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Abstract 

Liver has become a prime source for Campylobacter outbreaks and products are needed to 
allow processors a more efficient way of controlling foodborne pathogens. Campylobacter 
reductions in livers treated with a low pH processing aid (CMS PoultrypHresh), with and 
without a surfactant (PoultrypHresh Plus) were studied. Chicken livers (n=13/treatment 
group) were individually inoculated with a C. coli marker strain (107) and each dipped into 
sterile cups containing 100 mL of water, PoultrypHresh or PoultrypHresh Plus for 15 s, 
removed and allowed 5 s to drain. Each liver was placed into 50 mL buffered peptone water 
and hand shaken for 60 s; controls (n=10) same procedure, no treatment. Rinsates were 
serially diluted and plated onto Campy Cefex agar with 200 ppm gentamicin. Plates were 
incubated for 48 h at 42°C microaerobically, colonies counted and log transformed. 
Procedures were replicated 3 times. Significant reductions in treated compared to untreated 
for PoultrypHresh and PoultrypHresh Plus was 98.1% and 99.4%, respectively and with no 
change in appearance. Treating with this product may allow processors to meet rising 
performance standards on poultry livers.  
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1. Introduction 

Campylobacter, the third leading cause of foodborne illness in the U.S., continues to be a 
major concern to the poultry industry. Illness and/or outbreaks often occur from consumption 
of raw or undercooked products [1],[2] and may cause serious symptoms including diarrhea, 
abdominal cramping, fever and vomiting. [3] Poultry products are commonly implicated with 
outbreaks of campylobacteriosis and investigations worldwide have demonstrated how 
chicken liver is increasingly becoming a prime source for contamination. [1],[4]  In the U.S., 
Campylobacter was found prevalent in 77% of livers [5], while another study reported 
Campylobacter in as many as 92.9% of commercial chicken livers. [6] The U.K. experienced 
a substantial increase in campylobacteriosis associated with liver dishes between 2009 and 
2011, causing the Food Standards Agency (FSA) to categorize liver as a high-risk food 
product. [7] The Centers for Disease Control and Prevention (CDC) investigated and 
reported serious outbreaks of Campylobacter infections from poultry liver in the U.K. and 
Australia. [8] In Switzerland, Campylobacter was isolated in livers from 10% to 100%, 
varying by season [5] and England also reported liver as being a prime source for 
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Campylobacter outbreaks. [3] Therefore, microbial contamination of broiler livers is a 
serious, worldwide concern for the industry.     
 The presence of Campylobacter in chicken liver has become a widespread problem 
and a serious public health concern. Often cases of campylobacteriosis go undetected and 
are not reported; therefore, illness and outbreak numbers are probably even higher than 
predicted, further increasing the seriousness of this foodborne pathogen. [9] Proper 
procedures for eliminating Campylobacter from livers is thoroughly cooking until an internal 
temperature exceeding 70 ̊ C is reached for a minimum of 2 minutes. [5], [10],[11] One factor 
aiding the problem is many liver recipes recommend cooking by ‘flash frying’, which allows 
livers to maintain a pink internal color. [5], [11],[12] This cooking method is not adequate to 
eliminate Campylobacter, allowing it to infect the consumer. [10] This assists in explaining 
the large number of campylobacterosis outbreaks in individuals who recently attended 
catered events or consumed restaurant meals. Research has found that caterers or 
restaurant cooks are likely to undercook livers in an attempt to maintain the pink coloration 
consumers desire. [11] This, however, allows many individuals to become sick or an 
outbreak to occur. Hutchinson et al. [11] described a variety of essential oils and 
antimicrobial ingredients evaluated as additives for liver recipes, although significant 
reductions were not found.   

