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Introduction

Cudjoe, K. S. and G. Kapperud: The effect of lactic acid sprays on Campylobacter
Jjejunum inoculated on poultry carcasses. Acta vet. scand. 1991, 32, 491-498. —
Spraying poultry carcasses with 1 % lactic acid 10 min after inoculation with Cam-
pylobacter jejuni, resulted in a significant reduction in the number of the bacteria
after 4 h at 4°C. Some of the inoculated cells, however, survived for at least 144 h.
Spraying 10 min after inoculation with 2 % lactic acid, totally eliminated all in-
oculated C. jejuni within 24 h. On the other hand, spraying 24 h after inoculation,
with either 1% or 2 % lactic acid did not eliminate all the bacteria. Inoculated
C. jejuni on poultry carcasses not sprayed with lactic acid, survived at 4°C through-
out the sampling period (up to 144 h) and showed little tendency to decrease in
number even when the carcasses started to deteriorate. Resident campylobacters
on poultry carcasses were significantly reduced by the lactic acid treatment. Frozen
and thawed chickens appeared to show a graying of the skins immediately after
spraying with lactic acid, slightly stronger with 2 % lactic acid, but the colour
reverted to normal after 24 h. We were not able to observe any colour change on
the fresh broiler chickens after lactic acid treatment. Our results indicated that
lactic acid had a significant bactericidal effect on C. jejuni on both naturally and
artificially contaminated poultry carcasses. This effect, however, became manifest
only several hours after acid treatment.

lactic acid decontamination.

During highly automated slaughtering pro-

Campylobacter jejuni is regarded as an im-
portant cause of acute human enteritis
(Skirrow 1977, Blaser et al. 1979). Epide-
miological and bacteriological evidence indi-
cate that foods of animal origin, especially
poultry, are the most important sources of
infection (Blaser et al. 1984). Poultry inten-
ded for human consumption is frequently
contaminated with C. jejuni belonging to the
same serotypes and biotypes as those re-
sponsible for human campylobacteriosis
(Rosef et al. 1984, Stern et al. 1984, Hood et
al. 1988). Case-control studies have incrim-
inated chicken consumption as a predomi-
nant risk factor associated with C. jejuni en-
teritis (Anon. 1984, Deming et al. 1987.).

cesses widespread contamination of carcas-
ses, equipment, working surfaces, processing
water, and the hands of operators takes
place (Hartog et al. 1983, QOosterom et al.
1983, Genigeorgis et al. 1986, Kasrazadeh
& Genigeorgis 1987, Clark & Bueschkens
1988).

Terminal decontamination using lactic acid
has been proposed to reduce the final con-
tamination of carcasses (Snijders et al.
1984). In earlier studies (Snijders et al. 1984,
Cudjoe 1988), lactic acid had a strong de-
contaminative effect on the total viable and
coliform counts on carcasses. Stern et al.
(1985), examining broiler chickens imme-
diately after lactic acid treatment, observed
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only a limited effect on the resident C. jejuni
flora. The possibility that the bactericidal
effect of lactic acid could become evident in
the course of time, was not addressed. We
have sprayed poultry carcasses artificially
contaminated with C. jejuni as well as na-
turally contaminated ones with lactic acid
and monitored the survival of the bacteria
for up to 6 days.

