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ABSTRACT

The effect of the antioxidant and antibacterial activity of thyme,
ginger, lemon grass oils and nisin (200ppm) on sensory, chemical
(PH, thiobarbituric acid "TBA" and total volatile nitrogen "TVN") and
microbiological (aerobic plate count "APC", total coliform count and
staphylococci count) quality of fresh minced beef during cold storage
at 4° C were studied. It is noticed that, all essential oils and nisin used
had considerable effectiveness in decreasing aerobic plate count
(APC), coliform count and staphylococci count, as well as chemical
indices (pH, TBA and TVN). Sensory analysis indicated significant
advantages in using lemon grass, ginger oils, nisin and thyme oil
respectively, in refrigerated minced beef. Results indicated that the
bacterial counts, pH, TBA and TVN values decrease as the
concentration of the oil increases since the concentration (1.5%) gives
the best effectiveness. The antioxidant and antibacterial activities of
the added essential oils followed the order lemon grass oil > ginger
oil > thyme oil. However, nisin was the lowest effect on the bacterial
counts except staphylococci count. These results suggest that lemon
grass, ginger and thyme oils respectively, can play an important role
as antioxidant and antibacterial agents in refrigerated minced beef
and extend the shelf life of refrigerated minced beef more than the
control samples by 6 days, and however nisin need more research to
be more stable and effective against Gram- negative bacteria.
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INTRODUCTION

Meat is a nutritious, protein-rich food which is highly perishable
and has a short shelf-life unless preservation methods are used. Shelf life
and maintenance of the meat quality are influenced by a number of
interrelated factors including holding temperature, which can result in
detrimental changes in the quality attributes of meat (Olaoye and
Onilude, 2010). During storage, quality attributes of the product
deteriorate due to lipid oxidation and microbial growth. Lipids oxidation
Is responsible for reduction in nutritional quality as well as changes in
flavor (AguirreZabal et al., 2000), while microbial contamination can
precipitate major public health hazards and economic loss in terms of
food poisoning and meat spoilage. Thus, the application of suitable
agents possessing both antioxidant and antimicrobial activities may be
useful for maintaining meat quality, extending shelf-life and preventing
economic loss (Yin and Cheng, 2003). lipid oxidation and microbial
growth in meat products can be controlled or minimized by using either
synthetic or natural food additives (Mielnik et al., 2003).

Some spices and herbs used today are valued for their antimicrobial
activities and medicinal effects in addition to their flavor and fragrance
qualities. The extracts of many plant species have become popular in
recent years and the attempts to characterize their bioactive principles
have gained momentum for varied pharmaceutical and food processing
applications (Shan et al., 2007). The antimicrobial activities of plant
extracts form the basis for many applications, including raw and

Kafrelsheikh Vet. Med. J. Vol. 11 No. 2 (2013) 108



Walaa Mohamed Elkassas & Engy Fawzy Elbahy

processed food preservation, pharmaceuticals, alternative medicines and
natural therapies (Lis-Balchin and Deans, 1997).

Essential oils of herbs and their components, products from the
secondary metabolism of plants, have many applications in ethno-
medicine, food flavoring and preservation as well as the fragrance and
pharmaceutical industries (Fabian et al., 2006).

Thyme is traditionally used as flavoring agents in meat and meat
products. Recently, its essential oil is known to include carvacol,
borneol, geraniol, but most importantly, thymol. Also Thyme oil contains
a variety of flavonoids, these flavonoids increase thyme antioxidant
capacity (Lawless, 1995 and Lacroix et al., 1997). The volatile oil
components of thyme have also been known to have antimicrobial
activity against different bacteria and fungi species (Dorman and Deans
2000; Nguefack et al., 2009).

The rhizome of the popular ginger species (Zinger officinal) is
widely used as a spice and food seasoning due to its sweet aroma and
pungent taste. It is well known to have antioxidant activity (Zia-ur-
Rehman et al., 2003) and effective antimicrobial agents (Ibrahim et al.,
2011). Ginger has been also shown to have a powerful proteolytic
activity and this property is especially useful in improving the tenderness
quality of otherwise tough meat (Choi et al., 1999 and Naveena et al.,
2004).