 There are some intervention strategies, which include freezing, alternative cooking 
methods, boiling, chlorinated water, organic acid treatment or pre-cooking treatments. [3], 
[5], [4],[9],[11] Further research demonstrated Campylobacter to be more prevalent on a 
liver's outer surface than internally. [13] This indicates external treatment methods may 
exhibit greater reductions. Past research evaluating organic acid treatment on livers 
exhibited changes in the surface coloration post treatment, as surface lightening was 
described as "bleaching". [11] This study investigates the reduction of Campylobacter on 
livers treated with a low acid processing aid, CMS PoultrypHresh, and the product containing 
the addition of a surfactant, PoultrypHresh Plus. Differences in past research and this study 
include the acid used and the length of immersion. Past research used a duration dip time of 
2 minutes, whereas the current research is only 15 seconds. [11] If effective, the treatment 
could potentially prevent cross contamination in a consumer kitchen and lower 
Campylobacter prevalence internally, as it is not conclusive whether outer contamination 
seeps into the liver. This treatment may assist processors in reducing contamination levels 
within processing facilities, as dip time is rapid and potentially a reasonable addition for 
processing procedures.   

2. Materials and Methods 

Bacterial Strain 
The bacterial Campylobacter strain used for this research is a gentamicin resistant marker 
strain, Campylobacter coli (CcGR), obtained from Dr. Nelson Cox, USDA, Athens, GA. [14] 
Initially, CcGR was streaked onto Campy Cefex Agar [15] containing 200 ppm gentamicin 
(Sigma, St. Louis, MO). The culture was incubated microaerobically for 48 h at 42°C (5% 
O2, 10% CO2, 85% N2). Forty-eight-hour (± 4 h) plates of this culture were used to prepare 
the inocula for this research.  
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Inoculation of Parts 
Livers were obtained from a local grocery (N=36), livers were divided into 3 groups; Trt 1 – 
low acid processing aide (LAPA) (n=13); Trt 2 – LAPA w/surfactant (LAPAS) (n=13) and Trt 
3 – inoculated untreated control (n=10) (Con). A -108 suspension of CcGR (0.1 mL) was used 
to individually inoculate the surface of each liver. Livers were left undisturbed for 5 minutes 
to allow the cells an adequate attachment period.  
 
Treatment 
Thirteen livers were placed into separate specimen cups containing 100 mL of either 
PoultrypHresh or PoultrypHresh Plus for 15 s with no agitation. When removed, livers were 
allowed to drain for 5 s and placed into individual sterile specimen cups containing 50 mL of 
buffered peptone water. Each liver was hand shaken for 60 s. The controls were inoculated 
the same as the experimental groups but were not subjected to any treatment before being 
placed into the specimen cups for rinsing.   
 
Plating and Incubation 
After hand rinsing, each rinsate was collected, serially diluted and plated onto Campy Cefex 
agar with 200 ppm gentamicin. Plates were incubated microaerobically at 42°C for 48 h. 
Colonies were counted and CFU/mL data was log transformed. All procedures were 
replicated 3 times. 

3. Results 

Since Campylobacter in chicken livers is quickly becoming a major concern in the food 
industry, this study evaluated a potential treatment option to lower prevalence and chance of 
infection. Results showed the average recovery of C. coli on livers receiving no treatment 
was 5.5 log10 CFU/mL. After livers were treated with a LAPA 15 s dip, the recovery was 
reduced to 3.9 CFU/mL. Livers that received a LAPAS 15 s dip were found to have 
Campylobacter recovery levels lowered to 3.3 log10 CFU/mL. These results indicate a 1.7 
log10 reduction (98.1%) when using a LAPA dip and a 2.2 log10 reduction (99.4%) dipping 
with LAPAS compared to untreated samples (Figure 1). When treated results were 
compared with a 15 s water dip, LAPA reduced the average log10 CFU/mL by 91.9% (1.1 
log10 CFU/mL), while LAPAS lowered C. coli by 97.5% (1.6 log10 CFU/mL). No visible 
organolyptic damage was demonstrated or reported post treatment. Table 1 shows average 
recovery of C. coli from all replicates, while Table 2 presents the data by replicate. 
 
