Benha Vet.Med.J., VolL.18, No.2, Dec. 2007

Trials to control Bacillus cereus spoilage of luncheon
in two processing meat plants

Dalia F. Khater ' and Wael F. El Taras®

Food Hygiene Dept., Animal Health Research Institute’and Department of Hygiene and
Preventive Medicine (Zoonoses) Faculty of Veterinary Medicine Kafrelsheikh University *

Abstract

Spoilage of luncheon meat produced by two large processing meat plants
accompanied with huge economic losses was assessed after a few storage days of
production. The principal spoilage bacteria isolated from luncheon meat stored at
room temperature have been identified as strains of Bacillus cereus. Bacteriological
examination revealed that the mean values of total B, cereus counts were 7.7 x10°22.9
x10° for plant I and 1.5 x10° * 6.6 x10’ CFU/gm for plant IL Bacillus cereus were
isolated in this study from different raw materials as milk powder (skimmed & full
cream)}, why milk, corn starch, potato starch, flour, Lora paper for plant I and Soya
bean (powdered & crushed) for plant 1I. The contamination levels were ranged from
10? to 10°. The addition of Jactate1% or nisin 0.025% either alone or in combination to
luncheon meat formuia can restrict the potential for B. cereus growth. Moreover, the
addition of nisin 0.125% was sufficient to prevent the growth of B. cereus in luncheon
meat product. The study concluded that B. cereus may be one of a significant
etiological agent of food spoilage, especially among meat products in Egypt.

Intrdduction

Spoilage is commonly manifested as "off" odors and flavors caused by
presence of volatile compounds produced as a result of bacterial
metabolism. Certain microorganisms cause deterioration of food quality by
altering the sensory characteristics of foods. One of the primary concern in
this regard are the spore-forming pathogens that have relatively short lag
times and the ability to grow rapidly and/or that may normally be present in
large numbers, organisms that possess such characteristics include Bacillus
cereus (16).

Bacillus cereus is one of the few sporeforming, aerobic bacteria
recognized as a bacterial pathogen. It is widespread in soil, milk, meat and
poultry surfaces, cereals, starches, herbs and spices. The spore-forming
ability of Bacillus spp. promotes the survival of members of this genus
during food processing treatments, and the spores may then germinate if the
food is left at room temperature or even at refrigeration temperatures (5).
The presence of large numbers of Bacillus cereus (greater thanl0®
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organisms/g) in food is indicative of active growth and proliferation of the
organism and is consistent with a potential hazard to health (18; 43).

Bacillus cereus, is a well-known food-poisoning organism that may
cause human illness due to the fact that it produces either heat-stable emetic
toxin (cereulide) usually found in fried and cooked rice and pasta or heat-
sensitive diarrheal enterotoxins (HBL, NHE, and BcET) most frequently
found in milk and meat products (20; 41).

In addition, Bacillus strains are widespread in meat and meat products (3;
4; 12; 13; 38; 44). The literature is replete with examples of outbreaks of
foodborne iliness that have resulted from B. cereus (19; 22; 23; 24; 48).
However, few previous papers reported the presence of B. cereus in
luncheon meat (23 115 33).

During this study, spoilage of luncheon meat in two large processing
meat plants accompanied with huge economic losses was assessed. Clear
bulging of plastic casing and gas formation indicated spoilage after a few
storage days of production. However, 3 months of the expected shelf-lives
were still remaining. Therefore, the aim of this work was to identify the
main microbial food spoilage process associated with luncheon production
and the control strategies availabie to impede spoilage at various stages of
processing and storage. A

Materials and methods

1.Collection of luncheon sampling Twenty samples of luncheon meat (5
kg) showing physical signs of apparent spoilage (clear bulging of plastic
casing and gas formation) were collected from two large processing meat
plants (ten samples from each plant) in Egypt, then the plastic casing was
removed under aseptic condition and the samples were examined according
to E.O.8.Q.C. (14).

2. Bacteriological analyses

Sample processing A 10 grams of luncheon meat was aseptically weighed
into 90 ml of 0.9% NaCl (w/v) and 0.1% (w/v) peptone water in a sterile
plastic bag, and then blended in a Stomacher (Seward Medical, London,
UK) for 30 seconds, ten-fold serial dilutions were used for bacteriological
examination.

1
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Bacterial counts The spread plate technique was used to prepare duplicate
plates for determination of aerobic plate counts (APC) and anaerobic plate
counts {AnPC) (26). After incubation, duplicate agar plates between 30 and
300 colonies were counted, and then mean counts were calculated.

