Assiut Vet. Med. J. Vol. 55 Ne. 121 April 2009

Dept. of Food Hygiene,
Faculty of Vet. Med., Assiut University.

EFFECT OF NISIN AND CINNAMON ON THE
GROWTH AND SURVIVAL OF ENTEROTOXIGENIC
METHICILLIN-RESISTANT STAPH. AUREUS IN

STERILE MILK AND ICE CREAM
(With 4 Figures)

By
S. NASR; NAGAH M. SAAD and RANIA M. EWIDA
(Received at 19/3/2009)

R g2 ghinl sSall Gug Sae sl g gal o AB AN 5 Cpaeandll 0
i S ¥l g alnal) Gl B Crlluciuall o glial g o gandl il

4y e daaa Lif ) ¢ e dada plad ¢ i Cpdl dow

oSl sai e (JafsangYee Vo) Gpall e ddbiae <l 3K 5 05 Al o
ol e (B Osiaadl Colluafipell aglidly asendl el oAl go gl sSall
e e lase alle & oMy g Saall o (dof Y+ X)) Ll Cliaall s Llens Aafedll
(°Y£€) Axdlly (VY +) Adall 5 s clapy die Gliall Glids Cus KA1 G
o Al cjiud a8y Aol b pde (A8 S5 jdle Al dey Sluall Gand S5 N
e.—.\gelch_IJ‘)S:\As‘b.hg\sd‘.;cu‘jj&‘u}&w‘WBJ*)ﬂ\&)AJM‘ﬁS_ﬁui
Aol 97 ey dlie A ol Lain (defsaas Yoo) S5l Bdela VY a g Sl (e
('J-);&” ailad) L;h‘_} :#A_)i.]\ BUBES :-\A‘)AGAJ_.)JA..\H e (&/’5.};3\~~) ‘):\S‘)ﬂ‘ GA
580 e g AaDN 5 a Aaa (8 A e Aol Y€ gEA axp g Saall Je Al
4l il Al e o Ly Aol caladl Sy e il e (dafsaagY e oVl
SRl s Oalliafiall o gliall aadl (gagliell S sSall CagSadl o Y001 50V Gy
Vi~ dnaad Cila o Gt ledida &5 Al g Llens atiaall s S Ga¥l Clie (4 o sanll
A Bl g Sl SeY) aslls aaiaill day 3 dle Ciliall Gasd & Ay ¢OY VA= 5
ui Ls'“ Al _all Cuadds G..\A.ﬂ\ sagtimll Sl g Saa 2al @.\‘..u-l £ 324l L_:\C_)..\.u‘
s it 8 S e Lagd G %0, T SN me SPYEVAS daadll B s Aa 00

AN el g gl axy Al e Qs al Al e g Sl

SUMMARY

The effect of nisin on the survival of enterotoxingenic methicillin-
resistant Staph. aureus (MRSA) was evaluated using different
concentrations of nisin (0.00, 100 and 200 [U/ml) in a laboratory
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prepared sterile milk and inoculated with the previously isolated and
identified MRSA to yield a concentration of 1x10’ cfwml. The
inoculated sterile milks were kept at room temperature (20+2°C) and
refrigerator temperature (4+2°C). MRSA counts were determined using
Oxacillin Resistance Screen Agar Base (ORSAB) supplement with two
antibiotics-oxacillin at (2 mg/L) and polymyxin B (50.000 IU/L).
ORSAB and pH value were determined every twelve hours. MRSA
strains couldn't be detected after 96 and 72 h in the samples of sterile
milk containing nisin in concentrations of 100 and 200 IU/ml, while, in
the control sampte the MRSA survived till the end of the 96 h of sterage
at room temperature. Moreover, MRSA failed to be detected after 48 and
24 h in the samples of sterile milk containing nisin in concentrations of
100 and 200 IU/ml and storaed at refrigerator temperature, respectively.
lce cream was prepared at the laboratory to study the effect of ground
cinnamon in concentrations of 0.3 and 0.6% on the growth and survival
of enterotoxingenic MRSA a concentration of 2x10’ cfu/ml at freezing
(-4£2°C) and deep freezing (-18:£2°C) temperatures. The obtained results
showed that the advantage of using 0.6% is better than using of 0.3% of
ground cinnamon.

