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Wtoguction
g::ibn's‘a_tked. luncheon meat, a pusleurized' prod_uct shielded from post-cooking con-
Proces. ‘lon, is a convenient _lno:!el system m»whn{h to s(uﬁy the effects of product,
c'rgam:lng.and storage variables on rj)xcrobnologa(;:1l stability. Only those micro-
A SmeS in the raw e_mulslon that survive the cooking process and then develop under
Sludy Sequent prevailing storage r.{Jn(imnns can cause product _sngl!agﬁ. The pr:
\lncheowas undertaken to determine the spoilage characteristics of chub-
,nicrobinlmgat wb)e_cged _to gross storage-ternperature abuscf and then to xwalus‘xt»- hc
Storg °Og|<ltal stability is influenced by product formulation and by processing and
8e conditions.

M X

=erials and Methods

Microp:

\T <Lobiological examination of chubs

e AT

by m‘“’lace and core of individual 250 g luncheon meat chubs were aseptically sampled

0’n°e30§ of the cork-borer technique of Bell and Gill (1982). Samples (10 g) were

Qolwgeﬂlzed in 90 ml of 0.1% peptone supplemented with 0.2% tergitol by the use of a

Pepte rth Stomacher, and serial dilutions prepared from this homogenate in 0.1%

ar Ne. Spread plates of appropriate dilutions were made in triplicate on plate count

epr-e he (colonies that developed after 72 h incubation at 25°C were counted.

|982) Sentative isolates were subcultured and identified to genus level (Bell & Gill,
* The pH of the initial homogenates was determined with a glass electrode.

B,

~€Ct of thermal processing

aw ¢

Gg'S.EOmmer:xally prepared chubs were placed into a water bath cooker maintained at

amgy . roups of chubs were removed when they had received a predetermined

te P:r‘ of thermal processing calculated as a pasteurization value for reference

e ature 70°C (P7 ) (Shapton et al., 1971). The P70—values were calculated as

Naq::,b?d by Bell (1983). After removal from the cooker the chubs were immediately

Watay INto crushed ice, cooled for 30 min and then dipped for 10 seconds into 95°C

to ete‘o shrink the casing onto the meat. The chubs were either sampled immediately

to obs tmine the surviving microflora or stored at 25°C and then sampled at intervals
€rve spoilage microflora development.

Etf
o Lol oxygen availavility
Co

r:kr-:\memlally prepared chubs vacuum mixed and filled into either conventional plastic
Wit Or permeable fibrous salarni casings were obtained from a manufacturer. Chubs
Co, ﬂlr( trapped in the emulsion were prepared by filling plastic casings with
Cookj ercial emulsion by means of a horizontal piston-type sausage stuffer and then
at 25 aAS described above to a P70-value of approximately 125. All chubs were stored
250, Cin air; in addition, some vacuum filled, plastic-wrapped chubs were stored at
l‘emw:;de" hydrogen (Bell & De Lacy, 1982). Five chubs from each group were
fom storage at intervals and examined microbiologically.

Heat : .
W\d recovery of Streptococcus faecium
"R
& ab'l“y of a Streptococcus faecium strain isolated from soured luncheon meat [Bell
b'ﬂth Lacy, 1983(a)] to grow aerobically and anaerobically in Brain Heart Infusion (BHI)
COntaining 0.5-12% NaCl at pH 7.4; 0.02 to 1% NaNO, at pH 6.3; or at different
Sens‘lia!“?s (4.0 to 6.8) within 7 days at 25°C was determined. The aerobic and anaerobic
tivity t0 NaCl and NaNO,, of S. faecium cells was determined by heating cells at
for 10 min in BHI, BHI (2% NacCl), BHI (0.02% NaNO7), BHI (2% NaCl, 0.02%
2) and in luncheon meat emulsion. Heated cells were plated onto BHI, BHI (2%
i ) and BHI (2% NaCl, 0.02% N(NOZ)Y and the colonies that developed after 72 h
rnédia"(’" at 25°C were counted. The ability of cells heated in the four BHI-based
%“s 1o recover and grow in these heating media was determined by storing heated
ang \Spensions at 25°C and daily reroving samples for plate count enumeration on BHI

0o

deyg, I (2% NaCl) agar [Bell & De Lacy, 1984(a)l. The survival and subsequent
P’g vbﬁme“l of naturally occurring streptococci in luncheon meat chubs cooked to a
~valy

€ of 40 was also determined.

