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ABSTRACT: The objectives of this research were to determine 

antimicrobial effects of Lauric arginate (LAE) alone and in 

combination with Ethylenediaminetetraacetic acid (EDTA) against 

Salmonella Typhimurium (ST), Salmonella Enteritidis (SE), and 

total psychrotrophs in ground chicken meat, and the effects of LAE 

and EDTA on pH of the ground meat. Salmonella Typhimurium 

(107 cfu/g) and Salmonella Enteritidis were inoculated separately 

into ground chicken breast meat and treated with LAE alone (0.1, 

0.5, 1.0, and 2.0%) and in combination with 0.25% EDTA and 

stored for 7 days at 3.0 ± 1°C. This study was repeated two times. 

LAE at 0.1% alone and in combination with EDTA reduced (< 

0.05) ST on days 0, 1 (0.1% LAE plus EDTA only on day 1) and 7, 

and reduced psychrotrohic counts on days 5 and 7 when 

compared to all other treatments. 1% (except for day 3) and 2% 

LAE alone, and 0.5, 1, and 2% LAE in combination with EDTA had 

lower (< 0.05) ST on all days when compared to positive control; 

and psychrotrophs were reduced when treated with LAE and 

EDTA combinations, and 1 and 2% LAE alone on day 7. LAE and 

EDTA had minimal effects on pH for SE, and decreased for ST 

when combinations of LAE and EDTA were employed. In this 

study, EDTA and LAE combinations created synergistic effects in 

reducing bacteria to lower levels than when either EDTA or LAE 

was used alone. Unlike S. Typhimurium, S. Enteritidis was not as 

sensitive to LAE and EDTA. 

 

 

Keywords: Salmonella Typhimurium, psychrotrophic bacteria, 

lauric arginate, microbiology, shelf life 

 

 
INTRODUCTION 
 
The Economic Research Service of USDA (2020) 
reported production of ready to cook poultry meat in 2019 
as 19,702 metric tons (3.1% increases from 2018) with 
an estimated 4.9% increase in 2020 to 20,667 metric 
tons. In 2018, chicken represented approximately 43% of 
the total per capita of livestock and poultry meats (USDA 
FSIS, 2018). As poultry production increases, so does 
the risk of foodborne pathogens such as Salmonella and 
Campylobacter, which are two of the most common 
bacteria    that     cause      illnesses    in    humans   from  

 
 
 
consumption of poultry products (World Health 
Organization, 2015).  

The Center for Disease Control and Prevention (CDC) 
estimates that each year roughly 48 million people 
acquire a foodborne illness that leads to 128,000 
hospitalizations, and 3,000 deaths (Dewey-Mattia et al., 
2018). Approximately 9.4 million foodborne illnesses and 
hospitalizations occurred in the United States with 58% of 
the hospitalizations and 35% of the illnesses being 
caused by Salmonella Typhimurium (Dewey-Mattia et al., 
2018).  
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The most documented consumed poultry products 

include chicken carcasses, cuts and processed products 
(Rouger et al., 2017), chicken nuggets, wings, and 
boneless breasts (Bloomberg News, 2018), and ground 
poultry (USDA FSIS, 2019). The demand for ground 
poultry has increased in the market because shoppers 
understand its versatility (USDA FSIS, 2019). According 
to the United States Department of Agriculture Food 
Safety Inspection Services (USDA FSIS), there is no 
established regulatory standard for “ground poultry”, 
“ground turkey”, or “ground chicken”. However, the 
regulations on “boneless poultry” apply. Safe handling 
instructions are required for all raw poultry and cooking to 
internal temperature of 165°C is required for whole 
muscle and ground poultry (USDA FSIS, 2013a). Ground 
chicken is considered as a highly perishable product. 
Ground meat is one of the most frequently contaminated 
products containing foodborne pathogens that stems 
from the broiler skin (Park et al., 2017).  