Materials and methods

Preparation of standardized C. jejuni
inoculum

A strain of C. jejuni biotype II (Lior 1984)
isolated previously from poultry (Cudjoe et
al. unpublished data) was kept frozen at
-70°C, resuscitated and screened for purity
by plating on blood agar 2 times. A loopful
of the fresh bacterial culture was inoculated
into each of 10 tubes containing 10 ml of
Preston enrichment broth without antibio-
tics (CM 67; SR 48; and SR 84; Oxoid Ltd.,
Basingstoke, Hampshire, England). Blood
agar plates and tubes containing the C. je-
Jjuni cultures were incubated for 24 h at 42°C
under microaerobic conditions, achieved in
anaerobic jars without catalyst, using gas
generating sachets (BR 38; Oxoid Ltd.). The
broth cultures were then centrifuged at 1500
x g for 15 min at 25°C and the supernatants
aspirated. The pellets were washed once
with 0.1 % sterile peptone water (Difco La-
boratories, Detroit, MI), centrifuged as be-
fore, and the final cell sediments pooled and
resuspended in 2.5 ml of 0.1 % sterile pep-
tone water at 37°C. The bacterial density
was adjusted to an absorbance of 1.38 at 620
nm, which corresponded to about 10°
cfu/ml. Before inoculation of carcasses, the
bacterial density of the inoculum was chec-
ked by plating 10-fold serial dilutions in
duplicate on Preston agar (CM 689, SR 48,
and SR 117; Oxoid, Ltd.) supplemented
with 1.8 % Bacto agar (Difco) to achieve a
total agar concentration of 3 %.
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Inoculation and spraying

Twenty ready-for-the-shop broiler chickens
from a breeder farm which had previously
been examined for Campylobacter and
found to be negative, were randomly selec-
ted and used for this study. To ascertain that
the carcasses were not naturally contamin-
ated with campylobacters, the sternal skin
surface of the selected carcasses were swab-
bed. The swabs were plated directly on Pre-
ston agar, and placed in Preston enrichment
broth with antibiotics (SR 117, Oxoid Ltd.)
for 24 h before plating 0.1 ml on Preston
agar. All incubations were performed as de-
scribed earlier. The carcasses were then
frozen at -20°C for 2 weeks for practical
reasons, thawed at refrigeration temperature
and a 60 cm? area marked on the sternal
skin surface of each. Into this marked skin
area, 1.0 ml of the standardized C.jejuni
culture was carefully and evenly inoculated
by using a fine tipped brush to give approx-
imately 1.7 x 10* cfu/cm?.

After 10 min of inoculation, 5 carcasses
were each sprayed with 100 ml of sterile di-
stilled water, 5 with 100 ml of 1% lactic
acid (E. Merck, Darmstadt, Germany), 5
with 100 ml of 2 % lactic acid, and 5 were
not sprayed. Spraying was performed uni-
formly over the delineated area using a 1 1
capacity domestic spray gun. During
spraying, each carcass was held in a vertical
position about 30 cm from the spray gun,
and excess acid or water was allowed to
drain off. The spray gun was calibrated to
deliver approximately 2 ml per ejection in a
fine mist. To maintain stable conditions and
avoid dehydration, carcasses were stored in
pairs in sterile metal boxes (65 x 22 x 22 cm)
with lids on at 4°C with sampling at 0, 2, 4,
24, 48 and 72 h (Experiment 1). A subjec-
tive visual color assessment was made on
each carcass after spraying and again at each
sampling time.
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In a 2nd trial (Experiment 2) 8 carcasses
were inoculated as above, and 2 sprayed
with distilled water, 2 with 1 % lactic acid, 2
with 2 % lactic acid, with the last 2 not
sprayed. Sampling was after 0, 48, 72, 96,
120 and 144 h.

In a 3rd trial (Experiment 3) 4 carcasses
were inoculated and sprayed with 1 % lactic
acid as above. Two were resprayed with 1 %
lactic acid 24 h later and the other 2 after 48
h. Sampling was after 0, 24, 48 and 72 h
after respraying.

Finally in Experiment 4, broiler chickens
not previously held frozen were inoculated
as above with 1.7 x 10? cfu/cm? and stored
at 4°C. After 24 h 2 were sprayed with 1 %
and 2 with 2 % lactic acid as above. Eight
carcasses determined as naturally contamin-
ated after swabbing their sternal skin surface
immediately after slaughter and plating the
swabs directly on Preston agar (see above),
were also sprayed 4 with 1 % and 4 with 2 %
lactic acid. Sampling was after 0, 24 and 48
h after spraying.

