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HXNNINEN, MARJA-LIISA: Survival of Campglobacter jejunijcoli
in ground refrigerated and in ground frozen beef liver and in frozen
broiler carcasses'. Acta vet. scand. 19181, 22, 5'66-S77. - Survival of
5 strains of Campylobacter jejuni/coli in ground beef liver stored at
4° C and at -200 C was studied, After 6 days of storage at 4 0 C the
beef liver was spoiled, which was indicated by APC log 7.25 and
lactobacilli count log 7.0. During this storage, Campylobacter counts, de
creased only slightly. After 12 weeks of storage at _20 0 C Campylo
bacter counts decreased by 2-3 logs in frozen ground beef liver. Sur
vival of 4 strains of C. [ejuni/ coli on frozen broiler carcasses was also
studied. Two inoculation levels" 103-104 / g and 104-1,05/g were used.
On frozen broiler carcasses Campylobacter counts decreased by

logs during 12 weeks at _200 C.

C. j e j u n i; ref rig era ted s tor age; fro zen s tor age;
bee f I i v e r; b r 0 i I e r chi c ken.

Campylobacter jejuni/coli is a common inhabitant of the gut
of healthy poultry, wild birds, swine, sheep and cattle (Smibert
1978), which has been known since 1946 to cause human gastro
enteritis (Levy 1946). C. jejuni/coli often seems, to be harboured
in the caecum of broiler chickens (Bruce et ale 1977, Grant et ale
1980, Hiinninen & Raeiniori 1981, Persson 1981) or in chicken
carcasses (Smith & Muldoon 1974, Bruce et al.). Of the: samples
studied by different authors" 1-68 % of chicken caecal contents
and 1.8-62 % of chicken carcasses were positive. Bovine bile
has also been shown to be a source: of campylobacters (Bryner
et ale 1964). The bacteria tolerate: 10-30 % bovine bile in the
cultivation medium (Schneider & Morse 1955).
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Foods of animal origin, especially milk (Levy 1946, Robinson
et ale 1979, Taylor et ale 1979) and poultry (Brouwer et ale 1979),
have been suspected of acting as vehicles in certain foodborne
epidemics. The tolerance of C. jejuni/coli for the additives used
for food preservation is not known, but they are sensitive to NaCI
(Hiinninen 1981). They do not grow at room or refrigeration
temperatures (Smibert 1974), but they have been shown to sur
vive in water, human urine and milk (Blaser et ale 1980). In
general the survival of C. jejuni/coli in different food.s and under
different storage conditions is, poorly known.

The present study was undertaken to determine the effect of
refrigeration at 4 0 C and frozen storage on the survival of C.
jejuni/coli strains isolated from animals and man in raw ground
beef liver and broiler carcasses.

MATERIALS AND METHODS

Bacterial strains and media

The C. jejuni/coli cultures used in this study were isolated
from bovine (NI49), chicken (B42), ovine (L69) and porcine
(SI7) gut (Hiinninen & Raevuori 1981). Strains 5616 and 6407
were isolated from human gastroenteritis by T. Kosunen, Depart
ment of Bacteriology and Immunology, University of Helsinki.
After isolation, the strains were stored frozen at -20 0 C. For the
inoculation of beef liver and chicken carcasses, the strains. were
transferred to fresh Brucella broth (Difco) and incubated micro
aerophilically (N2 85 %, CO2 10 %,°2 5 %) at 35 0 C for 42-48 h.
In the refrigeration studies, strains L69, B42, S17, N149' and 6407
were used. In the studies of frozen beef liver an.d broiler car
casses, the strains used were L69, B42, S17, 5616 and 6407.

For colony counts of C. jejuni/coli a modification of the
medium developed by Skirrow (1977) was used, containing 5 %
calf blood Instead of horse blood. The plates were incubated
microaerophilically at 42 0 C for 2 days. As a diJution fluid, 0.1 %
pepton.e water was used.

Inoculations and cultivations

a. Bee f 1i v e r. Fresh beef liver was purchased from an abat
toir, ground aseptically soon after delivery and divided into
sterile glass blender jars, approximately 600 g per jar. For inocu
lation, 20 ml of a Brucella broth culture of a C. jejuni/coli strain
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was mixed thoroughly with the ground liver. The inoculation
level used was 105-106 cells per g of liver. The glass. jars were
stored at 4 0 C covered with aluminium foil for survival studies
at refrigeration temperature.

