
Journal of Food Safety and Food Quality 72, Heft 6 (2021), Seiten 177–214192

The contents are protected by copyright. The distribution by unauthorized third parties is prohibited.

Arch Lebensmittelhyg 72,
192–201 (2021)
DOI 10.2376/0003-925X-72-192

© M. & H. Schaper GmbH & Co.
ISSN 0003-925X

Korrespondenzadresse:
ali.al-sakkaf@lincolnuni.ac.nz

Institute of Food, Nutrition and Human Health, Massey University, Palmerston North 4442, 
New Zealand

Survival of Campylobacter jejuni under 
 oxidative stress at different temperatures 
and atmospheres

Überleben von Campylobacter jejuni unter oxidativem Stress 
bei verschiedenen Temperaturen und Atmosphären

Ali Al-Sakkaf

Summary  New Zealand (NZ) has a higher rate of reported campylobacteriosis than most of the 
developed world. One possible reason for the higher rate is that local Campylobacter 
strains have a greater ability for survival. The objective of this study was to investigate the 
oxygen tolerance of local isolates. The study will focus on the most implicated isolates 
(ST-474, ST-48, ST-190) in human cases. These isolates tested: 1) broth culture in a flask 
exposed to atmospheric oxygen; 2) spread plating on agar and exposed to atmospheric 
oxygen; (3) plating on Muller Hinton Agar onto which filter discs inoculated with 10 μl 
of 1mM, 10mM, 100mM, or 1 M hydrogen peroxide (H

2
O

2
), after which, the inhibition 

zone was assessed.
    C. jejuni strains exposed to air (for 1 and 2) survived longer at a lower temperature 

(4°C >10°C >20°C >25°C). At 4°C, the strains could survive for between three weeks 
to more than four weeks in broth or agar microaerobically (5% O

2
, 10% CO

2
 and 85% 

N
2
) and for about three weeks aerobically. Whereas, at 10°C the survival was up to two 

weeks, and at 20°C or 25°C, survival was about a week or less than a week. Exposure 
to H

2
O

2
 revealed that Campylobacter strains tested were sensitive to all concentrations, 

except the lowest (1 mM). The novelty of this study is that no previous study has dispro-
ved the hypothesis of New Zealand Campylobacter strains that they are more oxygen 
tolerance than most of the other international Campylobacter strains. The higher NZ rate 
of reported campylobacteriosis compared to other developed countries is possibly due to 
other factors.
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Introduction

Campylobacter is considered as the greatest bacterial cau-
sative agent of gastrointestinal disease in humans (Allos 
and Acheson 2001). Campylobacter strains survive well in 
modified atmosphere and vacuum packaging, but poorly 
at atmospheric oxygen concentrations (21%) (Kelly 2008). 
Campylobacter spp. are harboured in many wild and do-
mestic warm-blooded animals. These pathogens do not 
survive well in the environment when compared to other 
bacterial foodborne pathogens, such as Listeria and Sal-
monella. These organisms are unable to grow in the pre-
sence of air, and traditionally, a microaerobic mix (5% O2, 
10% CO2, and 85% N2) and high temperature (42°C) have 
been used for the isolation of the thermotolerant Campy-
lobacter spp. (C. jejuni, C. coli, C. lari, and C. upsaliensis) 
(ICMSF 1996, Garenaux et al. 2008). Many studies have 
investigated the pathogen’s survival under oxidative stress, 
which is defined as cell damage leading to cell death cau-
sed by excessive levels of oxidants and free radicals in the 
environment, including both free oxygen and compounds 
such as H2O2, hydroxyl radicals, and superoxide anions. 
This is summarized in the literature, for example, the pu-
blication of the International Commission on the Micro-
biological Specifications for Foods (ICMSF 1996). Studies 
that have investigated the growth of Campylobacter under 
different gas compositions with different techniques and 
substrates are in general agreement with this proposed op-
timum composition (Koidis and Doyle 1983, Grigoriadis 
et al. 1997). It remains unclear exactly how this pathogen 
survives the high oxygen level in the atmosphere and the 
low ambient temperature during its transmission to its hu-
man host.