Key words: Enterotoxigenic MRSA, milk, nisin, ice cream, cinnamon.

INTRODUCTION

MRSA infections are of the global health issues due to the
severity of the illnesses that may occur. The roles and the sources of
food contamination are still unclear since only few reports on the
presence and possible origin of MRSA in foods are available. In his
analysis of specimens from food-producing animals, including milk,
Lee (2003) found 15 strains harbouring the mecA gene and most of
the MRSA isolates were from milk. He concluded that contaminated
foods of animal origin may represent a source of MRSA infection for
humans. Kitai et al. (2005) suggested that food handlers were the
source of contamination. This finding emphasized the role of humans
as an important reservoir of MRSA. In the two foodborne acquired
MRSA outbreaks, food handlers carrying the epidemic strains in their
nostrils were identified to be the source of contamination of the
incriminated food (Kluytmans ef a/., 1995 and Jones e/ af., 2002).

Food additive is a substance or mixture of substances, other than
the basic food stuff, which are present in food as a result of any aspect of
production, processing, storage, or packaging. Consequently,
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biopreservatives and natural preservatives are needed which posses
antimicrobial activity and cause no problems to the handlers and
consumers. In this respect, nisin and cinnamon were tested for their
inhibitory activity towards the growth of some microorganisms and used
as foed additives. ‘

Nisin is a natural antimicrobial peptide of 34 amino acids
produced by Lactococcus lactis subsp. lactis (Carr et al., 2002). The
peptide is suggested to be effective against a wide range cof Gram
positive bacteria including Staph. aureus (Narasimhan et al, 1988 and
Chot er af, 2000). In the U.S., nisin was confirmed to be "generally
recognized as safe” in 1988 (F.D.A., 1988). Because of its high
antibacterial activity and nontoxicity for humans, nisin has already been
employed as food preservative for a long time and is licensed by 48
countries around the world (Deegan et al., 2006).

Cinnamon has been used since ancient times both as a culinary
spice and for medicinal and other purposes. The medical properties of
cinnamon were utilized by ancient Egyptians. Its mild anti-
inflammatory, anti-spasmodic, and anti-clotting properties are believed
to be due to its content of cinnamaldehyde. Cinnamon extracts have also
inhibited the growth of cultured tumor cells (Craig, 2008). Moreover,
cinnamon can be useful in the treatment of type 2 diabetes; as well as
lowering triglyceride levels and serum cholesterol (Khan ez al., 2003).
Also, it is useful as a food preservative tc inhibit the growth of common
foodborne bacteria as Staph. aureus and MRSA (Chang ef al., 2001;
Yuste and Fung, 2003; Prabuseenivasan et al., 2006 and Agaoglu et al.,
2007).

This work was undertaken to throw light on the effect of adding
different concentrations of nisin and cinnamon on viability of
enterotoxigenic MRSA in sterile milk and ice cream.

MATERIALS and METHODS

I- Effect of different concentrations of nisin on the growth and
survival of enterotoxigenic MRSA in laboratory prepared sterile
milk:

- The organism:
Enterotoxigenic MRSA strain used was previously isolated and

well identified from the examined milk samples.
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- Experimental procedure:

Raw milk was laboratory sterilized by autoclaving. The sterile
milk inoculated with MRSA in concentration 1x10’cfu/m! and nisin was
added in concentration of 0.00 (nisin-free), 100 and 200 IU/ml. Each
sample was divided into two portions, the first portion was kept at room
temperature (20+£2°C) and the other was stored at refrigerator
temperature (4+2°C). The effect of nisin on the growth and survival of
MRSA was determined by using ORSAB after 3 h and then every 12 h
and compared with nisin-free samples.