For the study of survival of C. jejuni/coli in frozen beef liver,
the samples were prepared and inoculated similarly as above.
The inoculated ground liver was divided into 12 portions of 50 g
each, which were packed aseptically in polyethene plastic bags
and stored frozen at -20 0 C.

In the survival studies at 4 0 C, two 10 g samples were taken
from the ground liver for colony counts of campylobacters before
inoculation, after inoculation and daily durin.g 6 days. The sam
ples were homogenized with 90 ml of 0.1 % peptone water for
30 s, Tenfold dilutions were made in 90 ml peptone water, and
0.1 ml of each dilution was spread on modified Skirrow medium.
The Incubation of the plates took place as described above. The
pH of the liver was measured and an organoleptic evaluation
was made daily during the study.

In addition, aerobic plate count (Plate Count Agar, 30 0 C/
72 h) and counts of lactobacilli (Selective Lactobacillus Agar,
30 0 C/5 days) coliform bacteria (Violet Red Bile Agar, 35 0 C/
24 h) and faecal streptococci (Slanetz Bartley Agar, 35 0 C/48 h)
were performed on the day of inoculation and on the 3rd and
6th day of storage. All the media were from Orion Diagnostica,
Finland.

The survival of C .jejuni/coli in frozen beef liver was exa
mined after storage for 0, 3, 6 and 12 weeks. Two 50 g samples
of the liver were thawed at 4 0 C. A 10 g sample of each 50 g por
tion was analyzed for Campylobacter as described in the survival
studies at 4 0 C. The samples were also analyzed for aerobic plate
count (APC) and coliform bacteria. The remaining portions. of
40 g were kept at 4 0 C for 2 days and analyzed for Campylobacter
as before.
b. B r 0 i I ere arc ass e s. Frozen broilers were purchased
from a local retail store and thawed at 4 0 C overnight. Each car
sass was divided into 5 portions. Prior to inoculation" Campylo
bacter cultivation was carried out from the skin for the detection
of possible natural contamination. Each portion was then dipped
for 3' min in a mixture of Brucella broth and peptone water
(1: 3), to which the strain of C. jejuni/coli in question was
added. The number of Campylobacter cells in the dipping fluid
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was adjusted to approximately either 105-106 cells per ml or
103-104 cells per ml. After inoculation the portions were packed
individually in polyethene plastic bags and stored at -20 0 C.
Two inoculated samples for each of the Campylobacter strains
studied were examined immediately after dipping by taking a
10 g sample of the skin, which was analyzed for the initial count
of C. jejuni/coli as de-scribed in the survival studies at 4 0 C. After
storage for 3, 6, 9 and 12 weeks, the 2 bags were thawed for 12 h
at 4 0 C, and 1 sample of 10 g from the skin and 1 sample of 1 ml
from the drip of both bags were taken for the Campylobacter
count. The thawed samples were stored at 4 0 C for 2 days and
Campylobacter counts were again made from the skin and drip.

RESULTS
Refrigerated storage of ground beef liver

The survival of 5 Campylobacter strains, the log numbers of
aerobic bacteria, lactobacilli, coliform bacteria and faecal strepto
cocci, and the changes in pH value during 6 days of storage of
ground raw beef liver at 4 0 C are presented in Table 1. The
storage of ground beef liver at refrigeration temperature had no
effect on the survival of C. jejuni/coli strains over the study
period. The log number of Campylobacter cells decreased only

Table 1. Log numbers per g (mean:±s) of Campylobacter jejuni/
coli, aerobic plate count, faecal streptococci, coliform bacteria and
Iactohacifli as well as changes of pH value in ground beef liver stored

at 4 °C for 6 days.

