+3.1x10? 9.7x10+4.2x10* 3.9x10£1.5x10*
6 2.52x10%+4.8x10? 5.21x10%+1.6x10? 8.2x10+3.6x10** 3.2x10+1.3x10**
9 4.2x10%+3.2x10? 2.3x10+1.8x10 1.9x10+0.9x10 1.1x10+0.6x10
12 NT 00 00 00
15 NT 00 00 00

NT: not tested *significant
Means £SE of Ten replications

**moderate significant
significant: P <0.05

***highly significant

*P value for tested concentrations of nisin in comparison with control was < 0.0001

Table 5: Effect of incorporation of different concentrations of Nisin on the Proteolytic count of pasteurized milk

stored at 4 °C.

Sto_rage Nisin concentration 1U/ml
e Control 50 100 200
Count CFU/mlI

0 8.33x10%+4.4x10? 7.73x10%+4.1x10? 7.85x10%+4.2x10? 7.57x10%+4.2x10?
3 8.69x10%+4.5x10? 5.35x10%+2.8x10? 5.48x10%+3.1x10? 3.16x10%+1.8x10?
6 1.0x103%+5.1x10? 3.84x10%+2.1x102 3.0x10%+1.7x10? 2.01x10%+1.3x10?
9 3.22x10%45.2x102 7.56x10+3.6x10 5.23x10+2.4x10 4.02x10+1.6x10
12 NT 3.54x10+1.2x10 1.5x10+0.8x10 00

15 NT 00 00 00

NT: not tested
Means +SE of Ten replications

significant: P < 0.05

Table 6: Effect of incorporation of different concentrations of Nisin on the Thermophilic count of pasteurized

milk stored at 4 °C.

Storage Nisin concentration 1U/ml

gﬁr(;‘;‘;s Control 50 100 200
Count CFU/ml

0 3.1 x10%+1.4x10? 2.9x10%+1.4x102 3.1x10%+1.8x10? 3.30x10%+1.3x10?

3 6.0 x10%+1.6x102 2.4 x10%+8.9x10 2.8 x10%+£7.6x10 3.0 x10%+1.4x102

6 5.4 x10%+1.1x10? 1.3 x10%+7.4x10 2.4 x10+0.4x10 7.1 x10+5.4x10

9 3.9 x10%+0.94x10 00 00 00

12 NT 00 00 00

15 NT 00 00 00

NT: not tested
Means +SE of Ten replications

significant: P < 0.05
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Antibacterial effect of Nisin on inoculated
Staph.aureus in pasteurized milk
1.00E+05
9.00E+04
— 8.00E+04 \\\\
£ 7.00E+04 \
2 6.00E+04 \ \ +— Positive control
O 5.00E+04 \ \
t 4.00E+04 \ N\ =—50 IU/ml Nisin
© 2.00E+04 100 IU/ml Nisin
1.00E+04 \ AN
0.00E+00 e A ——2001U/mINisin
zero time  3rd day 6th day 9th day
Period by days
Fig. 1: Antibacterial activity of Nisin on Staph.aureus inoculated in pasteurized milk
palatability
N SA
70 7 HA
60 A D
% of perception 50 =SD
of consumers 40 -
30 1
20 A
10 A
0
negative 501U/ml 1001U/ml 200 1U/ml
control Nisin Nisin Nisin
concentrations of Nisin
Fig. 2: Palatability of different concentrations of Nisin in pasteurized milk
* strongly agree (SA), agree (A), disagree (D), and strongly disagree (SD)
DISCUSSION table 1 shown that the control samples deteriorated

The present study evaluates the efficacy of the nisin
at 50, 100 and 200 1U/ml concentrations in extend
the shelf life of pasteurized milk through controlling
spoilage bacteria and also, study it's antibacterial
activity on Staph. aureus. To carry out this work, we
have evaluated the microbial status and pH of
pasteurized milk stored at refrigerator temperature.
Also, All the pasteurized milk samples showed
negative phosphatase test.

