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SUMMARY

Ground meat, fresh Sausage, pasteurized milk and ice cream
were  experimentally contaminated, using a combination of
two virulent Yersinia enterocolitica strains, and stored at differ-
ent  temperatures. When inoculated ground meat, sausage and
pasteurized milk were stored at 259C (0 - 48h) or at 4°C
(o - 7 'days), large increase in Y. enterocolitica count occurred.
Extensive reduction in the counts of Y. enterocolitica occurred
during frozen storage (-20°C) of inoculated ground meat and
Sausage, while a slight decrease was noted with inoculated

ice cream samples. Public health implications of these findings
are discussed.

INTRODUCTION

Yersinia enterocolitica infections in human have been recognized with increasing frequen-
Cy in recent vyears. Gastroenteritis is the most common  clinical association, particularly in
young children {DELMORE, et al. 1974 and KOHL, et al. 1977), pseudoappendicitis (JEPSEN,
et al. 1976}, non suppurative arthritis (WINBLAD, 1975) are also described. Although the epid-
emiology of Y. enterocolitica is not fully established, contact with infected animals, person
to person transmission within an infected family or consumption of contaminated food have
been mentioned as modes of transmission (GUTMAN, et al. 1973).

Y. enterocolitica has been isolated from various foods, including beef, pork, milk and
ice cream (LEE, 1977). It has also been proposed as possible agents of toxin production in
food (BOYCE, Bt al. 197% FRANCIS, et al. 1980 and KAPPERUD and LANGELAND, 1981).
Available data indicate that _Y. enterocolitica enterotoxin may be able to resist the temperat-
ures used in {food processing and storage (BOYCE, et al. 1979). Large outbreaks of food-
bome - yersiniosis in the .S, (BLACK, et sl 1978), Czethosiovakia (OLSOVSKY, et al. 1975),
Japan (ZEN-YOIl, et al. 1973) and in Canada (Health and Welfare, Canada 1976) have led
to world-wide inve;t?ga_t—ions of foods as a vehicle of Y. enterocolitica infectinns.

Since, there are very few published reports on the survival of Y. enterocalitica in Egypt-
ian foodstuffs (AHMAD, et al. 1986), the purpose of this study was to evaluate the role of
storage temperstures in ?orgolling the growth of virulent Y. enterocolitica in ground meat,
sausage, pasteurized milk and ice cream.
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MATERIAL and METHODS

Dituwen:

The two Y. enterocclitica cultures used in this study included a virulent strain, (3675
serotype 0:3) and the strain (2635 serotype 0:8), that caused the chocolate milk outbreak.
These strains were obtained from the Food Research Institute, University of Wisconsin, Madison,
US.A pool of the two strains was formed from individual 18 h cultures grown at 25 C in

brain heart infusion broth (Oxoid) before it was used as inoculum.

Food samples

The following foodstuffs were chosen primarily because of their previous implications
in food-borne outbreaks.

- Ground meat: red cattle meat, obtained from Assiut slaughter house was ground in the
laboratory under steriie conditions.

-  Sausage: Egyptian fresh sausage was prepared to contain 77% meat, 20% fat, 1% spices
and 2% NaCl by the method described by EL-KHATEIB and ABDEL-RAHMAN (1987).

- Pasteurized milk: Whole raw milk was collected from the farm of the Faculty of Agre.,
Assiut Univ., end pasteurized in the laboratory by heating in thermostatically controlled
water bath at 63°C for 30 min.

- lce cream: Ice cream samples in their containers were obtained from a local grocery.

Samples of ground meat, sausage and ice cream were screened for Y. enterocolitica
by enrichment at 4°C and KOH postenrichment treatment (AULISIO, et al. 1980) and stored
at -20°C. Those samples confirmed as negative for the organism were used for inoculation
studies.

Inoculation:

Enough of the pool culture was added to the well mixed food ssmple to provide about
10” cells/g or ml. After thorough mixing, inoculated ground mest and sausage samples were
stored at 25, 4, 0 and -20°C; pasteurized milk at 25 and 4°C; while ice cream samples were
held at 0 and -20°C.

Enumeration procedures:

Food samples and their dilutions were surface plated onto Cefsulodin lrgasan Novobiocin
(CIN) plates (SCHIEMANN, 1979) for Y. enterocolitica counts, and onto Standard Plate Count
(SPC) agar plates (MARTH, 1978) for aerobic plate counts. CIN plates were incubated at
25°C for 4Bh. Identification of typical colonies presumed to be Y. enterccolitica was done
using the API-20E strips (Analytab Products, Plain-View, NY). SPC plates were incubated
at 32°C for 48h. Cell numbers were determined at 0, 6, 12, 18, 24 and 48h for foodstuffs
stored at 25°C; at 0, 1, 3, 5 and 7 days for those held at 4°C; at 0, 1 and 2 weseks for
those stored at 0°C; and at 0, 1, 2, 3 and 5 weeks for foods stored at -20°C.

RESULTS

The obtained results are illustrated in figures 1-4 and Table (1).

Assiut Vet.Med.l Vol. 20, No. 40, 1988.
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DISCUSSION

Growth of the two pooled strains of Y. enterocolitica in ground meat, fresh caussge
and pasteurized milk held at 25°C as calculated from confirmed colonies on CIN plates is
presented in Fig. {1). Increases in Y. enterocolitica in these foodstuifs after 26h. weoz 2.1,
0.8 and 3.4 logs, and after 48 h 2.8, 1.7 and 4.3 logs, respsctively. Aerobic nlite countz (APC)
of inoculated fcodstuffs after inoculation and . during storage are summarized in Table (i)
The means, of APC per g or,ml. of ground meat, sausage and past%lrized ﬁﬂf”( after inoculation

L

were 4x10, €x10 and 5x10° cells; after 48 h at 25°C were 7x10 . 1x10 cell. respeciively.