Isolation and enumeration of Bacillus cereus Bacillus cereus was isolated
and enumerated according to the method recommended by Holbrook &
Anderson (27), 0.1 ml of diluted sample was plated in duplicate on Bacillus
cereus Selective Agar, polymyxin pvruvate egg yolk manitol bromothymol
blue agar (PEMBA). Plates were incubated at 37°C for 24 h plus an
additional 24 h at room temperature to facilitate the development of
turquiose to peacock blue colonies suspected to be Bacillus cereus.

Identification of Bacillus cereus All colonies that were rough in texture,
turquiose to peacock blue in color, surrounded by greyish zones of egg yolk
precipitate and mannitol negative were picked from the plates. Biochemical
tests were carried out as described by Harmon (25). Motility, hemolytic
activity on trypticase soy sheep blood agar and rhizoid growth on nufrient
agar were determined. '

3. Examination of raw materials Samples from different raw materials
used in production of the luncheon meat were collected from two processing
meat plants and examined for isolation and enumeration of Bacillus cereus.
Moreover, other samples were obtained from different stages of luncheon
processing for determination of APC, AnPC and BeC.

4, Control of Bacillus tereus in luncheon meat The following
antimicrobial treatments were applied to restrict the growth of Bacillus
cereus in luncheon meat product. For plant, I lactatl1% alone or in
combination with nisin 0.025% (100 g Nisaplin " a commercial nisin
preparation contains 2.5% active nisin"/ton), were used during processing
of luncheon meat, and for plant II nisin 0.025% or nisin 0.125% was
applied. After treatments, 10 samples from each treatment were collected.
Moreover, 10 samples without any treatment (control) were also collected
from each plant. The collected samples were stored for 2 weeks at room
temperature, then examined for determination of APC, AnPC and BeC.

The mean values were analyzed statistically (ANOV A, 95% confidence)
to determine significant differences between the antimicrobials. The means
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of corresponding count types were analyzed for significant differences
between the plants.

Results

(Table 1): Mean values of aerobic, anaerobic plate and Baciffus cereus (CFLi/g) counts of
spoiled luncheon meat samples (N=10).

F{nnt Acrobic Plate Count Angerobic Plate Count Bacillus Cereus Count
) Min Max mean*SE | Min Max mean'SE | Min Max meanSE
Plant [ | 7.5x107 | 47x107 | LO8xI0° | 3xI0° | 53%10° ] 16 <i0® | 2xi0° |33 %107 T 77 ioF
: 5 xI0* 6.5 x107 £2.9x10"
PlantIr | 7.5 x10% | 7.1x10" | 23x16° | 1.ax10° | 27x10° | 75107 43x10° 1 472165 | 15107
T8 x10* 127 %107 66 x107
_

'

(Table 2): Isolation and enumeration of bacilius cereus (CFU/g) on raw materials used in
processing of luncheon meat. : '

Raw material Plant 1 Plant I1
Meat NI NI
Water NI NI 7
Milk powder (full cream) 2.5x10° *
Milk powder (skimmed) 2x10° *
Why milk 3.7x10° *
Corn starch 9.9x10° NI
Potato starch 6.5x10° *
Soya bean (crushed) * 7.8x10°
Soya bean (powdered) . NI 4.9x10%
Spices (liquid) * NI
Spices (powdered; NI ¥y
Flour v 3x10° NI
Bfack pepper NI NI
White pepper NI NI
Lora paper B 3.5x10" *

NI = BRacillus cereus not isolated

* This material not used by the plant
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(Table 3): Aerobic, anerobic plate and Bacillus cereus count {CFU/g) of samples coltected
from different processing stages of luncheon meat product.

[Processing stage i Plant | Plant Ii
APC ANPC BeC APC AnPC BeC

Chopping 4x10’ 2.7x1¢" NI 7410 6.9%10" NI
Grinding 53x10" 3.9x10° NI 8.5x10" 9.7x10* NI .
Blending 3.2410° 1Lix1e® 9.3 x10° 3.8x10° 3.5 x16* 8.5 x10
Emulsification 4.3x10% 4.1x10° 1 x10' 7.1 x10° 5.5 x10° 9 x10°
Casing 4.6x10° 4.3x10° 4 x10" 1.5 x10° 1.8 x10” 9.6 xloz
Cooking 1 3l 2.2x10° 1.1 x10° 5.6 x10° 9.6x107 I 3.2x10°

N1 = Bacillus cereus not isolated “'""ﬂr

APC= aerobic plate count, AnPC= anerobic plate count, B¢C= Bacillus cereus count

(Table 4): Mean populations (log CFU/g) of aerobic, anerobic plate and Bacillus cereus
counts on luncheon meat samptes (N=10), formulated with and without antimicrobials, two
weeks after using antimicrobial substances, followed by packaging and storage at room
temp.