The keeping quality of controlled and nisin added
pasteurized milk evaluated by clot on boiling test in

20

at 9" day while, nisin added samples continued until
16" day irrespective of the level of nisin added.
Also, in table 2, the mean pH of control samples
decreased until reached to 3.51+0.09 on 15" day
while, in nisin added samples slowly decrease in pH
during storage. However, increasing in nisin
concentration had no significant effect on pH in
comparison with control ones. An earlier spoilage in
control samples could be attributed to the high
developed acidity caused by the multiplication of
lactic acid bacteria (LAB). In nisin added samples,
nisin prevented the multiplication of lactic acid
bacteria and thereby delayed the development of
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acidity and prolonged the shelf life (Radha, 2014
and Sarkar, 2016).

Milk is commonly heated to provide stability during
storage and assure microbiological safety to
consumers. From a hurdle approach, nisin is known
to influence the thermal resistance  of
microorganisms (Penna and Moraes, 2002). Sherif
et al. (1994), Olasupo et al. (1996) and Khurana and
Kanawjia, (2006) found that gradual decrease in
TPC and LAB count for thermized samples added
with nisin, they decreased by more than one log
cycle and after that there was a gradual decrease in
the lactic count of all the samples.

As shown in table 3 nisin reduced the SPC with
highly significant effect at 6" day reached to
8.43x10%+2.3x10, 4.40x10%+4.3x10 and
4.64x10%+2.0x10 for 50, 100 and 200 IU/ml nisin
concentrations respectively, while, the mean SPC of
control samples was 7.15 x102+3.8x10 on zero day
and increased progressively during storage and
reached to 1.14x10%+3.9x10° at 9" day then samples
deteriorated. Wirjantoro et al. (2001) reported no
microbial growth in milk treated simultaneously
with nisin (75-150 1U/ mL) and heat (117 °C for 2 s)
after storage at 10 or 20 °C for 1 year. They have
also observed that milk treated in this way was
easily distinguishable and preferred to a UHT heated
control in sensory analysis trials. Plockova et al.
(1996) said that addition of nisin at 100 or 500
mg/kg suppressed total plate and anaerobic spore
counts in processed cheese during 3 months of
storage at 5 or 21 °C, and even the growth of
Bacillus stearothermophilus, Bacillus cereus and
Bacillus subtilis were inhibited by 5mg/kg nisin.
Also, Wirjantoro and Lewis, (1996) recorded that
Log SPC values in the control pasteurized milk
samples were increased during storage exceeded
than 6.5 cfu/ml until the samples had spoilt by 14
day. In contrast, the log SPC values in the nisin
containing samples remained relatively stable
through day 20. The samples containing 40 and 50
IU/ ml nisin yielded log SPC values of less than 5 at
41 days and had not spoiled by this criterion.

The spoilage bacteria may found to survive after
pasteurization, and most of them had the ability to
grow under refrigeration storage. So, there is
requirement for an effective food preservative for
controlling spoilage bacteria in pasteurized milk as
nisin (Mitra et al., 2011). Nisin is a heat-stable,
cationic, 34-residue polycyclic antibacterial peptide
which kills a wide range of spoilage and pathogenic
bacteria as it's safe and natural preservative (Schmidt
et al., 2009). Table 4 clarified that nisin added
samples had highly significant effect on reduce
psychrotrophs than control ones specially at 61" day.
The mean of psychrotrophs at 6% day were
2.52x10%+4.8x102,  5.21x10%t1.6x10?,  8.2x10+
3.6x10 and 3.2x10+1.3x10 for control, 50, 100 and
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200 IU concentrations of nisin, respectively and
cannot detected at 12™ day for nisin added samples.
While, in table 5, the Proteolytic count were
8.33x10%+4.4x10% for control samples at zero day
and decreased for nisin added samples at 9" day
7.56x10£3.6x10, 5.23x10+2.4x10 and 4.02x10+
1.6x10 for 50,100 and 200 IU concentrations of
nisin, respectively until disappeared at 12™ day for
200 I1U/ml but control samples were 3.22x10%t
5.2x10? then samples deteriorated. Similar results
recorded by Thomas et al., (2000); Kuwano et al.
(2005); Mitra et al. (2011) and Ferrocino et al.
(2016) but higher result detected by Lee et al. (2015)
who can't detect pschrotrophs and proteolytic
activity in beef jerky at 2™ day at 100 I1U/ml
concentration of nisin and no major change in
control  samples. Nisin was reported as
biopreservative against psychrotrophs in cook-chill
foods of soybean sprout, cooked rice, and milk
(Vessoni et al., 2002 and Kim et al., 2008). The
nisin can decrease the initial cell count of mesophilic
bacteria and B.cereus in beef jerky. It's could be an
effective approach to extend the shelf life, and
improve the microbial safety of beef jerky, during
storage (Lee et al., 2015).