The initial Y. enterocolitica inoculum developed 3.1, 1.8 and 3.4 legs in ground meat,
sausage and pasteurized milk samples starech at 4°C 1 7 days, respectively {Fig. Z). The
APC in these foodstuffs averaged 3x10 , 1x10° and 1x10 , respectively, at that time.

The growth of Y. enterocolitica in above foodstuffs at 4°C reflects the psychrotrophic
capability of the organism and makes it unigue among enteropathogens. The data of Y. entero-
colitica development in ground meat are in general agreement with observation by HANNA,
et al. (1977 2). In the same year, HANNA, et al. (1977 b) showed that Y. enierocolitice could
be detected even in the presence of large numbers of competing microorgznisms. Similar
results were obtained in this study. STERN, et al. (1980) indicated that Y. enterococlitica nas
the capability for growth in milk at refrigeration and room temperatures, but is poor compet-
itor with common spoilage organisms. The differences in counts of Y. enterocolitica obtained
in this investigation may have been caused by differences in the level and type of microbia!
flora that developed on ground meat, sausage and pasteurized milk during storage.

In genersl, growth of Y. enterocolitica in ground meat and sausage curing the first

7 days was considerably high;; at 4°C than at 0°C (Fig. 2 & 3). Increases in Y. enterccolitica
5

counts in ground meat, sausage and ice cream after 2 weeks at 09C were 1.5 0.3 and 1.4
logs, respectively.

In subsequent trials, ground meat, sausage and ice cream samples ino~ulatad with Y.
enterocolitica were stored at -20°C for 5 weeks. Extensive reduction in the counis of Y.
enterocolitica occurred during frozen storage (-20°C) of inoculsted ground meat and sausag?
samples, while, a slight decrease was noted with ice cream stored at the same temperature
(Fig. 4). 2.3, 3.1 and 0.6 logs reduction in the counts of Y. enterccolitica inoculatzd intg
ment;oned foodstuffs were cbserved after 5 weeks when the initial incculums wers 4x10 .
2x10° and 3x10° cells/g., respectively.

It is clear from the foregoing that Y. enterocolitica were found to have survival propsri-
ies in ground weat similar to those reported by EL-ZAWAHRY and ROWLEY (1979). They
found that when ground beef inoculated with Y. enterocolitica was stored at -20°C iac 30
days, aproximately B3% of the inoculated cells were destroyed. HANNA, et al. (1977 c) also
reported both injury and inactivation of Y. enterocolitica in beef stored at -18 to -20°0.

In this respect, reports concerning the growth and survival of Y. enterocclitica in sausege
and ice cream is still opened for further investigation. However, the organism has been isola‘ed
from ice cream by some investigations (MOLLARET, et al. 1972 and DELMAS and ViD3),
1985).

9
In one study involving human volunteers, an oral doss of 3.5x10 Y. enterocolitica was
needed to provoke diseae (MORRIS and FEELEY, 1976). Based on the above study and assumpt-
ion that at least 100 g. or more of ground meat or sausage are consumed at one time, then

Assiut Vet.Med.). Vol. 20, No. 430, 1988.
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7
about 10 Y. enterocolitica/q. are needed to cause illness. The same will occur if 200 mi.
of pasteurized milk are consumed. In this study, Y. enterocolitica may reach infective level
in ground meat, sausage or pasteurized milk within a few days at 25°C as well as 4°C.

Certain types of fermented sausage, such as some dry sausages are not heat treated
(KRAMLICH, 1978). In addition, if contaminated foodstuffs serve as an ingredient in certain
other foods, this may present a potential problem. Other investigators have found that Y.
enterocclitica can survive during refrigerated storage in water for at least 6 months (HARVEY.
et al. 1976).

Storage of ground meat, sausage and ice cream at -20°C (Fig. 4) controlled the growth
of virulent Y. enterocolitica and kept them below the 10 cells/g. level. This is a substantial
contribution to the safety of storage of foodstufis at deep freezing temperatures.

In conclusion, the results presented in this study indicated that Y. enterocolitica can
grow to high and therefore presumably hazardous levels in foodstuffs stored at domestic refrig-
eration temperature (4 C). In a warm atmosphere (25 C), if the foodstuff is kept for a prolong-
ed period (24-48h.), could be a hazard. Presence of even small numbers of virulent Y. entero-
colitica in a foodstuff presents a potential health hazard and should not be igncred.
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Table (1)
Aerobic plate counts of stored food samples at different temperatures

hours / 25 C days / 4 C weeks / 0 C weeks / -20 C
Food
0 6 12 18 2% 48 1 3 5 7 0 1 2 1 2 3 5
9
Ground meat  8x10°  2x10° Bx10° 1x10 sx10'® %10 1x10® a0’ 2x1w0° 0’ ot Bl ol AN 200 - 5x10”
7
Sausage ex10® 1x10” sx10® 3x10° 2x10"° x10' sant wio' w0 wWh e P R o SR Ne. S Y |
i 1
umw.ﬂaa.ma sx10® 2x10° 26107 7100 2x10° 510" 3x10’ 2x10° 3x10'° 10" . % p % . 2 ”
Ice cream - - - - - - - - - - mx.Eu Niam Nx..cm uxsq Nx,_cu axﬂom _x:..._m
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