Other studies have reported that the survival of Cam-
pylobacter strains on poultry and meat was not influenced 
by the storage atmosphere or the treatment condition (va-
cuum packing) at 4°C (Hanninen et al. 1984, Wesley and 
Stadelman 1985). Few studies reported that the presence 
of oxygen increased the death rate at 4°C in broth and 
milk (ICMSF 1996). A New Zealand study revealed that 
C. jejuni could adapt to aerobic growth after a repeated 
subculture. In this study, about 81% of human, 75% of wa-
ter, and 65% of poultry C. jejuni isolates were capable of 
growth under aerobic conditions in Nutrient Agar, and a 
cocktail of isolates (human, poultry, veterinary) survived 
aerobically for more than four weeks in poultry meat at 
5°C and for more than a week at 25°C (Chynoweth et al. 
1998). It was reported that C. jejuni isolates (10 human and 
nine poultry) could survive up to 4 weeks at 4°C aerobically 
in Mueller Hinton Broth and sterilised chicken rinses with 
a variation in their resistance from one week to four weeks 
(Chan et al. 2001).

Yamasaki (2004) reported that one log of the initial C. 
jejuni inoculums (9.5 log) in Muller Hinton broth (MHB) 
decreased in C. jejuni concentration after the first 6 hours 
under aerobic conditions at 37°C followed by another one 
log reduction for the next six hours. Yamasaki observed 
that a rapid reduction by about 5 log occurred between 12 
and 15 hours of incubation. Another study reported the 
survival in broth and agar plates for poultry and human iso-
lates at three different temperatures (4, 25, and 42°C), but 
the data were collected only for a one week period (Gare-
naux et al. 2008). Another study also indicated that the ex-
posure to atmospheric oxygen in broth culture for 5 and 15 
hours did not affect the growth of C. jejuni, and the count 
was similar to that of C. jejuni incubated under microae-

robic conditions (Mihaljevic et al. 2007). This is consistent 
with other reports regarding the growth and adaptation of 
C. jejuni in aerobic metabolism (Jones et al. 1993, Harvey 
and Leach 1998). One study investigated the survival of 
C. jejuni under oxidative stress in broth and agar plates 
but only at 37°C (Kaakoush et al. 2009). Recently, a study 
(Karki et al. 2019) reported the survival of Campylobacter 
j. and Coli isolates in diluted chicken liver juices, chicken 
juices, beef meat juices, beef liver juices, laked horse blood 
and (MHB) at 42°C. This study (Karki et al. 2019) indica-
ted that all diluted retail meat, liver juices and laked hourse 
blood (10% v/v with MHB) significantly enhanced Campy-
lobacter survival relative to (MHB) for 24 hours incubation 
period. Kim et al. (2021) concluded in their review about 
Campylobacter stress tolerance that the reported differen-
ces in various strains of C. jejuni highlight the constraints 
of drawing generalized conclusions from individual strain 
research.

From all of the above studies, it is concluded that there 
is ambiguity about the behaviour of C. jejuni under oxida-
tive stress. This may confirm the capricious nature of such 
bacterial organisms due to the high variation found bet-
ween tests and discrepancies between the reported results 
of the different studies. Evidently, Campylobacter causes 
more difficulties in the standardization and handling of this 
pathogen than are seen in any other pathogen (Bergsma 
et al. 2007, Jasson et al. 2007). It is believed that New Zea-
land has the highest rate of reported campylobacteriosis 
cases in the world. In 2006, the notification rate was 422 per 
100,000, thus an increase of 56% from 2001, and 14% since 
2005. This is 35 times higher than the rate for the United 
States, four times higher than the rate for Australia, and 
five times higher than the rate for the U.K. One possib-
le reason for the high rate of campylobacteriosis in New 
Zealand could be that local strains have a greater ability to 
survive under processing, storage, and handling conditions 
(Hansen et al. 2003).