Plant Treatment APC AnPC BeC
No treatment | 8.6771 A* 7.8708 A 6.6315 B
{control)

ata 10 p -
Plant] | Lactate 1% 42771 B 32666 B 28236 C

Lactate 1% + | 2.7487 D 26653 C 1.5042 D
Nisin 0.025%
No treatment | 8.8902 A 74735 A 7.6046 A
Plant 11 {control)

36902 C 32785 B 2.8484 C
Nisin 0.025%
Nisin 0.125% | 2.5877 D 19700 D 0.0000 E

*Means with the same letter are not significantly different
APC= aerobic plate count, AnPC= anerobic plate count, BeC= Bacillus cereus count

The collected spoiled luncheon meat samples revealed clear bulging of
plastic casing and gas formation. Very offensive odour was detected on
cutting. Moreover, softening and discolouration of the surface together with
liquefaction of some areas of the product were also observed. These changes
were noticed after a few of storage (5-20 days) after production.

Bacteriological analyses Examination of the apparent spoiled luncheon
meat samples revealed high aerobic plate count which ranged from 7.5x10’
to 4.7 x10° (CFU/g) for plant 1 and from 7.5 x10° to 7.1 x10° (CFU/g) for
plant II. Moreover, Anaerobic plate count ranged from 5 x10° to 5.3 x10°
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(CFU/g) for plant I and from1.6 x10° to 2.7 x10* (CFU/g) for plant II (table
1). Isolation and enumcratxon of the Bacillus cereus count revealed high
incidence, from 2 x10° to 3.3 x10’ (CFU/g) for plant I and from 4.3 x10° to
4.7 x10® (CFU/g) for plant II.

Sources of Bacillus cereus Bacillus.cereus was detected in different raw
materials. Milk powder (skimmed & full cream), why milk, corn starch,
potato starch, for plant I and Soya bean (powdered & crushed) for plant 11
were recorded to be contaminated with high counts (10° to 10® CFU/g) of
Bacillus cereus (table 2), while flour and Lora paper for plant II were less
contaminated (10° to 10" CFU/g). In addition, Bacillus cereus was also
detected in samples collected from different processing stages of luncheon
meat product (table 3).

Control of Bacillus cereus Addition of Lactate 1% to the formula of
luncheon meat in plant I and nisin 0.025 % in plant II significantly decrease
Bacillus cereus count from log 6 to log 2 in plant I and from log 7 to log 2
in plant II. Combining lactate 1% and nisin 0.025 % to the formula of
luncheon meat resulted in an increased reduction in the viable count of
Bacillus cereus (logl) in plant I. Moreover, increasing the level of nisin in
the formula of luncheon meat to 0.125% in plant II completely inhibit the
growth of Baciilus cereus (lable 4}.

Discussion

The presence of food spoilage organisms and pathogens in foods is a
major concern to the food processing industry, government regulatory
agencies and food consumers. Foodborne pathogens have been responsible
for several food poisoning outbreaks, some of which have resulted in
serious 1llness and death. In addition, the presence of pathogenic organisms
in foods has led to numerous product recalls, product losses, and
considerable negative publicity to the food industry.

Bacteriological analysis of apparent spoiled luncheon meat revealed high
number of both total aerobic and anaerobic bacterial count indicating either
mixed bacterial contamination or facultative anaerobic microorganisms that
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grow well in both aerobic and anaerobic condition. The mean values of total
aerobic and anaerobic bacterial count were 1.08 x10°*5 x10%and 1.6 x10%*
6.5 x107 for plant T and 2.3 x10°*8. X 10®and 7 x107* 2.7 x107 CFU/gm for
plant II respectively (table 1). Previous investigations (2; 19; 42; 45; 46)
recorded that the mean values of total aerobic bacterial count of unspoiled
luncheon samples collected from Egyptian markets were 1.02 x 107; 1.72 x
106; 4.56 x 105; 1.3x 105', 9.5 x 107, respectively. Meanwhile, our findings
are not similar to those reported by EI-Bab and Sayed (11) and Torky (46)
who mentioned that the mean values of anaerobic bacterial count of beef
luncheon collected from markets in different governorates were 0.37 x 10°
and1.3 x 10° CFU/gm, respectively.

The results of this study indicate that the pnincipal spoilage bacteria
isolated from luncheon meat stored at room temperature have been
identified as strains of Bacillus cereus. Bacillus cereus was responsible for
those degradative changes (surface softening and discolouration, gas

. production and eventual product liquefaction) regarded as overt product
~ spoilage. Bacteriological examination revealed that the mean values of total
* Bacillus cereus counts were 7.7 x10°£2.9 x10° for plant I and 1.5 x10°*6.6

x10’ CFU/gm for plant II, respectively. From the epidemiological point of

view, Bacillus cereus was previously detected in luncheon meat (25 33), the

contamination levels were generally > 10%/g.
The preliminary results reported in this paper are reassuring with regard

: to the potential risk due to the presence of Bacillus cereus in heat treated

meat products. It should be noted that Bacillus cereus are usually counted

. after thermal process. In this way, only spores are counted, and therefore,
- the total amount of Bacillus cells is unknown and their potential risk could

be underestimated. Some information is available about the ability of
Bacillus spores to germinate during sausage ripening and storage (4; 21;
28); therefore, it is essential that control measure should be directed at
preventing the germination and outgrowth of spores. Further studies are
needed to understand which processing parameters can stimulate or repress
spore germination and cell replication.