Table 1. Average Log10 cfu/mL of Campylobacter coli recovered from livers dip treated with 
no treatment, water, LAPA, or LAPAS for 15 seconds with no agitation (mean±standard 
deviation) 

Treatment 
Average Log10 

(cfu/mL) 
Reduction from 
Untreated (%) 

Reduction from 
Water (%) 

Untreated 5.5±0.1   

Water 4.9±0.1 76.0  

LAPA 3.8±0.1 98.1 91.9 

LAPAS 3.3±0.2 99.4 97.5 
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Table 2. Average Log10 cfu/mL of Campylobacter coli recovered by replicate from livers dip 
treated with no treatment, water, LAPA, or LAPAS for 15 seconds with no agitation 
(mean±standard deviation) 
 

Replica
te 

Treatment 
Average Log10 

(cfu/mL) 

Reduction 
from 

Untreated (%) 

Reduction 
from Water 

(%) 

1 

Untreated 5.5±0.3   

Water 4.9±0.4 73.7  

LAPA 3.8±0.4 98.0 92.4 

LAPAS 3.1±1.0 99.6 98.5 

2 

Untreated 5.7±0.2   

Water 5.1±0.3 74.9  

LAPA 3.8±0.3 98.8 95.2 

LAPAS 3.6±0.3 99.2 97.0 

3 

Untreated 5.2±0.2   

Water 4.5±0.2 79.1  

LAPA 3.7±0.2 96.9 85.2 

LAPAS 3.1±0.3 99.2 96.2 

 

 

Figure 1. Average log10 cfu/mL of Campylobacter coli recovered from livers 

having been dipped in either no treatment, water, LAPA, or LAPAS for 15 seconds 

with no agitation. 
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3. Discussion 

A treatment capable of providing such substantial reductions in Campylobacter levels is 
important for poultry producers and consumers worldwide. Alternate treatment options may 
include the use of chlorinated water, although Bryan and Doyle [9] found that while chlorine 
may assist in lowering cross contamination between carcasses, it has little effect on bacteria 
attached to the skin and muscle surfaces. Harrison et al. [5] reported the method of freezing 
does reduce the presence of Campylobacter on the skin and muscle of the broiler. It is likely 
the consumer may prefer what is considered to be a fresh, never frozen product. Such 
findings, however, contradict those of Fernandez and Pison [6] who found Campylobacter to 
be highly prevalent in frozen poultry liver.  

Additional treatment options include the use of organic acid, which Firlieyanti et al. 
[4] reported causes color changes/bleaching on the liver surface. Several studies showed it 
is not effective for internal Campylobacter reduction. [4], [11] Noormohamed and Fakhr [3] 
discussed how foodborne pathogen resistance to antimicrobials is alarming and may arise 
from cross contamination during processing, possibly causing serious consequences on 
human health. Their study also demonstrated that the majority of Campylobacter isolates 
were resistant to five of the seven antimicrobials researched and 81 isolates were resistant 
to more than seven antimicrobials. This further increases the need for a treatment to 
effectively lower and/or eliminate Campylobacter before products are shipped from 
processing facilities, as Vashin et al. [16] discussed how the likelihood of transferring 
Campylobacter rises in further stages of secondary processing.  

Researchers have demonstrated the serious need to reduce Campylobacter on 
poultry liver surfaces throughout the world. Illness and outbreaks arising from livers are 
increasingly becoming more prevalent and research has found the majority of retail livers are 
contaminated with Campylobacter at varying levels. [4] While the key to Campylobacter 
elimination is allowing adequate cooking times and temperatures, recipes continue 
suggesting undercooking or flash cooking which could result in illnesses. Intervention 
strategies within the processing facility are important to lowering Campylobacter prevalence 
and the ample reductions demonstrated in this study may potentially provide the industry 
with an effective means to reduce the presence of this pathogen and hence human illness. 
Future research will further evaluate LAPA on a larger scale to reduce Campylobacter 
contamination of poultry products. LAPA may provide another hurdle Campylobacter must 
cross in order to infect consumers effectively reducing the number of campylobacteriosis 
illnesses associated with poultry products. 
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