Lemon grass is a rich source of citral, which is used in perfumery
and pharmaceutical industries, The biologically active constituent of
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lemon grass is citral constituting more than 75% (w/w) of its essential oil
(Huynh et al., 2008). Lemon grass essential oil has the ability to control
bacterial growth and fungal pollutants in food such as Staphylococcus
aureus and Escherichia coli, also the antioxidant activity of plant
essential oil has proven, so that lemon grass essential oil in comparison
with alpha-tocopherol has stronger antioxidant activity (Tizianna
Baratta and Giuseppe, 1998).

Nisin is a bacteriocin generally recognized as safe (GRAS) by the
US Food and Drug Administration and World Health Organization since
1969. It is produced by certain strains of Lactococcus lactis subsp. lactis,
and is commercially available for use in foods (Guinane et al., 2005). It
Is active against gram-positive bacteria, but is not effective against gram-
negative, yeast and mold. Nisin has been shown to be effective in
controlling spoilage and pathogenic bacteria in many meat products
(Cooksey, 2005 and Guerra et al., 2005), however nisin activity may be
affected by many factors, such as concentration, the target
microorganisms, interaction with food components, fat content and
phosphate type, processing and storage conditions of food (Chollet et al.,
2008).

In Relation to above, the objective of this study was to investigate
the antioxidant as well as the antimicrobial effectiveness of three
essential oils (thyme, ginger & lemon grass oils) at various
concentrations and nisin as bactericidal on the quality of fresh minced

beef during refrigerated storage at 4°C.
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MATERIALS AND METHODS

A grand total of 4 kg of fresh minced beef was purchased from
butcher shop in Kafr Elsheikh city. The sample was transferred directly
to the laboratory under complete aseptic conditions without undue delay.
The samples were divided into five groups, untreated (control) and four
treated groups. The treated groups were homogenized with thyme,
ginger, lemon grass oils in 0.5%, 1% and 1.5% concentrations for each
oil and nisin in the form of the commercial product Nisaplin, in an
amount of 200 ppm (Hampikyan , 2009). Each sample was packed in
polyethylene bag, labeled and stored at 4 °C. Analyses were conducted
initially (Zero day) and every 3 days intervals during storage as follows:

1. Sensory examination:

It was applied by using score system recommended by Pearson
and Tauber (1984) according to the following table:

Points Interpretation of Quality
9 Excellent
8 Very very good
7 Very good
6 Good
5 Medium
4 Fair
3 Poor
2 Very poor
1 Very very poor
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2. Chemical examination includes:

2.1. PH values were carried out according to (Pearson, 1984): The pH
value was determined by using an electrical pH meter (Bye model
6020, USA).

2.2. Thiobarbituric acid (TBA): The method adopted for estimation of
TBA by Vyncke (1970).

2.3. Total volatile nitrogen (TVN) was done according the technique
recommended by Food and Agriculture Organization "FAO"
(1980).

3. Microbiological examination:

3.1. Determination of aerobic plate count (APC): as recommended by the
American Public Health Association for food stuff examination
(APHA ,2001).

3.2. Determination of total coliforms count (MPN/g) which was done
according to APHA (2001).

3.3. Determination of total staphylococci count which was performed
according to APHA (2001).
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RESULTS

Table (1): Sensory evaluation of the untreated (control) and treated samples of
minced beef during refrigerated storage at 4°C

Samples Zero day 3 day 6 day
Control Very very good Very poor Very very poor
Thyme oil Very very good fair Very very poor
0.5%
1% Very very good medium Very poor
1.5% Very very good medium Very poor
Ginger oil Very very good medium Very poor
0.5%
1% Very very good good fair
1.5% Very very good good medium
Lemon grass oil .
05% Very very good medium poor
1% Very very good Very good good
1.5% Very very good Very good good
Nisin 200 ppm Very very good good medium

Table (2): Mean values of chemical induces of the examined untreated
(control) and treated samples of minced beef during refrigerated