Serm:
Mination and growth of Bacillus licheniformis

sp:“:h'“‘y of heat activated spores of a Bacillus licheniformis strain |5L>[;|tg(| [ro!n
PH g 5 luncheon meat [Bell & De Lacy, 1983()] to grow aerobically or anaerobically in
Nﬂ(fl: TYG broth (liquid equivalent of plate count agar) containing either 0 to 12%
ay, 50 to 1% NaNO, or in TYG broth at pH values ranging from 4.8 to 6.8 within 7

S at 250

'n@dxa C was determined. In tests involving anaerobic incubation, freshly prepared
Lan ]WN" pre-reduced under hydrogen in an anaerobic jar at 15°C for 24 h [Bell & De
B, it 1984(b)). To determine the effect of curing salts on thermal resistance spores of

—<niformis were suspended in TYG, TYG (4% NaCl), TYG (0.02% NaNO,) and TYG
re,“:‘ﬂ‘“.l, 0.02% NaCl), all at pH 6.8, and then heated at 70 and 80°C. Samples we

il\mmved at intervals, dilutions prepared and plated onto plate count agar. Plates were

Logg ;; aerobically at 37°C and the colonies that developed within 26 h counted.

pf“"iﬂ heat resistance, the earliest event in spore germination (Dring & Gould, 1971),

‘N\Qpr S a convenient means of monitoring the germination process. The aerobic and
obic z ) , "

d"t(‘r %ic germination of B. licheniformis spores in the four TYG-based media was
""Ma"”“"f by comparing plate counts of incubated spore susy s obtained before
ter the suspension had been held at 80°C for 10 min [Bell & De Lacy, 1984(b)].
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Table 1. Microflora surviving in luncheon meat chubs cooked at 68.5°C to process

B es f 40
E 70 values from 40 to 150.

Process Lngm bacteria surviving cooking (aerobic plate count/g)
B vl T e SR R e e e e T
7 2 s
2 Brochothrix Lactobacillus

Total

Bacillus

o 278 205
60 2.26 2.78
75 - - - - -

90 - - - 2.30 2.30
105 - - 1.54 2.15 2.24
120 - - 1.82 1.53 2.00
135 - - 2.00 2.00 2.30
150 - - 1.52 1.99 2.11

-, not detected (limit of detection 1.52)

Microbial growth occurred throughout the chubs that spoiled by the Streptococcus
sequence but was restricted to the surface in the other sequences with spoilage most
advanced under the side seam and end seals. The dominant spoilage bacteria were
identified as Streptococcus faecium and Bacillus licheniformis [Bell & De Lacy,
1983(a)].

Effect of oxygen availability

After 3 days storage in air at
25°C, chubs packed in salami
casings developed a confluent
bacterial growth on the out-
side of the casing. This
encrustation appeared to be
composed  of a  single
R bacterial species sub-
sequently identified as B.
licheniformis. By day 7 the
16 meat was deep red, semi-
fluid and had a putrid odour.
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Air  trapped within the
emulsion of chubs in plastic
casings allowed the spoilage
microflora, Bacillus/-
Streptococcus spoilage
. L - 4 sequence to develop through-
L 20 » out the product. Product
Time (days) spoilage (gas production and
Fig.1. D of the ipoiale surface softening) was
sequence on the surface of chubs stored at 25°C evident by day 14, some 7

Streptococcus, (] Bacillus and @ pH. days earlier than occurred in
vacuum filled chubs. Storage
under hydrogen, on the other
hand, markedly extended
shelf-life. Not only did the
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a 't N

.\'\0\
o s

e

chubs show no obvious signs of
spoilage after 28 days storage at
25°C, but there was no detectable
growth of the spoilage microflora. 8

Heat injury and recovery of
Streptococcus faecium

Unheated S. faecium had the same
aerobic and anaerobic tolerance to
NaCl and acidity with growth being
inhibited at 8% NaCl and at pH 4.4.
At pH 6.8, 1.1% NaNO, inhibited
anaerobic growth and 1.5% inhibited
aerobic growth.
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The presence of 0.02% NaNO, in " N 3
the recovery media, whether or not 1 20 30
NaCl had been added, had no Time (days)

appreciable effect on the recovery

o

Fig2. Development of the Bacillus 7 Streptococcus
of heat-treated S. faecium comn- spoilage sequence on the surface of chubs stored
pared to recovery in either BHI or at25 C. Streptococcus, Bacillus and @ pH.
BHI (2% NaCl).

For all heating media (Table
2) the Decimal Reduction
Times at 70°C, (Dm-values)
(Katzin & Sandholzer, 1943)
for cells recovering on BHI
°. were significantly greater
\ (P<0.05 Mann Whitney U-
test) than those on BHI (2%
NaCl). For cells recovering
/ {s on BHI the D, -values for
cells heated in BHI with 2%
NaCl added were signi-
ficantly greater than those
for BHI-based heating media
without added NaCl. How-
ever, D7 -values for cells
recovering on BHI (2% NacCl)
were similar, regardless of
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Fig.3. Development of the Bacillus spoilage sequence Post "?J";’ dm’.'"o"'"e?t of

on the surface of chubs stored at 25 C. Bacillus and heated S. faecium cells in

®pH broth-based media was
influenced as much by the
number of surviving

undamaged cells (those able
to grow in the presence of
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Table 2. Dm—vulues of Streptc Influence of e and piat
media. (Each value is the mean of four independent de vations except
for luncheon meat values, which are the means of te termi
tions.)