- Measurement of pH value:

The pH value of each sample was determined according to
standard methods of A.P.H.A. (1992) with a pH meter (Orion Research
model 3200 A/digital analyzer) previously standardized with buffer
solutions of pH 3.0 and pH 7.0 buffer solutions.

II- Effect of different concentrations of ground cinnamon on the
growth and survival of enterotoxigenic MRSA in laboratory
made ice cream:

- Organism:

Enterotoxigenic MRSA strain used was previously isolated and
well identified from the examined ice cream samples.

- Experimental procedure:

Ice cream samples were prepared in the laboratory according to
the manufacture (Egyptian Dairy & Food Company) and then the
mixture inoculated with MRSA culture to contain 2x107 cfu/ml. After
that, the ground cinnamon was added during manufacture of these
samples in concentrations of 0.00 (cinnamon-free), 0.3 and 0.6%. Each
sample was divided into two portions, the first portion was kept at
freezing temperature (-4+2°C) and the other was stored at deep freezing
temperature (-18+2°C).

Samples from the two portions were taken before and after
addition of ground cinnamon to determine the initial count of the
organism by using ORSAB, the count after hardening of ice cream
samples, after the first, second and third day. Then, the samples were
tested every week up to 4 weeks of storage for MRSA count.

RESULTS

The obtained resuits were recorded in Figures 1-4.
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Fig. 1: Effect of different concentration of added nisin on the growth and
survival of MRSA in sterile milk stored at room temperature
(20+2°C).
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Fig. 2: Effect of different concentration of added nisin on the growth and
survival of MRSA in sterile milk stored at refrigerator
temperature (4+2°C).
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Fig. 3: Effect of different concentration of added ground cinnamon on
the growth and survival of MRSA in laboratory made ice cream
stored at freezing temperature (-4+2°C).

Countimi B Contol | e Cimmamon 0.3%

1x10° ountm | =g=Chnmamon 06%
%1067

x1g°

x10°

19t .
X1
1x10 -

O Time 1stday 2ndday 3rdday 1stweek 2ndweek 3rdwesk
Storage ime

Fig, 4: Effect of different concentration of added ground cinnamon on
the growth and survival of MRSA in laboratory made ice
cream stored at deep freezing temperature (-18=2°C).
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DISCUSSION

I- Effect of different concentrations of nisin on the growth and
survival of enterotoxigenic MRSA in laboratery prepared sterile
milk:

The data presented in Fig. 1 showed that the count of MRSA in
sterilized milk stored at room temperature containing nisin 100 1U/mi
was increased to 4.0x10® cf/mlat the 3™ h of the storage, then it
reached 3.0x10 at the 12™ h of the storage. Then at the end of first 24 h
of the storage the count gradually decreased and reached 8.5x10° cfu/ml.
The count of MRSA decreased until the pathogen failed to be detected
on the plate and could not be isolated at the end of 96 h. While, sterile
milk containing nisin 200IU/ml, the count of MRSA increased 1.4x10°
cfu/ml after 3 h of storage. The count gradually decreased until the
pathogen failed to be detected on the plate at the end of 72 h of the
storage and failed to be isolated from the milk. On the other side, in
control sample, MRSA increased from the initial count of 1x10’ to
4.5x10” cfu/ml in 96 h. Gradual decrease of pH value of the sterile milk
occurred from 6.40 to 5.62 in 0 time to the end of 96 h, respectively.