On the other hand, outbreaks of B. cereus are not common, due to the
high number of organisms that are necessary to cause infection, but the
resistance of its toxins to heat treatment makes it a threat nonetheless in both
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raw and cooked foods (40). The diagnosis of Bacillus cereus food poisoning
can be confirmed by the isolation of greater than or equal to 10° B. cereus
organisms per gram from epidemiologically- implicated food.
Underreporting of such outbreaks is likely because illness associated with B.
cereus is usually self-limiting and not severe. In addition, findings of a
recent survey about culture practices for outbreaks of apparent foodborne
illness indicate that 20% of public health laboratories do not make Bacillus
cereus testing routinely available (32). However, the product studied here
was in such an advanced stage of spoilage that its consumption would be
very improbable.

The high counts of Bacillus cereus strains may be due to the different
sources of contamination. Bacilius cereus were detected in this study in
different raw materials as milk powder (skimmed & full cream), why milk,
corn starch, potato starch, flour, Lora paper for plant { and Soya bean
(powdered & crushed) for plant Il respectively. The contamination levels
were ranged from 10° to 10° (table 2). The distribution of thermophilic
acrobic sporeforming bacteria in food ingredients is of interest to the food
microbiologist because of their potential importance as spoilage organisms
in food. The presence of spores of thermophilic bacteria in spices, milk,
flour, starch and Soya bean has been recognized as a potential source of
spoilage organisms for sometime (15; 30; 31; 34; 44; 47). Since B. cereus
could derive from different sources and their presence cannot be ruled out,
highly effective control measures should be applied for Bacillus strains
when new ingredients are adopted.

In the present study, our target was to control Bacillus cereus spoilage of
luncheon meat. Several ways of inhibiting foodborne pathogens in food
products using bacteriocins have been reported (29). We investigated the
use of two bacteriocins active against Bacillus cereus. The effectiveness of
lactate and a commercial nisin preparation, which contains 2.5% active
nisin, were tested (table 3). Our data showed that the addition of lactate1%
or nisin 0.025% (100 g/ton) either alone or in combination to luncheon meat
formula can restrict the potential for Bacillus cereus growth. Moreover, the
addition of nisin 0.125% (500 g/ton) was sufficient to prevent the growth of
Bacillus cereus in luncheon meat product. Our results substantially agreed
with those obtained by Ronner et.al (39) who found that nisin was the most
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widely effective against the strains of Bacillus cereus. Our results proved
that increasing the level or kinds of preservative factors is effective in
decreasing the number of colony forming units of food borne pathogens.

As demonstrated previously (6; 7) and as recorded in this study, nisin
‘reatments reduced bacterial populations greater than 99%, for the tested
srganisms. The growth of organisms on non-selective media following nisin
reatments (0.125%) can be attributed to the presence of nisin-resistant
sontaminants. Despite differences associated with the various parameters
‘tissue type, day, organism) examined in this study, nisin treatments were
sffective for reducing populations of Bacillus cereus in fresh luncheon.
Nisin treatments may not only improve the shelf life of meat products by
nhibiting the growth of spoilage bacteria such as Bacillus cereus, but may
also enhance the microbiological safety of products by reducing levels of
»athogenic bacteria.

The bactericidal mechanism of nisin involves pore formation in the
sytoplasmic membrane, leading to an efflux of amino acids, potassium,
norganic phosphate, and a partial efflux of mtracellular ATP (1; 35; 36).
3oth the vegetative cells and the spores of bacilli were reported to be
sensitive to nisin (10; 37). Spores of a sensitive strain were claimed to be
nore sensitive to nisin than the vegetativé cells (9). Nisin possibly inhibits
the spores during the early stages of germination (37). The inhibitory effect
of nisin alone against different bacilli has been shown in laboratory media
and in foods (8). '

The results of this study concluded that B. cereus could be a significant
stiological agent of food spoilage, especially among meat products in Egypt.
“ontamination of meat products with B. cereus could derive from dlfferent
ources particularly the ingredients. In order to prevent spoilage of luncheon
neat with Bacillus cereus, good manufacturing practices should be
naintained. Moreover, the application of low doses of nisin in combination
vith lactate or high doses of nisin alone could restrict the growth of Bacillus
ereus in luncheon meat product.
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