The objective of this study was to investigate the oxygen 
tolerance of selected New Zealand isolates of C. jejuni un-
der varying conditions of oxidative stress and temperature. 
The strains chosen were those commonly found in human 
cases of campylobacteriosis and contaminated food sam-
ples in New Zealand. Thus, the study will focus on those 
relevant isolates in order to provide a fast response for the 
scientific community and risk managers in New Zealand in 
regard to the isolates’ aerotolerance and resistance to oxi-
dative stress. A comprehensive study using more New Zea-
land isolates and international isolates is planned if those 
chosen isolates show aerotolerant or resistance to oxidative 
stress. Tough New Zealand biosecurity measures regarding 
the importation of biological hazards and the resulting pos-
sible delays in the administrative process have prevented 
the inclusion of any international isolates in this study.

Materials and method

Culture growth and enumeration
Cultures included strains isolated from poultry and hu-
mans. The multilocus sequence typing profile for these 
strains were ST-474, ST-48, ST-190. These three strains 
were implicated in more than 42% of campylobacteriosis 
cases in the Manawatu study (French 2008). Strains were 
stored at –80°C on beads (Microbank, Pro-Lab Canada); 
they were subcultured onto Columbia Blood Agar (CA) 
and incubated at 41.5°C for 48 hours in a microaerobic at-
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mosphere within a specialized work station (Forma Sys-
tem model 1024, USA) supplied with a gas mixture of 5% 
O2, 10% CO2 and 85% N2. This atmosphere was used in 
all subsequent incubations in this study. Colonies grown 
on CA were subcultured on to another CA plate and incu-
bated for 48 hours in a microaerobic atmosphere at 41.5°C 
to obtain a plate with prolific growth for the preparation 
of the inoculum. Each inoculum for each experiment was 
prepared by transferring all colonies from a CA plate to 
BHI. The culture concentration used for inoculation was 
in the range of 107 to 109 CFU/ml.

The determination of the inoculum concentration was 
conducted by serial dilution of the inoculum in Brain He-
art Infusion broth (BHI) followed by plating in duplicate 
on modified Cefoperazone Charcoal Deoxycholate Agar 
(mCCDA) using the Surface Plate method (Downes and 
Ito 2001). Plates were incubated microaerobically at 41.5°C 
for 48 hours, as described above.

Exposure to oxygen in broth

The method of Chan et al. (2001) was modified in this ex-
periment. This experiment added the shaking of the flasks 
during incubation and the use of special bung with the 
flasks. Inoculums of a volume of 3ml were added to 27ml 
BHI, which was then dispensed to form a shallow layer 
of 30ml in a 125ml conical flask equipped with a special 
bung (Bug stopper, Whatman), allowing air exchange with 
the surrounding atmosphere whilst preventing microbial 
contamination. This flask was allowed to equilibrate at 
the appropriate temperature and atmosphere (aerobically 
or microaerobically) by gentle shaking using an electrical 
shaker (Lab-line Junior Orbit Shaker, U.K). The number 
of surviving organisms in samples withdrawn from each 
flask at predetermined intervals after exposure to the con-
trolled atmosphere conditions at each temperature (4, 10, 
and 20°C) was determined by dilution in BHI, followed by 
plating on mCCDA. Duplicate plates were made at each 
dilution. The plates were incubated microaerobically wit-
hin a specialized work station (Thermo scientific, USA) 
continuously supplied with 5% O2, 10% CO2, and 85% N2 
at 41.5°C for 48 hours.

Exposure to oxygen on agar plates

In order to increase the validity of the results reported 
by the above broth experiment and save time, resources, 
cost, and the complexity of conducting long studies on 
the survival of C. jejuni in food matrix as was designed 
in this study Garenaux et al. (2008) agar plates method to 
investigate oxygen tolerance was adapted in this experi-
ment. 50 μl of the culture suspension in BHI was spread 
on CA plates (blood-free 16 to 40 plates for each isolate 
at the specified incubation temperature according to the 
previous primary trial data collected before the actual 
experiment) using a spiroplater (Don Whitley, Yorkshire, 
U.K) and incubated aerobically at 4°C and 25°C for 1 to 5 
weeks. The spread CA control plates were simultaneously 
incubated under microaerobic conditions at all of the ab-
ove temperatures using anaerobic plastic jars with a micro-
aerobic atmosphere generating system (Pack MicroAero, 
Mitsubishi Gas Chemical Co. Inc). Two plates from each 
aerobic condition were sampled every day and incubated 
at 41.5°C for 48 hours in a microaerobic atmosphere within 
a specialized work station (MACS VA 500, Don Whitley 
Scientific U.K).