Days of storage

Nl 0 1 2 3 4 5 6

Strain of C. jejuni/coli
L69 2 5.55 5.52 5.45 5.16 5.70 5.51 5.25
S17 2 5.8-5 5.9,2 5.61 5.67 5.75 5.68 5.60
6407 2 6.30 6.30 6.11 5.9,7 5.64 5.9'9 5.90
B42 2 6.19 6.00 6.10 5.90 5.80 5.6·2 5.90
N149 2 6.30 6.60 6.30 6.30 6.25 6.00 6.30

Aerobic plate count 6 5.87±O.05 6.77±0.O2 7.25±0.07
Faecal streptococci' 6 3.55±0.45 3.72±0.60 4.05±0.O6
Coliform bacteria 6 2.90±0.10 3.20±0.24 3.25±0.13
Lactobacilli 6 4.40±0.10 6.02±0.10 7.00±0.04
pH 6.35 6.30 6.30 6.00 5.90 5.80 5.75

1 number of samples.
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slightly. During 6 days of storage the aerobic count increased
about 1.4 logs, indicating mainly the growth of psychotrophlc
organisms. The lactobacilli count increased about 2.6 logs" indi
cating that Gram-positive lactic acid bacteria are able to grow
in ground beef liver at refrigeration temperature and that they
form the dominant species in liver spoilage. Analysis for Cam
pylobacter was not carried out after 6 days, since the samples
had deteriorated so much as to be unfit for human consumption.

During the observation period the pH value decreased from
6.3 to 5.75. The liver was evaluated as organoleptically sour on
the 5th day of storage.

The count of faecal streptococci increased only slightly during
6 days and the count of coliform bacteria remained unchanged.

Frozen storaqe of ground beef liver

The results concerning the survival of C. jejuni/coli in frozen
ground beef liver are shown in Fig. 1. The inoculation levels
used were log 6.53-6.75 per g of liver. The Campylobacter
counts decreased during storage of 12 weeks, by 2-3 logs. The
counts decreased most considerably during the initial days of
storage, when approximately 90 % of the Campylobacter became
unviable. The mean aerobic plate count was log 4.87±0.15, the
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Fig u r e 1. Survival of C. jejunijcoli strains (S17 0, L69 0, 5616e,
N149 6, and B42A) in ground beef liver at -20 "C for 12 weeks.
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mean coliform count log 2.50±0.36 and pH value 6.3±0.1 in the
samples taken during the experimental period.

The influence of thawing and subsequent storage on the
Campylobacter count is presented in Table 2. After 2 days of
storage of the thawed samples at 4° C, 60-70 % of the organisms
were viable.

Frozen storage of broiler carcasses

The survival of Campylobacter strains on the skin and in the
drip is shown in Figs. 2a and 2b. For the chicken strain B42
and for the human strains 2 different inoculation levels were
used, indicating high and low initial contamination level. During
the experimental period of 12 weeks, Campylobacter counts of
all strains decreased both in skin samples and in those of drip.
The decrease for animal strains was about 2 logs in both the
skin and the drip samples at the higher contamination level. The
human strains 5616 and 6407 were less affected by storage. The
decrease in the Campylobacter count was less than 0.5 log in
both the skin and the drip samples for strain 5616. The cell
counts of strain 6407 decreased by about 0.5 and 1 log, respec
tively. The Campylobacter counts during the whole study period
were higher in all the drip samples than in the skin samples,
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Fig u r e 2 a (left). Survival of C. jejuni/coli strains (L69 0, 5616 .,
B42 A, and 6407 II) on skin samples of broilers at -20°C for 12

weeks.

Fig u r e 2 b (right). Survival of C. jejuni/coli strains (L690, 5616.,
B42 A, and 640711) in the drip of broilers at -20°C for 12 weeks.
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Tab I e 2. The effect of thawing and subsequent storage for 2 days
at 4 0 C on the count of C. jejuni/coli in ground beef liver and broiler

carcasses.

Means and standard deviations (±) of the differences
between the log numbers/rnl of Campylobacter cells!

Strain Ground beef liver Broiler carcasses
skin drip

5616
L69
B42
S17
N149

3
3
3
3
3

O.38,±O.10
O.25±O.13
O.35±O.07
O.17±O.22
O.45±O.48

6 O.28±O.19 O.28±O.17

1 log number of Campylobacter cells immediately after thawing
log number of Campolybacter cells after storage of samples at 4 0 C
for 2 days.

2 number of samples.