storage at 4°C

PH [ TBA TVN
Samples
Zero day 3 day I| 6 day I| Zero day 3 day 6 day Zero day 3 day 6 day
control |[5.64 + 0.02]l6.57 + 0.15][7.13 + 0.24][0.03 + 0.0J0.07 + 0.12][1.61 + 0.11][ 4.28 + 0.03][28.65: 6.26[46.94 + 0.33]f
Thyme oil
3/50/ 5.64+ o.ozl 6.29 +0.19ll6.72 + o.oel 0.03+0.01)10.84 + 0.08]1.37 + 0.12)f 4.28 + 0.03|20.43+ 3.10]}34.15 + 6.67
. 0
1% 5.64  0.02|l6.11 x 0.27)/6.53 = 0.09||0.03 + 0.01]{0.56 + 0.12][1.08 + 0.13] 4.28  0.03][18.12 + 7.75|}26.58 + 4.99
1.5% 5.64 +0.02][6.07 = 0.16l6.44 + 0.13][0.03 + 0.01]}0.37 + 0.14]0.96 + 0.07][ 4.28 + 0.03]14.96 + 1.12][21.37 + 267
Ginger oail
oiO/ 5.64 +0.02|l6.23 0.09| 6.50 + 0.14| 0.03+ 0.01)0.58 + 0.05|1.13 + 0.19| 428 +0.03117.04 + 4.71)[20 61+ 3.01
. 0
1% 5.64 + 0.02]/6.05 + 0.256.38 = 0.12]]0.03 + 0.01]|0.34 + 0.15][0.88 + 0.19]| 4.28 = 0.03][13.26 + 5.66]}19.46 + 4.39]|
1.5% 5.64 + 0.02]/5.94 x 0.25(6.30 = 0.12]]0.03 + 0.01]|0.29 + 0.08][0.82 + 0.08]| 4.28 = 0.03][11.81 = 2.61]}18.02 + 2.39]f
Lemon grass oil |
; 590/ 5.64+ o.ozl 6.15 + 0.26{[6.44 + 0.l6| 0.03+ 0.0110.42 + 0.16]0.95 + 0.18]{ 4.28 + 0.03|15.48 + 4.41}p8.14 + 3.81
. 0
1% 5.64 + 0.02]/5.97 + 0.23]6.27 = 0.07|J0.03 + 0.01]|0.25 + 0.11]{0.76 + 0.18] 4.28 + 0.03][ 0.06 + 1.27 [}15.96 + 1.29]f
1.5% 5.64 + 0.02]/5.91 + 0.35(6.18 = 0.07|[0.03 + 0.01f[0.21 + 0.02][0.74 + 0.13] 4.28 + 0.03][ 8.32 + 414 ]J15.37 + 1.47
Nisin 200 ppm [5.64 = 0.02[5.89 + 0.13fl6.15 + 0.12][0.03 + 0.01]f0.19 + 0.06J0.68 + 0.09]| 4.28 + 0.03]| 7.26 + 2.21 [}13.60 + 3.14]]

Results represent as mean + SE

TBA 0.9 mg Melanoaldehyde / kg raw minced beef (EOS, 2005)

TVN 20 mg /100 gm raw minced beef (EOS, 2005)
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Table (3): Mean values of APC of the examined untreated (control) and treated
samples of minced beef during refrigerated storage at 4°C

APC
Samples
Zero day 3 day 6 day
Control 1.8x10° +1.69x10° 2.08x10°+1.9x10° 2.6x10°+2.4x10°
Thyme oil 5 . . . s .
1.8x10° +1.69x10 1.6x10° +£1.4x10 2.4x10%+2.2x10
0.5%
1% 1.8x10° +1.69x10° 1.08x10°+9.3x10* 2.2x10°+2.04x10°
1.5% 1.8x10° +1.69x10° 1.3x10° +1.2x10° 5.5x10%+5.5x10°
Ginger oil c . . . . <
0.5% 1.8x10° £1.69x10 1.3x10°+1.13x10 1.2x10°+1.1x10
. 0
1% 1.8x10° +1.69x10° 1.07x10%+9.4x10* 2.1x10°+1.99x10°
1.5% 1.8x10° +1.69x10° 9.6x10* +8.4x10* 1.8x10%+1.7x10°
Lemon grass oil s . . . < s
05% 1.8x10° +1.69x10 1x10° + 9x10 2.1x10%+1.9x10
1% 1.8x10° +1.69x10° 1.3x10° +1.2x10° 1.5x10°+1.3x10°
1.5% 1.8x10° +1.69x10° 7.9x10* +7.1x10* 1.06x10°+9.4x10*
Nisin 200 ppm 1.8x10° +1.69x10° 1.6x10%+1.45x10° 1.02x10%+1.1x10°

Results represent as mean + SE

Table (4): Mean values of Coliform count of the examined untreated
(control) and treated samples of minced beef during refrigerated
storage at 4°C