Although the antimicrobial properties of various 
ingredients has been studied for use in poultry and meat 
products (EcoloxTech, 2019; Park et al., 2017; Hawkins 
et al., 2016; Bartenfeld et al., 2014; Sharma et al., 2013), 
it is essential that antimicrobials usage in ground poultry 
be explored. One such antimicrobial is lauric arginate 
(LAE) which is composed of naturally occurring 
components L-arginine and propylene glycol. This 
compound is generally recognized as safe (GRAS) for 
use in food products such as fresh meat and poultry at 
200 ppm (USDA FSIS, 2013b). 
Ethylenediaminetetraacetic acid (EDTA) is a common 
food additive that is approved for use in different products 
for preservation of color, texture, and flavor (Berkheiser, 
2019). An in vivo study showed that chelating agents 
such as EDTA affect the outer membrane of gram 
negative organisms (Clifton et al., 2015). Therefore, 
combining EDTA with lauric arginate could enhance 
penetration of the cell membrane. Studying the effects of 
LAE on Salmonella at higher concentrations will help 
researchers identify the role of LAE and how it works in 
combination with other solutions in a complex food matrix 
period. It is hypothesized in this study that an 
antimicrobial intervention that combines a medium chain 
fatty acid and a chelating agent will inhibit or significantly 
reduce the growth of microorganisms on ground chicken. 
Objectives of this study were to determine the 
antimicrobial effects of LAE against Salmonella and total 
psychrotrophic bacteria in ground chicken meat, and to 
evaluate the effects of the LAE solutions on pH of the 
ground chicken breast meat. 
 
 

MATERIALS AND METHODS 
 
Inoculum preparation 
 
Salmonella Typhimurium strain ATCC 13311 and 
Salmonella Enteritidis KRS #118, kept frozen   at   -80°C,  
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were thawed at room temperature under running water 
(21°C). For each culture, approximately 100 µL of the 
thawed culture was pipetted into 9 mL of Bacto tryptic soy 
broth (Product number 211825, Becton Dickinson 
Diagnostic, Sparks, MD) vortexed and incubated at 35°C 
for 18 h. After incubation, the culture was centrifuged at 
5,000 x g for 10 min at 4°C. The supernatant was 
decanted, and the pellet was washed three times with 9 
mL of sterile 0.1% peptone water (Product number 
CM0009, Thermo Scientific, Lenexa, Kansas). Both 
cultures were serially diluted to obtain 10

7
 CFU/mL in 9 

mL of peptone water. The bacterial suspension was used 
as the inoculum for the ground chicken breast.   
 
 
Sample preparation 
 
Boneless skinless chicken breasts were purchased from 
a local supermarket and transported to the Meat 
Research Laboratory at the University of Florida, 
Gainesville, FL. The samples were not inoculated prior to 
grinding.  The chicken breasts were coarse-ground 
through a 5-mm plate and separated into 250g each in 
nine batches per treatment. Except for the negative 
control, all breast meat was inoculated with 2.5 mL of 
Salmonella Typhimurium and mixed manually. The 
inoculated meat was stored at 4°C for 10 min to allow for 
bacterial attachment. After bacterial attachment, the 
treatments were added to the meat and mixed thoroughly 
by hand. The target inoculation was 10

5
 CFU/g.  The 

treatments included no additive (negative control), 
inoculum (positive control), meat + 0.25% EDTA, meat + 
0.1% Lauric arginate (LAE, Cytoguard Lauric arginate 2X, 
20% lauric arginate plus 80% ethanol, A&B Ingredients, 
Fairfield, NJ), meat + 0.5% LAE, meat + 1% LAE, meat + 
2% LAE, meat + 0.25% EDTA + 0.5% LAE, meat + 
0.25% EDTA + 1% LAE, and meat + 0.25% EDTA + 2% 
LAE. The approved level for LAE in ground poultry is 200 
ppm (USDA FSIS, 2013b). The samples were packaged 
aseptically in sterile WhirlPak bags with each bag 
containing  25 g. Duplicate samples for each treatment 
were stored at 3±1°C, and analyzed at days 0, 1, 3, 5, 
and 7 for total psychrotrophs, Salmonella, and pH. Two 
trials were conducted for this study. 