After 2 days of storage of samples at 4 0 C a roughly 50 % of
the Campylobacter were unviable, This analysis was made only
for the human strain 5616. The results are presented in Table 2.

DISCUSSION

Refrigerated storage of beef liver

During evisceration, beef liver can be contaminated by in
testinal bacteria such as Salmonella or other intestinal patho
gens (Kampelmacher 1963). As of today no report has been
published indicating the contamination rate of beef carcasses or
liver by bovine intestinal C. jejuni/coli. The contamination rate
should be low, according to the results obtained in a survey
where approximately 4 % of 200 bovine faecal samples examined
were positive (Hiinninen & Raevuori 1981). There is only one
reference in which raw beef liver is suspected as the vehicle in
human Campylobacter infection (Soonattrakul et ale 1971).

The Campolybacter strains examined survived well in ground
beef liver at refrigeration temperature. The contamination levels
used were very high compared to the natural contamination level,
which apparently, as has been proven with other enteric pa
thogens such as Salmonella (Ayres et ale 1980), is quite low.
Although the ground beef liver was stored normally in air, not
mlcroaerophilically, this had no effect on Campylobacter survi
val. The low storage temperature seems, to be advantageous for
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Campylobacter, as has been confirmed also by in vitro studies
(Blaser et ale 1980). The reason for this is probably the fact that
the resting cells are not so' sensitive to external stress factors as
are cells near or at the cell growth temperature.

In this experiment the growth of spoilage flora, faecal conta
mination indicator organisms; pH and organoleptic changes in
beef liver were also followed. Due to the high glycogen content
of liver the predominant species in spoilage have been shown to
be lactic acid bacteria, rather than Gram-negative rods as in the
usual spoilage of meat (Sheleff 1975). The growth of lactobacilli
did not seem to have any antagonistic effect on Campylobacter
under the conditions of the experiment, although the lactobacilli
used as food starter cultures usually do have a strong antago
nistic effect on Gram-negative food-borne pathogens (Hurst
1973) .

When the beef liver begins to spoil, the pH falls below 6.0 due
to growth of lactobacilli (Sheleff). The pH fall had no effect on
the Campylobacter count. It has been shown in vitro that a pH
over 3.5 in a microbiologicall culture medium does not inhibit
the survival of C. jejuni/coli (Blaser et al.).

Frozen storage

Bee f 1 i ve r. Beef liver is commonly stored frozen. If it is
contaminated by a Campylobacter strain pathogenic for man,
this will, as the present study indicates, survive the freezing and
thawing process. There is, however, usually no risk of food-borne
Campylobacter enteritis, since cooking easily kills the bacterium.
The theoretical risk occurs during the thawing of the frozen
liver, by cross-contamination of raw salads or other uncooked
foods. The Campylobacter seems to behave as typical Gram-nega
tive bacteria in frozen foods; the freezing process decreases bac
terial viability (Ingram 1951). The present work shows that the
most sudden killing of Campylobacter occurs at the beginning of
frozen storage, probably during the freezing process.

It has heen shown, e.g. with Y. enterocolitica (Hanna et al.
1977), that beef inoculated with 106•5 cells/g had, after 28 days
of frozen storage, about 10 viable cells/g. It has also been con
firmed that high-temperature mesophiles are more sensitive to
the lethal effect of freezing than low-temperature mesophiles
(Farrell & Rose 1967).

The effect of the freezing temperature during the freezing
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process is of importance for microbial survival, lower tempera
tures being less deleterious than higher ones (Ayres et ale 1980).
The freezing temperature used in this study was lower, but the
storage temperature was the same as that commonly used in
food industry. Beef liver is recommended to be stored frozen no
more than 4 months at -17.8 0 C (Tressler 1960). The present
study has shown that 3 months. frozen storage is not enough to
destroy all campylobacters, if the contami.nation level is high.

B r 0 il e rca rca s s e s. Cross contamination of poultry car
casses by intestinal C. jejuni./coli can easily occur during slaugh
tering and processing, especially durin.g cold water chilling. It
has recently been shown that C. jejuni./coli resists the processing
conditions of poultry slaughter, i.ncluding the: chlorination of
water (Simmons & Gibbs 19'79). The results of the present study
show that Campylobacter will survive the frozen storage of
broiler carcasses, although the amount of viable bacteria does
decrease considerably. The results are comparable to the results
obtained with frozen beef liver.