S | Coliform count
amples
Zero day 3 day 6 day
Control 1.9x10* +4.8x10° 4x10° +8.5x10? 5.5x10° +1.5x10°
Thyme oil
3'50/ 1.9x10* +4.8x10° 3.2x10° +8.5x10? 3.2x10° +8.5x10?
. 0
1% 1.9x10* +4.8x10° 2.1x10* #5x10° 2.1x10° #5x10
1.5% 1.9x10* +4.8x10° 2.1x10* +5x10? 1.5x10° +5x10
Ginger oil
0%0/ 1.9x10* +4.8x10° 3.5x10* +1.5x10* 8x10° +1x10°
. 0
1% 1.9x10* +4.8x10° 3.2x10° +8.5x10? 3.2x10° +8.5x10?
1.5% 1.9x10* +4.8x10° 8x10° +1x10° 2.1x10* +5x10?
L il
emon grass ol 1.9x10° +4.8x10° 2.2x10° + 1x107 2.1x10* +5x102
0.5%
1% 1.9x10* +4.8x10° 1.2x10* +3x10° 3.2x10° +8.5x10?
1.5% 1.9x10* +4.8x10° 8x10° +1x10° 2.1x10* +5x10?
Nisin 200 ppm 1.9x10* +4.8x10° 8x10° +1x10° 8x10° +1x10°

Results represent as mean + SE
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Table (5): Mean values of Staphylococci count of the examined untreated
(control) and treated samples of minced beef during refrigerated
storage at 4°C

Staphylococci count
Samples
Zero day 3 day 6 day
Control 4x10° +2.3x10° 8.2x10° +6.8x10? 9.3x10* +9.3x10*
Thyme oil

4x10° +2.3x10° 3.1x10° +1.9x10° 2.3x10° +7.4x10*

0.5%
1% 4x10° +2.3x10° 6.43x10°+4.6x10° 2.6x10° +1.4x10°

1.5% 4x10° +2.3x10° 1.6x10° +1.4x10° 4x10* +4x10*
Ginger oil

4x10° +2.3x10° 1.7x10°+3.3x10* 2.9x10° +2.1x10°

0.5%
1% 4x10° +2.3x10° 3.3x10° +1.7x10° 1.7x10° +1.3x10°

1.5% 4x10° +2.3x10° 4.7x10° +3.3x10° 6x10* +6x10*
Lemon grass oil

4x10° +2.3x10° 2.1x10° + 9.5x10* 1.5x10°+4.8x10*

0.5%
1% 4x10° +2.3x10° 6.8x10° +5.2x10° 4.5x10* +4.5x10*
1.5% 4x10° +2.3x10° 9.8x10* +2.5x10° 9.8x10* +2.5x10°
Nisin 200 ppm 4x10° +2.3x10° 1x10* +1x10* 2.5x10* £2.5x10*

Results represent as mean + SE

The results obtained in table (1) showed that the sensory properties
of minced beef samples during refrigerated storage at 4°C were highly
enhanced by addition of lemon grass oil followed by ginger oil , thyme
oil at concentration 1.5% and 1% respectively an also nisin 200 ppm
gave the same result compared to the control samples at zero, 3" and 6™
day of the storage period while the samples treated with 0.5% thyme
oil demonstrated the lowest enhancement. Nearly similar results
were obtained by Amany et al. (2010); Ibrahim et al. (2012) and Reham
(2012).
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Lipid oxidation and other degradation reactions lead to the
formation of low molecular compounds, which contribute to the sensory
profile. Hydroperoxides and secondary oxidation products can react with
protein and amino acids during processing and storage period affecting
the flavor, odour and texture of meat products (Frankel, 1998).

Spoilage characteristics develop in food as microorganisms digest
the sugars, complex carbohydrates, proteins and fats of food producing
undesirable effects in the food if the spoilage microorganisms grow to
significant levels. Typically, the threshold level for observation of food
spoilage by odor, taste, or sight is not reached until the spoilage
microflora exceeds about 107 organisms/g of food (Sperber, 2009).

The results in table (2) showed an increase in PH mean values in
different treatments during storage period by different rates. The
untreated (control) samples showed the highest PH values. While the
samples treated with nisin 200 ppm, lemon grass and ginger oils in
concentrations 1.5% and 1% showed the highest effect on PH lowering
its values than those of untreated respectively, followed by the samples
treated with1.5% and 1% thyme oil respectively, till the end of storage
period. There was an increase in PH mean values of all untreated and
treated samples at 6™ day of the storage period, this increase may be due
to the accumulation of metabolites by bacterial action in meat and
deaminations of proteins (Jay, 1996).