Exposure to H2O2

Each culture suspension prepared in BHI was spread with 
a swab onto Muller Hinton Agar plates and allowed to 
grow under microaerobic conditions for 48 hours. Subse-
quently, filter discs (6 mm) inoculated with 10 μl of 1 mM, 
10 mM, 100 mM, or 1 M hydrogen peroxide were placed 
onto the plates as per the Disc Diffusion Method (Fields 
and Thompson 2008). These plates were then incubated at 
41.5°C under microaerobic conditions for 48 hours. Three 
plates were prepared each time, and the experiment was 
repeated once for each tested isolate.

Statistical analysis
All bacterial counts were log10 transformed prior to statis-
tical analysis. The dataset was analysed using R software 
(version 2.9.1). Statistical differences between isolates, 
incubation atmosphere, time, and temperature were un-
dertaken by ANOVA, with P = 0.05 used as the statistical 
threshold for significance for only the survival experiment 
in BHI, due to the level and amount of data generated from 
the experiment. The survival data then fitted to the conven-
tional log linear linear model by Equation (1). using R soft-
ware programme (the R code is provided in the appendix).

 (1)

Where N0 is the initial count of bacteria, Nt is the log of C. jejuni 
counts at time t (days) and D is the decimal reduction time. This 
is the time required to reduce the bacterial count by a factor of 10 
and is equal to the number of days for the survival curve to traver-
se one log cycle.

In addition to the log linear model, the Weibull model ex-
pressed by Equation (2). (Cunha et al. 1998, Fernandez et 
al. 1999, Mafart et al. 2002, Peleg 2002) fitted to the sur-
vival data. The Weibull model has been the most widely 
studied and has been successfully tested using a variety of 
published survival studies in which it was concluded that 
the Weibull model was both more suitable and simpler for 
describing non-log-linear survival curves than other mo-
dels (van Boekel 2002).

 (2)

where, d is the storage time (days) for the first log reduction, and  
is the shape parameter. The shape parameter gives a convex cur-
ve when >1, or a concave curve when <1. When  is equal to 1, 
a straight line corresponding to the log-linear model is obtained. 
A detailed comparison between the log-linear and the Weibull 
by using some statistical criteria such as the likelihood ratio test 
(LRT) was performed in the analysis. The LRT is considered 
as the best comparision test statistically as small p-value shows 
that the improvement in going from the simple model (log linear) 
to the more complex model (Weibull) is statistically significant. 
The Akaike information criterion (AIC) for both models fitting 
comparison is reported because AIC accounts for the difference 
in the number of parameters in each model and the classical R2 
values for each model was presented.

Results

Exposure to oxygen in broth
The results from exposure to oxygen in BHI from the du-
plicate plates at all temperatures (4°C, 10°C and 20°C) are 
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shown in Figure 1–3. All constructed linear 
model and Weibull models for each data 
set were shown in figures 4–6. The output 
of ANOVA analysis is summarised in Table 
1. The ANOVA analysis confirms that tem-
perature has significant effect in Campylo-
bacter survival where the atmosphere has 
less effect on Campylobacter tested isolates 
survival. At every temperature, the poultry 
isolate survived longer than the human iso-
lates. The human isolates did not show dif-
ferential survival between the atmospheres 
especially at 4°C suggesting they were less 
sensitive to oxygen than the poultry isolates. 
The D values reported in Table 2 for human 
at 4°C were similar to D values of poultry 
isolates.

The parameters of both fitted models and 
the comparison of goodness of fit criteria 
were reported in Tables 2–4. The Weibull 
model produced better fits in most of the 
survival data than the log-linear model ba-
sed on the goodness of fit criteria employed 
such as the likelihood ratio test (LRT). It 
northworthy to state that p value in most ca-
ses was < .001. The Akaike information cri-
terion (AIC) also has indicated that Weibull 
fits better for the most of the survival data 
in tables 2–4. The Weibull parameter p (the 
shape parameter) in most curves were >1 in-
dicating convex survival curves.