  
 
Microbial analysis  
 
Each 25-g sample was placed into a stomacher bag 
(Product number 030020103, MG Scientific, Prairie, WI,)  
with 225 mL of sterile 0.1% peptone water and 
homogenized in a stomacher lab blender (Model 400, 
Tekmar Co., Cincinnati, OH) at 230 rpm for 1 min.  One 
milliliter of the sample homogenate was transferred to 9 
mL of sterile 0.1% peptone water. One hundred 
microliters of the appropriate serial dilutions were 
pipetted     onto    duplicate    plates    of    Xylose-Lysine- 



Official Publication of Direct Research Journal of Agriculture and Food Science: Vol. 8, 2020, ISSN 2354-4147 

Harris and Williams          193 
 
 
 

Table 1. Mean Salmonella Typhimurium and psychrotrophic bacteria for ground chicken breast inoculated with 
Salmonella Typhimurium, treated with Lauric Arginate and EDTA and stored at 3 ± l °C for 7 days. 
 

Treatments Days of Storage 

 Salmonella Typhimurium (Log cfu/g) 
 0 1 3 5 7 

Meat only ND ND ND ND ND 
Meat + Inoculum 5.68

a,w
±0.13 4.99

bc,w 
±0.13 4.98

bc,w
±0.13 4.52

c,w
±0.13 5.13

ab,w 
±0.13 

Meat + 0.1% LAE 5.35
a,x

±0.13 4.36
b,wx

±0.13 4.46
b,w

±0.13 4.56
b,w

±0.13 3.95
b,x

±0.13 
Meat + 0.1% LAE + 0.25% EDTA 5.04

a,y
±0.13 4.26

b,x
±0.13 4.37

b,w
±0.13 4.42

b,w
±0.13 3.85

b,x
±0.13 

Psychrotrophic Count (log cfu/g) 

Meat only 4.61
c,w

±0.16 4.45
 c,w

±0.16 5.54
 b,w

 ±0.16 6.01
 b,w

±0.16 7.00
a,w

±0.16 
Meat + Inoculum 4.31

 c,w
±0.16 4.37

 c,w
±0.16 5.79

 b,w
±0.16 6.02

 b,w
±0.16 7.13

 a,w
±0.16 

Meat + 0.1% LAE 4.58
 c,w

±0.16 4.59
 c,w

±0.16 5.42
 b,w

±0.16 5.89
 b,w

±0.16 6.94
 a,w

±0.16 
Meat + 0.1% LAE + 0.25% EDTA 4.84 

bc,w
 ±0.16 4.48 

c,w 
±0.16 5.42 

b,w 
±0.16 5.31 

b,x 
±0.16 6.42 

a,x 
±0.16 

 

1
LAE= Lauric Arginate, EDTA= Ethylenediaminetetraacetic acid 

a,b,c,d 
  Means within a column lacking a common superscript differ (0.05) 

w,x,y,z
    Means within a row lacking a common superscript differ (0.05) 

ND indicates there was no Salmonella Typhimurium detected in the sample. 
 
 
Tergitol 4 (XLT-4) Agar (Product number 223420, Becton 
Dickinson, Difco, Sparks, MD; XLT4 agar supplement)  
for Salmonella and Tryptic Soy Agar (TSA) (Product 
number 235310, Becton, Dickinson, Difco, Sparks, MD) 
for psychrotrophs. The XLT-4 plates were incubated 
aerobically at 35°C for 48 h, and the TSA plates were 
incubated aerobically at 7±1°C for 10 days. After 
incubation, the colonies were counted, averaged, and 
reported as log CFU/g. 
 
pH analysis 
 
Immediately after the microbiological analyses were 
completed, pH values were recorded for each sample 
homogenate using a calibrated handheld Hanna pH 
meter (Model 9913, Woonsocket, RI). The meter was 
calibrated by using pH 4.0, 7.0, and 10.0 standard 
buffers. The pH probe was placed into the sample 
homogenate and allowed to equilibrate for 1 min before 
the reading was taken. All pH readings were performed in 
duplicate and averaged.   
 