TBA value is widely used as indicator for the assessment of degree
of lipid oxidation (EOS, 2005). The results obtained in table (2) revealed
that the highest incremental rate of TBA value was recorded in the
untreated samples, while the lowest significant incremental rate was
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recorded in samples treated with nisin 200 ppm followed by the samples
treated with 1.5% ,1% lemon grass and ginger oils respectively, and
finally the samples treated with 1.5% thyme oil. The increased rates of
TBA values for all the stored samples with advancing the chilling storage
time may be due to the auto-oxidation of meat lipids, bacteriological
and/or oxidative rancidity. Limit of acceptance for TBA is proposed as
0.9 mg Melanoaldehyde/ kg raw minced beef (EOS, 2005), and the
rancid flavor is initially detected in meat products between TBA values
of 0.5 and 2.0 (Gray and Pearson, 1987).

The use of metabolites produced by Lactobacillus (e.g. nisin)
improved the sensory and biochemical quality criteria (pH, TBA &
TVN) of frozen fish fillets (Ibrahim and Desouky, 2009). Fernandez —
Lopez et al. (2005) found that about 50% of the rancidity meat products
can be controlled by the citrus preparations (e.g. lemon grass oil) with
significant advantages in acceptability and aroma in rancidity-susceptible
meat products. This antioxidant activity has been mainly attributed to
flavonoids and ascorbic acid in citrus fruits (hesperidin, neohesperidin
and eriocitrin) (Schwarz et al., 2001). And Zia-ur-Rehman et al. (2003)
found that ginger has antioxidant activity. Thyme oil may act as a high
scavenger of radicals involved in lipid peroxidation help in protecting
lipids from oxidation during cold storage as discussed by Kulisic et al.
(2005). Billing and Sherman, (1998) reported that Essential oils rich in
polyphenols exhibit antioxidative activities as they scavenge free
radicals, similar to synthetic phenolic antioxidants.

The mean values of TVN are given in table (2). With the
progression of cold storage TVN rapidly increased for all investigated
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treatments occurred with different rates depending on the nature of
treatments. The untreated samples showed the highest incremental rate
while the treatments with nisin 200 ppm, 1.5%, 1% lemon grass and
ginger oils respectively, followed by treatment with 1.5% thyme oil were
more effective in delaying the rate of TVN increase during the
subsequent cold storage.

TVN value was more useful for assessing the degree of meat
deterioration than for evaluating the changes occurring during the first
storage stages (El-Marrakchi et al.,1990). EOS (2005) stated that 20 mg
TVN/ 100 gm raw samples indicates the spoilage of minced meat. The
increase in TVN is generally caused by the breakdown of proteins as a
result of microbial activity under low temperature and autolytic and
proteolytic enzymes. Such increases in TVN can be attributed to the
volatile basis production and non-volatiles and those compensatory of
free fatty acids resulting from lipids deterioration (lbrahim and
Desouky, 2009).

It is evident (Table, 3) that an increase in APC was noticed in
control samples when compared with other treatments. This may indicate
that essential oils and nisin caused sudden lethal effect for
microorganisms. From the results in table (3) it could be observed that
control samples had always high APC when compared with other treated
samples during the subsequent cold storage, this may be attributed to the
grinding process which compounds the problem by introducing the
pathogens into the interior of the meat and contributes to the increase of
total viable counts of meat (Mead and Griffin, 1998). It has been
reported by Insausti et al. (2001) that meat spoilage can not be said to
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occur until TVC reach 10°10°® CFU/g (limit of microbiological
acceptability). In general lemon grass oil and ginger oil in concentration
1.5% showed the highest effect in lowering APC at 3 day of cold
storage while nisin showed the lowest effect.

Helal et al. (2006) revealed that antimicrobial activity of lemon
grass oil has been reported higher against bacteria than fungi and yeast.
Also, Jitoe et al. (1992) and Zia-ur-Rehman et al. (2003) found that
ginger has effective antimicrobial activity.

Table (4) illustrates the effect of different treatments on total
coliform counts in minced beef samples during storage at 4°C. It is clear
that lemon grass and ginger oils followed by thyme oil in different
concentrations have the highest effect against the growth of coliforms
compared to the control samples. it has been reported that extract of
ginger showed an inhibitory activity against coliform bacteria (Kenar et
al., 2010).