Exposure to oxygen on agar plates
The results from exposure to air in agar pla-
tes indicated that survival was significantly 
longer at low temperatures than high, but on 
agar, both poultry and human isolates sur-
vived longer microaerobically than aerobi-
cally. The data are summarised in Table 5. 
There was no significant difference between 
the survival of the poultry and human iso-
lates when differences in the initial concen-
trations are accounted for.

Exposure to H2O2

The exposure to H2O2 revealed that all the 
selected NZ C. jejuni strains (ST-474, ST-48, 
and ST-190) tested are sensitive to all H2O2 
concentrations tested, except for the lowest 
concentration of 1 mM (Figure 7).

Discussion

Most of the data reported and the Campy-
lobacter survival studies in the ComBase 
database for predictive microbiology were 
either for a short period exposed to a speci-
fied temperature or were investigating more 
than two factors (temperature, atmosphere) 
targeted by this study, such as the addition 
of NaCl, CO2, and other stress factors.

Therefore, the comparison of our results 
to the international data which used simi-
lar experimental conditions to this study is 
limited. The results obtained in this study 

FIGURE 1:   Survival of C. jejuni isolates at 4°C (A: aerobic incubation, M: mic-
roaerobic AR/MR: aerobic/ microaerobic replicate data).

FIGURE 2:   Survival of C. jejuni isolates at 10°C (A: aerobic incubation, M: mi-
croaerobic AR/MR: aerobic/ microaerobic replicate data).

FIGURE 3:   Survival of C. jejuni isolates at 20°C (A: aerobic incubation, M: mi-
croaerobic AR/MR: aerobic/ microaerobic replicate data).
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are in agreement with Garenaux’s result (Garenaux et al. 
2008) especially at 25°C and at 4°C for the first week of 
our agar plate data experiment, and also with Chan’s et al. 
and Gozález et al.results (Chan et al. 2001, González et al. 
2009) at 4°C. The results obtained in our study at 4°C are 
in agreement with the results obtained by Yoon (2004) in 
broth at the same temperature aerobically in terms of the 
first reduction, which occurred after nine days of incuba-
tion. However the same reduction occurred after 11 days of 
incubation in the Yoon study, and this marginal difference 
is possibly due to the agitation process in this study and 
the absence of the agitation process in Yoon’s study. As it 
is known that agitation creates strictly aerobic conditions, 
which may enhance the pathogen death rate in this study 
(Butzler 2014, Meredith et al. 2014). Yoon’s study was plan-
ned to simulate semi aerobic conditions or mixed aerobic 
and anaerobic conditions. The storage time (days) for the 
first log reduction (d) at 4 °C in this study in broth is in 

agreement with results obtained by Oyarza-
bal et al. (2010) on chicken meat. However, 
d at 10°C in this study in broth (2–4 days) 
differs from the values (5–8 days) obtained 
by Oyarzabal et al. (2010) at 12°C on chicken 
meat.

Moreover, our results are in agreement 
with New Zealand data for chicken (Chyno-
weth et al. 1998) although the chicken meat 
as a substrate or a medium may partially in-
fluence the results of that study (Chynoweth 
et al. 1998) . In fact, New Zealand strains 
survive less as well than the international 
strains, especially in the range of 20–5°C. 
One study reported that survival at 23°C in 
sterilised ground chicken was for more than 
three weeks (Blankenship and Craven 1982), 
whereas New Zealand strains investigated in 
our study survived aerobically at 25°C only 
for 4 to 5 days in the agar plates, and up to 7 
days at the same temperature in microaero-
bic environments. This can be explained by 
the use of a different strain for that study or 
the use of a different matrix.

In general, there were not many differen-
ces in hydrogen peroxide sensitivity between 
the poultry and human isolates of each strain. 
These results are in agreement with a study 
published internationally with regards to the 
diameter of the inhibition zone (Fields and 
Thompson 2008). Despite the report that C. 
jejuni has a good adaptive ability to hydro-
gen peroxide stress (van Vliet et al. 2002), 
our results confirmed that the tested NZ C. 
jejuni strains are sensitive to hydrogen per-
oxide by the method used in this study. The 
results confirmed that the tested NZ C. jeju-
ni strains are sensitive to hydrogen peroxide.