The results. further showed that Campylobacter survives well
in thawed poultry at refrigeration temperature before prepara
tion for food. During the thawing process the thawing water can
cross-contaminate other foods which are eaten without cooking.
The cross-contamination of other foods with C. jejuni/coli is
probably not so dangerous as e.g. with. Salmonella, since C. je
juni./coli does not grow at normal food handling temperatures.
As of now only one large foodborne Campylobacter epidemic has
been reported in which broilers have been suspected as the ve
hicle (Brouwer et ale 1979). An association, however, has fre
quently been demonstrated in Campylobacter enteritis. between
the human disease and contact with chickens harbouring the
organisms, whether at the farm, in the butcher's shop, or in the
home (Blaser et ale 1979). Since the natural contamination level
is probably much lower than that used in the present study, the
killing effect of freezing on small amounts of bacteria could
make them undetectable by present cultivations. methods, If food
proves to be an important vehicle i.n Campylohacter infections,
more sensitive methods, including enrichment procedures, will
have to be developed.

More work is needed to determine which samples. from the
chicken carcass give the most reliable results in the detection of
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c. jejuni/coli. In the present study, the Campylobacter counts
were always somewhat higher in the drip samples than in the
skin samples. This may be due either to the attachment proce
dure of Campylobacter, in that the strains examined did not
attach well to the skin, or to the fact that drip is rich in nutrients,
has a good buffering capacity and protects, the organism from
the killing effect of air.

The Skirrow type medium used in the studies proved to be
satisfactory in the detection of C. jejuni/coli in foods. The
growth of the indigenous flora of foods was not fully inhibited.
We have noted that when bacitracin is added to the medium,
the growth of certain indigenous bacteria of foods, especially
ex-haemolytic streptococci, is inhibited. The addition of ampho
tericin B, as is recommended (Blaser et ale 1979), inhibits the
growth of molds, which are usual in food samples. If fresh moist
medium was used for the plating of samples" the colonies. had a
tendency to spread on the plate and were difficult to count. By
drying the plates before cultivation or by raising the agar con
centration to 2 % this problem could be avoided. Typically there
may be 2 types of Campylobacter colonies on the same plate:
one spread out and irregular, the other small, convex and round.

CONCLUSIONS

The survival of C. jejuni/coli in ground beef liver was not
affected by storage of the liver samples at 4 0 C for 6 days. During
frozen storage at -20 0 C of ground beef liver and broiler sam
ples for 12 weeks Campylobacter counts decreased considerably,
although they were still detectable after this time, The survival
of C. jejuni/coli was better in the drip samples. than on the skin
samples of broilers. The Skirrow typ'e medium which was used
in the detection of C. jejuni/coli was satisfactory, Studies are
needed to determine the effectiveness of methods originally de
veloped for the isolation of C. jejuni/coli from stools in the reco
very of low numbers of C. jejuni/coli from foods.
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SAMMANFATTNING
Forekomsten av inokulerade Campylobacter jejuni/coli bakterier, t
malen niitleoer efter nedkyling eller djupfrysning och i broilers efter

djupfrysning.
Fern stammar av C. jejuni/coti inoculerades i malen nktlever och

fore,koms,ten av dessa foljdes under 6 dagar i 4 0 C och under 12 veckor
i _2.0 0 C. Etter 6 dagar i 4 0 C var den malna Ievern fordarvad, vilket
manifesterades av totalantalet av bakterier, log 7.25, oeh av antalet
laktobasilli, log 7.0. Under fonnaringen av malen lever i 4 0 C blev an
talet av Campylobacter celler nastan oforandrad. Efter 12 veckor i
._20 0 C minskade antalet av C. jejuni/coli celler med 2 till 3 logs i
malen lever.

Forekomsten av C. jejuni/coti i djupfrysta broiler forvarade i
-20 0 C for 12 veckor undersoktes ocksa. I djupfrysta broilers, min
skade antalet av C. jejuni/coli celler med 0.5 till 2.0 logs under 12
veckor i _20 0 c.
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