Recovery and enumeration

At the specified sampling periods, 10 cm?
from each delineated skin area was aseptic-
ally excised, weighed, and homogenized in a
Colworth 400 Stomacher (A. J. Seward,
London, England) with the appropriate vo-
lume (1:10 w/v) of 0.1 % peptone water.
Further 10-fold serial dilutions were made
in Preston enrichment broth without anti-
biotics, which were incubated microaero-
bically at 37°C for 2 h, to resuscitate suble-
thally injured cells (Humphery 1986). Ali-
quots of 0.1 ml of the dilutions were then
spread plated onto 3 % Preston agar in dup-
licate. Finally, 40 pl of the reconstituted
antibiotics (SR 117, Oxoid Ltd.) were added
to the tubes containing 1 ml of homogenate
in 9 ml of Preston enrichment broth, and
further enriched for 24 h microaerobically

at 42°C before plating 0.1 ml on Preston
agar. All plates were incubated microaero-
bically at 42°C and read after 48-60 h.
Enumerated colonies were examined by
phase contrast microscopy and further cha-
racterized by their ability to show catalase
and oxidase activity.

Statistical analyses

Numerical data was transformed to logarith-
mic values and the mean log counts
(cfu/cm?) calculated. Student’s t-test was
used to compare mean log counts from the
different treatments at 5 % significance level.

Results

Spraying poultry carcasses with 1 % or 2 %
lactic acid 10 min after inoculation with
C. jejuni biotype I, resulted in noticeable re-
ductions in numbers during subsequent sto-
rage at 4°C (Table 1). When the carcasses
were sprayed with 2 % lactic acid, significant
reductions were achieved 2 h after spraying,
and no campylobacters could be detected
after 24 h at 4°C either by direct plating or
by enrichment. On the other hand, although
1 % lactic acid significantly reduced the level
of the initial inoculum 4 h after spraying,
survivors could still be detected. On carcas-
ses not subjected to spraying, there was no
significant reductions in numbers while on
carcasses sprayed with distilled water num-
bers declined by less than a log cycle. When
the inoculated carcasses were resprayed (Ex-
periment 3) with 1 % lactic acid after 24 or
48 h storage at 4°C, C.jejuni was only de-
tected after enrichment (results not shown).
When fresh broiler chickens were inoculated
and stored at 4°C for 24 h before spraying
with either 1 % or 2 % lactic acid, the decon-
taminating effect of the lactic acid treatment
was much reduced (Table 2). However, no
campylobacters were detected from any of
the naturally contaminated carcasses
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Table 1. The effect of spraying previously frozen broiler chickens stored at
4°C with 1% and 2 % lactic acid, 10 min after inoculation with C. jejuni

biotype II.
Time (h)@ Number of C. jejuni (mean log cfu€/em? =1 SD)
Lactic acid

2% 1% Distilled water Not sprayed
Experiment 1:
0 4.07+0.06 3.98+0.20 4.30+0.25 4.14+0.16
2 2.95+0.85 3.61+0.56 4.07+0.15 4.32+0.06
4 2.05+1.68 3.08+0.54 4.11+0.13 4.30+0.10
24 ndb 2.64+1.36 3.95+0.31 4.17+0.26
48 nd 1.13+1.49 3.88+0.43 4.09+0.56
72 nd 0.84+1.07 3.48+0.52 391+0.30
Experiment 2:
0 4.01+0.03 4.09+0.03 4.37+0.34 4.21+0.12
48 nd 1.65+0.00 3.47+0.19 4.31+0.07
72 nd 1.65+0.00 3.74+0.04 3.94+0.01
96 nd 0.83+0.01 4.33+0.03 4.40+0.08
120 nd 0.83+0.01 3.90+0.05 3.88+0.42
144 nd 0.83+0.01 3.82+0.01 4.37+0.00

a Time in hours after spraying when samples were taken and examined, ex-
cept at time zero, when samples were taken before spraying. b nd: C. jejuni
not detected. ¢ cfu = Colony forming units.

sprayed with 2 % lactic acid or from 3 of the
4 sprayed with 1%. On the other sprayed
with 1% lactic acid, numbers remained
nearly constant.