Result in Fig. 2 depicted the effect of nisin on the survival of
MRSA in sterile milk stored at refrigerator temperature (4+2°C). The
initial count of MRSA was 1.0x10" cfu/m] decreased to 2.0x10° and
3.0x10° cfu/ml after 3 h after storage100 and 200 IU/mi nisin containing
sampies, respectively. The organism failed to be detected on the plate and
could not be isolated from the samples containg 100 and 200 IU/ml nisin
afler 48 and 24 h storage at (4+2°C). respectively. While, the pathogen
survived in the sample free from nisin up to 48 h of the storage at
refrigerator temperature. Slight decrease of pH of the sterile milk from
6.40 to 6.06 at the end of 48 h of the storage.

From the aforementioned results, it was evident that the increased
concentration of nisin and the: storage of the sterile milk at refrigerator
temperature had an inhibitory effect on the survival of Staph. aureus.
These results agree with the theory which pointed out that Stap#h. aureus 1s
a robust bacterium and can survive for long period at low temperatures
below those which permit growth. Yet, refrigeration at <4°C may be
considered the only viable method for control of growth and toxins
production (I.C.M.S.F., 1996 and Ryser, 2001).

Also, the obtained results agree with thoserecorded by Rilla et af.
(2004), who found the inhibitory effect of Lactococcus lactis subsp. lactis
IPLA 729 on MRSA inoculated into milk in different inoculums (1.8x10*
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and 7.2x10° cfi/ml). While, MRSA when growing alone, it reached levels
of 6.4x10° and 1.9x10° cfiyml, respectively. In both cases, a slight growth
of MRSA occurred within the first 3 h of incubation. However, complete
disappearance of the pathogen occurred at the end of the incubation
period.

Many investigators recorded the inhibitory effect of nisin on
Staph. aureus as Aman and Ahmed (1997), they added nisin in
concentration of 50, 100, 150, and 200 IU/ml of nisin in cheese milk had a
highly bactericidal effect against Staph. aureus. Also, Narasimhan et al.
(1988) and Choi et al. (2000) reported the inhibitory effect of nisin on
Staph. aureus.

Numerous studies have been made on the mode of action of nisin
on susceptible vegetative cells. The target of the inhibition effect of nisin is
the cytoplasmic membrane where it depolarizes energized bacterial
membranes (reduces transmembrane potential) and form voltage-
dependent multistate pores. The result of a pore formation is the loss
of accumulated amino acids and the inhibition of amino acid transport
(Shehata, 1981). Delves (1990) indicated that nisin causes disruption,
either resulting in leakage of essential cellular material such as adenosine
triphosphate from the cell or in more severe cases lysis of the cell.

1I- Effect of different concentrations of ground cinnamon on the
growth and survival of enterotoxigenic MRSA in laboratory
made ice cream:

In ice cream samples stored at freezing temperature (-4+2°C) and
containing 0.3% ground cinnamon (Fig. 3), the counts of MRSA
diminished gradually from 1.1x10% to 2.8x10% cfu/ml by the end of 3™
week, and failed to recover from the samples by the end of the 4" week.
The ice cream samples containing 0.6% ground cinnamon, the counts of
MRSA decreased gradually from 8.0x10° to 3.0x10? cfu/ml by the end
of the 2™ week, and failed to be detected in the samples by the end of 3™
week. Concerning cinnamon free ice cream, the number of MRSA
decreased gradually during the storage period to reach its minimum level
6.0x10% cfu/ml by the end of the 4™ week.

As presented in Fig. 4, the numbers of MRSA (4.7x10° and
2.1x107 cfu/ml) reduced in ice cream samples with 0.3 and 0.6% added
ground cinnamon during the weeks of storage at the deep freezing
temperature (-18%£2°C). No viable MRSA could be detected in the
samples by the end of 3" and 1% week, respectively.
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These findings were in agreement with the theory that cinnamon
had antibacterial activities against many of bacteria including methicillin
resistant Staph. aureus (Chang et al, 2001). Also, many other
investigators reported the inhibitory effect of cinnamon against Staph.
aureus as Yuste and Fung (2003), Prabuseenivasan et al. (2006) and
Agaoglu et al. (2007).
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