Data obtained in table (5) showed that the control samples had the
highest staphylococci counts compared to other treatments. It is obvious
that nisin 200ppm showed the lowest staphylococci counts followed by
1.5% lemon grass and ginger oils respectively. Similarly, Russell and
Gould (2003) revealed that nisin delayed the growth of L.monocytogenes
and Staphylococcus aureus but had no effect on Gram- negative bacteria.
And lemon grass oil is reported to possess potent bactericidal activity
against Gram positive and Gram negative bacteria (Sharma et al., 2003).
Lemon grass oil was the most effective against Gram-positive bacteria
followed by ginger and thyme (Lidiane et al., 2009).
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CONCLUSION

From the obtained results we can conclude that plant extracts and
essential oils constitute a natural source of antimicrobial mixtures or pure
compounds for centuries. Essential oils and purified components are used
as natural products that prevent the growth of food-borne bacteria and
molds in food systems, as well as extend the shelf-life of processed foods
(Oke et al., 2009).

Biological properties of essential oils and their antimicrobial
activity have been attributed to phenolic compound (Seydim and
Sarikus, 2006). These compounds have hydrophobic characteristics and
interact with different sites of microbial cell (e.g., cell wall and
cytoplasmic membrane), causing loss of cellular constituents, collapse of
membrane structure, and cell death (Burt, 2004).

The antimicrobial activity of thyme oil has been thoroughly
investigated (Mielnik et al., 2008) and found to be active against food
borne and spoilage flora (Solomakos et al., 2008). This significant rate of
antibacterial activities is mostly attributable to the phenolic compounds
(cavracrol) and to the hydrocarbons which can be bactericidal or
bacteriostatic depending on their effective concentration (Bozin et al.,
2006).

Ginger extract was reported to inhibit E. coli, Streptococcus
faecalis, Salmonella typhimurium, Staphylococcus aureus, in meat and
meat product. Several investigations in Japan reported that ginger or
ginger extract added to lard or other foods showed reasonably strong
antioxidant property (Nain et al., 2009).
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Moreover, lemon grass oil was observed to possess high
antimicrobial activity, so it can be used as a way of combating the
growth of common causes of food poisoning (Fisher and Phillips, 2006)
and also this antimicrobial property make it an effective drug for
bacterial and fungal infections (Bhoj et al., 2011). Lemon grass oil was
found to be effective at all concentrations (Chahal et al., 2007), where it
is composed of three main components, the alpha and beta-citral
components which elicit antibacterial action on Gram-positive and
Gram-negative organisms, while the third component is mycrene which
provided enhanced activities when mixed with either of the two main

previously identified components (Onawunmi et al., 1984).

The antimicrobial effect of nisin is caused by its interaction with
the phospholipid components of the cytoplasmic membrane of the
bacterial cell and thus, interference with membrane function (Henning et
al., 1986). Use of nisin for meat preservation has not had much success.
There are problems of low solubility, uneven distribution, and lack of
stability on the meat surface, and nisin alone may not be sufficient to
prevent spoilage, as gram-negative and nisin-resistant gram-positive
bacteria such as lactic acid bacteria and are often associated with meat
spoilage. Nisin with nitrite has been reported to be effective for the

preservation of meat (Rayman et al., 1981).

So, addition of thyme, ginger and lemon grass oils showed general
enhancement in sensory, chemical and microbial attributes due to the
action of these oils in retarding oxidation as well as microbial population
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in the fresh minced meat during cold storage at 4°C. The results of this
study showed that lemon grass oil was the most effective especially at
concentration 1.5% followed by ginger oil at the same concentration
while thyme oil and nisin were the lowest. Therefore, it is suggested that
lemon grass, ginger and thyme oils respectively, can be used as natural
meat preservatives with both antioxidants and antimicrobial activities
against food borne pathogens and spoilage organisms, and therefore may
be useful in maintaining the meat quality, extending shelf- life of meat
products, preventing economic loss and providing the consumer with
food containing natural additives, which might be seen more healthful
than those of synthetic origin. And continued research to bacteriocins
(nisin) may lead to increased stability and enhanced features, or
extension of the antimicrobial spectrum to Gram-negative bacteria and

nisin-resistant gram-positive bacteria.
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