Frozen and thawed chickens appeared to
show a graying of the skins immediately

after spraying with lactic acid, slightly stron-
ger with 2 % lactic acid, but the colour re-
verted to normal after 24 h. We were not
able to observe any colour change on the
fresh broiler chickens after lactic acid treat-
ment.

Table 2. The effect lactic acid treatment on inoculated C. jejuni biotype II
and naturally occurring campylobacters on fresh broiler chickens stored at 4°C.

Time (h)2 Number of C. jejuni (mean log cfu/em? + 1 SD)

Artificially contaminated

Naturally contaminated

2 % Lactic acid 1 % Lactic acid 2 % Lactic acid 1 % Lactic acid
Experiment 4:
0 4.06+0.05 4.09+0.01 1.57+0.07 1.43+0.04
24 3.06+0.19 3.84+0.03 ndb 0.95
48 2.20+0.24 3.68+0.09 nd 1.22

See Table 1 for legends.
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Discussion

The ability of organic acids to inhibit bacte-
rial growth on meat surface and eventually
kill the bacteria, has been reported by seve-
ral workers (Mountney & O’Malley 1965,
Belmuller et al. 1973, Itoh et al. 1976,
Baird-Parker 1980, Stern et al. 1985, Cuk et
al. 1987). Juven et al. (1988) noted that the
addition of ascorbic and isoascorbic acid to
meat samples experimentally inoculated
with C. jejuni, caused significant increase in
the death rate of the bacteria. Stern et al.
(1985) observed significant reductions in the
number of C. jejuni after 5 and 10 min ex-
posure to 1 % lactic acid at 5 and 50°C in
vitro. However, when broiler chickens na-
turally contaminated with C.jejuni were
immersed in 1 % lactic acid, no significant
reductions were obtained immediately after
the acid treatment. They attributed this ob-
servation to the short exposure time and the
possible protective effect provided by the
chicken carcasses. In contrast to the work of
Stern et al. (1985) we found that 1% and
2 % lactic acid sprays significantly reduced
the survival of inoculated C. jejuni on poul-
try carcasses as well as naturally contamin-
ated carcasses. After the carcasses had been
stored at 4°C for 24 h, drastic reductions and
a total die-off of the bacteria was achieved
for 1 % and 2 % lactic acid, respectively. In
order to give the bacteria ample time to
adhere to the skin surface before spraying
and to simulate the natural situation, we al-
lowed inoculum (1.7 x 103 cfu/cm?) to estab-
lish for 24 h at 4°C on fresh broiler chicken
before spraying with lactic acid. Further-
more naturally contaminated carcasses were
similarly sprayed. Again, our results con-
firmed the previous conclusion that lactic
acid significantly reduces campylobacter
numbers on poultry carcasses. What is how-
ever interesting, is the fact that we were not
able to eliminate all inoculated C.jejuni

with the 2 % lactic acid, while none of the
naturally contaminating campylobacters
survived the 2 % lactic acid treatment. Our
results indicate that lactic acid has a signifi-
cant bactericidal effect on C. jejuni on poul-
try carcasses. This effect, however, became
manifest only several hours after the acid
treatment. Our observation differs from
Stern et al. (1985) who observed only a li-
mited effect some few seconds after lactic
acid treatment. It is obvious from this and
earlier studies (Cudjoe 1988) that the effect
of lactic acid is also time dependent. This
became apparent when the lethal effect of
1 % lactic acid diminished probably due to
diffusion of the acid into the carcasses after
48 h (Table 1). The remaining C. jejuni cells
survived for 144 h on the carcasses with no
significant reduction in numbers. However,
respraying poultry carcasses with 1 % lactic
acid after 24 or 48 h, appeared to totally eli-
minate and/or sublethally injure the sur-
viving cells, since the campylobacters still
present required enrichment to become de-
tectable. Respraying, however, is not econo-
mically feasible and also not practically ap-
plicable under present circumstances.
Contrary to what Stern et al. (1985) repor-
ted, we observed no colour change in lactic
acid sprayed fresh broiler chickens. How-
ever, spraying frozen and thawed carcasses
with lactic acid, a slight graying of the skins
of the carcasses was observed immediately
after spraying, but this disappeared, and the
colour of all carcasses reverted to normal
after 24 h. The degree of subcutaneous fat
cover, the mode of applying the acid onto
the carcasses, the time elapsed after spraying
and/or the subjective evaluation of colour
development could account for the differen-
ces in results.