 
Experimental design and statistical analysis 
 
A completely randomized block design with 9 treatments, 
5 sampling days, duplicate sample replications per 
treatment and 2 trials, was used in this study. A total of 
180 samples were analyzed. The analysis of variance of 
General Linear Model (PROC GLM) and LSMEANS for 
generating standard errors of the mean (SEM) were used 
to analyze the trial, day, treatment, and treatment by day 
interaction (SAS Institute Inc., 2013). Significant 
differences among means were determined using the 
multiple comparison procedure of Duncan’s multiple 
range test, at level of α= 0.05.  The SE values are similar 
because they are rounded to 2 decimal places. 

RESULTS AND DISCUSSION 
 
Microbiology and pH for LAE at currently approved 
level 
 
On days 0, 1 (0.1% LAE in combination with EDTA only) 
and 7, 0.1% LAE treatments alone and in combination 
with EDTA resulted in lower (<0.05) S. Typhimurium 
counts than the positive control (Table 1). On day 1, only 
the combination of 0.1% LAE and EDTA had lower 
(<0.05) S. Typhimurium than the control. The greatest 
reduction in S. Typhimurium was reported for 2% LAE 
with EDTA, which resulted in S. Typhimurium reductions 
of 3.62log CFU/g on day 0 and 3.10 log CFU/g on day 7, 
when compared to the positive control. Over time, the 
growth of Salmonella decreased (<0.05) when counts on 
day 0 were compared to day 7 for all treatments. The 
0.1% LAE and EDTA combination resulted in reductions 
(<0.05) in psychrotrophs on days 5 and 7 when 
compared to the positive control and all other treatments. 
Initial pH values on day 0 for positive control, 0.1% LAE, 
and combination of 0.1% LAE and EDTA had lower 
(<0.05) pH values than the negative control, which 
indicated that LAE nor EDTA affected the pH of the meat 
(Table 2). pH values on days 1 and 3 for meat treated 
with a combination of 0.1% LAE and EDTA were lower 
(<0.05) than all other treatments. pH values were similar 
(>0.05) for all treatments on days 5 and 7            . 
 
 
Microbiology and pH for LAE at Elevated Levels 
 
S. Enteritidis was not detected in the negative control 
(Table 3). Initial S. Enteritidis counts were lower (< 0.05) 
on day 0 for meat treated with 0.5%, 1.0%, 2.0% LAE 
alone and 2% LAE plus EDTA when compared to positive 
control. S. Enteritidis counts were also lower (< 0.05)   on  
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Table 2. Mean pH values for ground chicken breast inoculated with Salmonella Typhimurium, treated with Lauric 
Arginate and EDTA and stored at 3 ± l °C for 7 days. 
 

Treatments
 

Storage Day
2
 

 pH 

 0 1 3 5 7 

Meat only 5.93
a,w

±0.08 5.96
a,w

±0.08 5.94
a,w

±0.08 5.97
a,w

±0.08 5.97
a,w

±0.08 

Meat + Inoculum 5.74
a,x

±0.08 5.87
a,w

±0.08 5.89
a,w

±0.08 5.91
a,w

±0.08 5.61
a,w

±0.08 

Meat + 0.1% LAE 5.78
a,x

±0.08 5.86
a,w

±0.08 5.87
a,w

±0.08 5.87
a,w

±0.08 5.81
a,w

±0.08 
Meat + 0.1% LAE + 0.25% EDTA 5.74

a,x
±0.08 5.70

a,x
±0.08 5.75

a,x
±0.08 5.82

a,w
±0.08 5.64

a,w
±0.08 

 

a,b,c,d 
  Means within a column lacking a common superscript differ (0.05) 

w,x,y,z
    Means within a row lacking a common superscript differ (0.05). 