The investigation of the New Zealand 
strains tested in this study by three methods 
revealed that the air tolerance of New Zea-
land strains was not different from that of 

FIGURE 4:   The log linear and Weibull model fits to survival data of Campylo-
bacter jejuni 474 isolates in broth stored at 4°C.

TABLE 1:   Results of two-way analysis of variance for 
 effects of storage atmosphere, isolates, and tem-
perature on survival of C. jejuni in broth.
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the international strains (ICMSF 1996, Chan 
et al. 2001, Oyarzabal et al. 2010, Oh et al. 
2019) and the previously tested strains of a 
previous study in New Zealand (Chynoweth 
et al. 1998). The results of this study did not 
support the hypothesis that the survival of 
C. jejuni was not influenced by the storage 
atmosphere aerobically or anaerobically, as 
the survival of C. jejuni was shorter in the 
agar and the broth experiments under aero-
bic conditions than under the microaerobic 
conditions at all temperatures tested, except 
in the broth experiment at 10°C. Whereas 
after the fifth day, the survival rate was more 
or less similar at aerobic or anaerobic condi-
tions. This is consistent with other reports re-
garding the growth and adaptation of C. je-
juni to aerobic metabolism (Oh et al. 2015). 
However, the best known and fundamental 
hypothesis that Campylobacter is a microae-
rophilic microorganism that requires specific 
gas composition for its growth and survival 
(ICMSF 1996, Kelly 2008, Gharst et al. 2013, 
Butzler 2014).

Information on the biological aspects and 
mechanisms responsible for microaerobic 
growth or better survival at a molecular le-
vel, in order to understand what takes place 
from a physiological and genetic perspec-
tive, is not yet completely understood. It is 
assumed that due to the inhibition of enzy-
mes by a higher concentration of O2 (more 
than the maximum level 10%), the vulnera-
bility to reactive oxygen species (ROS) and/
or metabolic generation of free radicals are 
capable of reacting with molecular compo-
nents of cells and disturbing their function as 
well as producing more toxic components 
(Krieg and Hoffman 1986, Kaakoush et al. 
2009). The poultry isolates survived longer 
than the human isolates, especially at the 
incubation temperatures of 10 and 20°C, 
and there was no significant diffe-
rence between the survival of the 
poultry and human isolates when 
differences in the initial concen-
trations are accounted for at incu-
bation at 4°C.

It is revealed from this study 
that C. jejuni survival under oxi-
dative stress is more influenced 
by the temperature than the in-
cubation atmosphere. The low 
temperature at 4°C had less ef-
fect on the survival of C. jejuni, 
and it was able to survive more 
than four weeks in both the broth 
experiment and agar experiment. 
This was assumed by Gareneux 
et al. (2008) and Hazelegar et al 
(1998) to be due to a less active 
metabolism and a decrease in ca-
talytic activity, or it may be that 
the oxygen may become less toxic 
for cells at 4°C. Despite the fact 
that this study was not conducted 

FIGURE 5:   The log linear and Weibull model fits to survival data of Campylo-
bacter jejuni 474 isolates in broth stored at 10°C.

TABLE 2:   Weibull and log linear models parameters for survival of Campylobacter jejuni 
isolates in broth stored at 4°C.
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on chicken meat, the combination of three 
methods to address the oxidative stress on 
C. jejuni has increased the validity of the re-
sults reported by this study and saved time, 
resources, and cost.

Practically, most international data is on 
the survival of C. jejuni for short periods 
and especially for above freezing tempera-
tures, for example; for two days (Solow et 
al. 2003, Zhou et al. 2011) or for one week 
to two weeks (Bhaduri and Cottrell 2004, 
Davis and Conner 2007, Garenaux et al. 
2008, Oyarzabal et al. 2010). Moreover, the 
results obtained by this study were in ag-
reement with the results obtained in New 
Zealand with chicken mince and chicken 
nuggets (Chynoweth et al. 1998). For exam-
ple, few studies (Byrd et al. 2011, Meredith 
et al. 2014) evaluated the effects of modified 
storage atmosphere and chilling on the sur-
vival of naturally occurring Campylobacter 
on raw poultry. The modified packaging at-
mosphere applied for the stored chicken at 
2°C was 100% O2, normal air, 85% N2+10% 
CO2+5% O2, and 100% CO2 (Byrd et al. 
2011). Campylo bacter was not detected af-
ter 14 days of storage in 13 chicken samples 
out of 16 chicken samples, which were sto-
red with 100% O2. Similarly, in 12 chickens, 
Campylobacter was detected in the chicken 
treated with  normal air. Campylobacter was 
detected in nine chicken samples treated 
with 85% N2+10% CO2+ 5% O2. However, 
only in 7 chicken samples, was Campylobac-
ter was detected when the chicken was trea-
ted with 100% CO2 (Byrd et al. 2011). The-
refore comparison of the results of this study 
is limited to the very few international data 
which used similar experimental conditions 
to this study.