Plating meditnr
Heating - P e = =
medium BHI BHI (2 (
mean (S.E.) (S.[

BHI (0.08) 1 (0.08)
BHI (2% NaCl) (0.09) 1.697 (0.10)
BHI (0.02% NaNO,) 1.82% (0.08) 1.409 (0.09)
BHI (2% NaCl, 0.02% NaN( 2.!3h (0.08) 1.44° (0.09)
Luncheon meat t‘vmls,,m 'w.’)’)c (0.25) 2.61° (0.03)
a,b,c,d,e - D-values within the same column or row bearing different super-

scripts and significantly different (P<0.05).

2% NaCl) as by the composition of the heating medium. When undamaged cells survived
the heat treatment, no substantial prolife

approximately 18 h in BHI and BHI (2% NaCl, 0.02% NaN( 2‘ or within 24 h in BHI (2%
NaCl). Once cell growth commenced, the population estimates on BHI and BHI (2«
NaCl) plating media were similar. When no surviving undamaged cells were dete
immediately after heating, the post-heating lag lasted 48 h in the presence of 2% NaCl
but was extended to 72 h in the presence of 4% NaCl or after the more-severe heat
treatment of 20 minutes at 70°C [Bell & De Lacy, 1984(a)l. Immediately after « ing
to a P, -value of 40, streptococci could not be detected in luncheon meat chubs. After

ation occurred during storage at 25°C for

43 hr storage at 25°C, streptococci were detected both in the core and at the surface
of the chubs.

Germination and growth of Bacillus licheniformis

After 7 days incubation at 25°C heat activated B. eniformis spores grew aerobically
in TYG broth at pH 6.8 containing either up to 10% NaCl or up to 0.15% NaNO_; and at
pH values down to 5.2. However, spores incubated anaerobically in all the pre-reduced
media [Bell & De Lacy, 1984(b)] failed to grow. Addition of 4% NaCl to the heating
medium (TYG-broth) increased the Dm and Dgo-vulues of the spores from 690 and 57 to

890 and 79 respectively, indicating an increased thermal resistance; however, addition
of 0.02% NaNO_ to the heating medium had little effect. Spores surviving 10 min

exposure to 80°C showed sublethal heat damage: 12.8%, 23.2% and 43.8% of the
survivors were sensitive to 2%, 3% and 4% NaCl in the recovery medium, respectively.

Germination, detected as loss of heat resistance, occurred rapidly at 25°C under both
aerobic and anaerobic incubation. In both regimes germination was accelerated and
enhanced by the presence of NaCl, for example germination rates after 24 h aymL‘Mbu
incubation in TYG medium containing 0, 1, 2, 3 and 4% NaCl were 95.9, 98.1, 99.4, 99.7
and 99.7% respectively. The presence of \a\‘OZ in the germination medm E'ltht‘l' alor(
or in combination with NaCl, had no significant effect on germination. Vegetative
growth of germinated spores commenced after 9 h aerobic incubation but under
anaerobic incubation spore outgrowth did not occur and the number of colony forming

units progressively declined. No anaerobic growth occurred even after 7 days'
incubation (Fig. 4). The continued decline in colony-forming units ilted almost
exclusively from the death of the germinated spores, so that by day®p in NaCl-free
media, and day;?hn media containing 4% NaCl, only ungerminated spores were detected
(Fig. 4).
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Fig. 4. Germination of Bacillus licheniformis spores
during anaerobic incubation at 25°C.  Germinated,
® Ungerminated spores in TYG,  Germinated,

® Ungerminated spores in TYG ( 2ZNaCI)

Discussion

The severity of thermal processing has a marked influence on the pattern of microbial
spoilage of chub-packed luncheon meat stored at abusive temperatures. Those
degradative changes regarded as spoilage - surface softening, discolouration, gas
production and eventual product liquefaction - appear to be caused by the growth of
Bacillus species as these changes did not occur when Bacillus failed to grow. Thus,
extending the cooking time or increasing the cooking temperature, although capable of
eliminating Streptococcus species from the spoilage mictoflora, would not increase
product shelf-life unless all Bacillus spores are destroyed. A heat treatment to effect
such spore destruction appears incompatible with both emulsion stability and the shrink
properties of the casing material.

Oxygen availability within a luncheon meat chub influences both the site and rate of
growth of surviving spores and hence the shelf-life of the product. Rermoval of oxygen
from the meat emulsion and prevention of oxygen entry into the finished product by
packaging in oxygen-impermeable casings appear important if short periods of
temperature abuse are to be tolerated.

Luncheon meat contains approximately 2.5% NaCl (4% on a brine basis
concentration quite ineffective in preventing the growth of unheated S. faecium but
inhibitory to the growth of heat damaged cells. If heat-injured cells are to dev
cause product spoilage, they must regain viability and then grow in that product.
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