The bacteriostatic and bactericidal effect of
weak organic acids is related to the amount
of undissociated molecules present (Macris
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1975, Salmond et al. 1984). It is the undis-
sociated molecule of lipophilic organic acids
that is responsible for antimicrobial activity,
since they are readily soluble into cell
membranes and thereby inhibit or kill mi-
croorganisms by interfering with the per-
meability of the microbial cell membrane,
causing uncoupling of both substrate trans-
port and oxidative phosphorylation from the
electron transport system (Macris 1975,
Crammer & Prestegard 1977).

It is worth noting that the impact of the lac-
tic acid spray pressure in our study is con-
siderably less than what could be achieved
under slaughterhouse conditions, where a
higher mechanical pressure would direct the
acid sprays to all crevices and flushing out
weakly adhered cells. This could be parti-
cularly important where cross contamina-
tion has occurred along the slaughterline.
Furthermore, the number of bacterial cells
inoculated on the sternal skin surface were
far greater than are likely to be seen, even in
grossly contaminated carcasses. It is likely,
therefore, that spraying with lactic acid
could be of use in controlling C. jejuni con-
tamination of finished poultry carcasses. Yet
lactic acid sprays could never replace stan-
dard hygienic practice at slaughter. Its un-
restrained use as a terminal decontaminant
could mask bad hygiene both at slaughter
and at the farm level. The role of lactic acid
in the prevention and control of pathogenic
bacteria on carcasses should never be used
to replace other efforts to reduce C.jejuni
and other pathogenic bacteria at the farm
level or the slaughterhouse.
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Sammendrag

Effekten av melkesyre pa Campylobacter

Jjejuni inokulert pa fjorfeslakt.

Artikkelen omtaler effekten av melkesyre péd
Campylobacter jejuni pa overflaten av fijerfeslakt.
Resultatene viste at spraying av slaktene med 1 %
melkesyre 10 min etter inokulasjon med C. jejuni
ga en signifikant reduksjon av antallet bakterier
etter 4 timer ved 4°C. Noen av de inokulerte bak-
teriene viste seg imidlertid & kunne overleve minst
144 t. Bruk av 2 % melkesyre si ut til & eliminere
alle C.jejuni innen 24 t. Hvis melkesyrebehand-
lingen derimot ble utfort 24 t etter inokulering, ble
det ikke observert noen tilsvarende eliminasjon av
bakteriene hverken med 1% eller 2 % melkesyre.
P4 slakt som ikke ble behandlet med melkesyre,
overlevde C. jejuni giennom hele forsgksperioden
(144 t) ved 4°C. I Ippet av denne tiden viste bakte-
rien bare liten tendens til reduksjon i antall selv
om slaktene viste tegn pd begynnende forritnelse.
Fjorfeslakt som var naturlig infisert med Campy-
lobacter, viste en signifikant reduksjon av antall
Campylobacter-bakterier etter melkesyrebehand-
ling. Melkesyrebehandlingen farte til en gré mis-
fargning av de frosne slaktene, s@rlig ved bruk av
2 % melkesyre, men denne fargen forsvant etter 24
timer. Ferske fjorfeslakt viste ingen fargeforan-
dring etter melkesyrebehandling. Resultatene viser
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at melkesyre har en signifikant baktericid effekt sert fjorfeslakt. Denne effekten viste seg imidlertid
overfor C.jejuni pa bade naturlig og kunstig infi- forst mange timer etter behandling.
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