Similarly, the results obtained by Gar-
naux (Garenaux et al. 2008) using the Co-
lombia agar plates were similar to the results 
obtained by Bhaduri and Cottrell (2004) at 
4°C using chicken mince or chicken skin. In 
fact, the implications of the spoilage of chi-
cken meat samples or chicken skin samples 
during the storage of the samples above 4°C 
hinders the use of a food matrix in long sur-
vival studies. Moreover, the use of irradiated 
skin or chicken meat samples eradicates the 
microflora (pseudomonads, micrococci, Sta-
phylococci), which are found naturally on 
poultry, and inhibits the growth of Campylo-
bacter (Mai 2003). The conclusion from such 
studies is that irradiated chicken meat must 
be treated with caution. Thus, the results of 
this study are considered as acceptable in 
rejecting the hypothesis investigated in this 
study that the high rates of campylobac-
teriosis in New Zealand may be due to the 
emergence of unusual new strains with more 
oxygen tolerance or that they have a unique 
survival ability under storage or handling 
temperatures (4, 10, 20, 25°C).

FIGURE 6:   The log linear and Weibull model fits to survival data of Campylo-
bacter jejuni 474 isolates in broth stored at 20°C.

FIGURE 7:   Susceptibility of C. jejuni isolates to different hydrogen peroxide 
concentrations in filter discs on MH agar.
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Given the infection dose of ill-
ness is about 500 cells (Robinson 
1981) and the length of time that 
Campylobacter can survive, as re-
vealed by this study for New Zea-
land strains, this is a significant 
finding from a health perspective 
as the shelf life of a fresh chicken 
is eight days at 4°C and Campylo-
bacter can survive for more than 
four weeks at that temperature. 
Thus, the contamination level 
of fresh poultry products will 
remain without any significant 
reduction until introduction into 
a consumer’s kitchen, and this 
may pose a risk to consumers. 
Poultry processing plants should 
apply the necessary intervention 
to ensure that chicken carcasses 
and poultry products be released 
to the retail market with as low 
a contamination level as possib-
le or practical, and theoretically, 
the counts should not exceed 500 
cells per serving of chicken por-
tion.

The linear model constructed 
by this study is acceptable given 
the empirical nature of the Weib-
ull model with its two parameters 
(shape  and scale d). The results 
obtained from all the oxidative 
stress conditions are similar and 
do not indicate that the New 
 Zealand strains differ in oxygen 
tolerance or survival from most 
of the other internationally re-
ported strains at the investiga-
ted tem peratures. At 20 or 25°C, 
New Zealand selected strains 
survived in media only up to one 
week aerobically, but at 4°C, they 
survived aerobically for more 
than three weeks. New Zealand’s 
higher rate of reported campy-
lobacteriosis compared to other 
developed countries is possibly due to other 
factors that are explored in other studies (Al-
Sakkaf 2012, Al-Sakkaf 2013, Al-Sakkaf 2013, 
Al-Sakkaf 2020).
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TABLE 3:   Weibull and log linear models parameters for survival of Campylobacter jejuni 
isolates in broth stored at 10°C.

TABLE 4:   Weibull and log linear models parameters for survival of Campylobacter jejuni 
isolates in broth stored at 20°C.

* The experiment was ended at 32 days. (ST-474
H
 refers to human isolate and ST474

P
 refers to poultry isolate)

TABLE 5:   Effect of temperature and storage atmosphere conditions on sur-
vival (in days) of selected New Zealand C. jejuni strains on agar 
plates.
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