Thermophilic count detected at zero time at mean
3.1x10%+1.4x10% nearly for all samples (table 6)
until 9™ day reached to 3.9 x10%+0.94x10 for control
samples but can't detected in nisin added samples.
The pasteurized milk with nisin was superior in
flavour, with no off-flavours within 32 days. Also,
no microbial growth could be detected in milk
treated simultaneously with nisin (75-150 1U/mL)
and after storage at 10 or 20 °C for 1 year and,
moreover, milk treated in this way was easily
distinguishable and preferred to a UHT-heated
control in sensory analysis trials (Wirjantoro et al.,
2001). The thermophiles are particularly sensitive to
nisin, with spores being more sensitive to nisin than
vegetative cells. Such an antimicrobial spectrum has
resulted in nisin being used as a commercial
preservative in products which by their nature
cannot be fully sterilized but only pasteurized during
their production (Delves-Broughton et al., 1996).

The inhibition of spoilage bacteria and prevention of
their regrowth with the nisin helped to extend the
shelf life of pasteurized milk by at least 2 months
during storage at 8°C. From the overall findings, it is
concluded that the nisin has the potential for use as a
backup  preservative to  counteract  post-
pasteurization contamination in both skim milk and
fat milk (Mitra et al., 2011). Consequently, the use
of nisin in combination with those heat treatments
milk products extended the shelf life of milk, even
with poor refrigeration conditions, making possible
the substitution of the current thermal treatment for
milder treatments and, consequently, better sensory
quality (Sobrino-Lo'pez and Marti'n-Belloso, 2008).
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Staph. aureus is the leading cause of a broad range
of human infections and associated with food
poisoning worldwide. Also, the increasing problem
of bacterial resistance to antimicrobials represents
the main factor justifying the need to find and
develop new antimicrobial agents. Therefore, many
researches have focused on naturally derived
antimicrobial agents and their characterization
(Ozdemir, 2009 and Sudjana et al., 2009). Nisin has
been widely used in food industry due to its high
potency against certain Gram-positive bacteria,
including Staph. aureus (Zhao et al., 2014). Fig. 1
shown complete inhibition of Staph. aureus in nisin
added samples at 61 day while, in control samples
Staph. aureus could be detected until 9 day in mean
count 5x10. This result in agreement with Cotter
et al. (2005); Chalier et al. (2009) and Pinto et al.
(2009). While, Dosler and Gerceker, (2012) and Shi
et al. (2017) recorded 16 to 32 pg/mL of nisin
concentration could be inhibit Staph.aureus within
24h. in pasteurized milk. Pinto et al. (2011) studied
that nisin could be inhibit Staph. aureus at
concentration 100-500 1U/ml in milk. Nisin can be
considered as a natural preservative and is widely
used by the food industry and had strong
antibacterial activities against Staph. aureus (Shi et
al., 2017).

Effect of incorporation of different levels of nisin on
palatability scores of pasteurized milk is presented in
the fig.2. 65% of consumers were strongly agree to
addition 50 1U/ml of nisin, while 40% for 1001U/ml
and only 20% for 2001U/ml of nisin concentration.
These results were agreement with Abdul Hussain
et al. (2014); Radha, (2014) and Olasupo et al.
(1996) who reported that a Nigerian fermented milk
product had acceptable sensory scores till 25" day of
its storage when added with nisin at 400 1U/ml.
Also, Sobrino-Lo'pez and Marti'n-Belloso, (2008)
said that the thermal treatments are known to cause
undesirable changes in the sensory, nutritional
and/or technological properties of milk. Taking
advantage of the antimicrobial action of nisin against
several spoilage and pathogenic microorganisms,
innovative non-thermal food preservation offer the
inactivation of microorganisms with minimal impact
on quality and nutritional factors.

From the overall findings reported in this study, it is
concluded that the nisin has the potential for use as a
bio-preservative to counteract post-pasteurization
contamination in pasteurized milk.
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