 
 

Table 3. Mean Salmonella Enteritidis counts for refrigerated ground chicken breast meat inoculated with Salmonella 
Enteritidis, treated with Lauric Arginate and EDTA and stored at 3±1°C for 7 days. 
 
Treatments

1
 Storage Day

2
 

 Salmonella Enteritidis (log CFU/g 

 0 1 3 5 7 

Meat only ND ND ND ND ND 
Meat + Inoculum 5.86

a,w
±0.17 5.69

a,w
±0.17 5.91

a,w
±0.17 5.46

a,wx
±0.17 6.10

a,w
±0.17 

Meat +0.25% EDTA 5.81
a,w

±0.17 5.64
a,wx

±0.17 6.10 
a,w

±0.17 5.53
a,w

±0.17 5.60
a,w

±0.17 
Meat + 0.5% LAE 4.13

b,xy
±0.17 5.13

ab,wxy
±0.17 5.97

a,w
±0.17 5.43

a,wx
0.17 5.23

ab,w
±0.17 

Meat + 1.0% LAE 4.33
a,xy

±0.17 5.44
a,wxy

±0.17 5.14
a,w

±0.17 5.63
a,w

±0.17 5.70
a,w

±0.17 
Meat + 2.0% LAE 4.00

a,xy
±0.17 5.00

a,xy
±0.17 5.04

a,w
±0.17 5.19

a,wx
0.17 5.30

a,w
±0.17 

Meat + 0.25% EDTA + 0.5% LAE 4.98
a,wx

±0.17 4.97
a,y

±0.17 5.13
a,w

±0.17 5.54
a,w

±0.17 5.20
a,w

±0.17 
Meat + 0.25% EDTA + 1.0% LAE 4.98

a,wx
±0.17 5.22

a,wxy
±0.17 5.78

a,w
±0.17 5.49

a,wx
±0.17 5.46

a,w
±0.17 

Meat + 0.25% EDTA + 2.0% LAE 3.00 
c,y

±0.17 3.35
c,z

±0.17 3.84
bc,x

±0.17 4.73
ab,x

±0.17 5.00
a,w

±0.17 
 

1
LAE= Lauric Arginate, EDTA= Ethylenediaminetetraacetic Acid 

a,b,c,d,e 
Means within a row lacking a common superscript differ (0.05) 

v,w,x,y,z
Means within a column lacking a common superscript differ (0.05)  

ND indicates there was no Salmonella Enteritidis detected in the sample 
Data expressed as mean SE (Standard error). Each mean represents 4 measurements. 

 
 
day 1 for 2% LAE, and combinations of 0.5% LAE and 
2% LAE with EDTA, and on day 3 for 2% LAE with 
EDTA, when compared to the positive control. Counts 
were similar for all treatments on days 5 and 7 when 
compared to positive control. S. Typhimurium counts 
were lower (< 0.05) for all treatments except 0.25% 
EDTA on day 0 when compared to the positive control 
(Table 4).  Except for the EDTA treatment on all storage 
days, and 0.5% LAE treatment on days 1-7, and 1% LAE 
on day 3, all LAE treatments alone and with EDTA had 
lower (< 0.05) S. Typhimurium counts on all storage days 
when compared to the positive control. The data 
demonstrated that S. Typhimurium was more sensitive to 
LAE alone and with EDTA treatments when compared to 
S. Enteritidis (Table 3). The greatest reduction in S. 
Typhimurium was reported for 2% LAE with EDTA, which 
resulted in S. Typhimurium reductions of 3.62log CFU/g 
on day 0 and 3.10 log CFU/g on day 7. Over time, 
Salmonella did not grow when the initial load was 
compared to day 7 for all treatments. Sharma et al. 
(2013) determined that 200 ppm of LAE, which is the 
approved level, was not effective against Salmonella (4 

serovars) when the solution was incorporated into ground 
chicken. Incorporating LAE into ground chicken 
introduces the solution to a more complex matrix and the 
antimicrobial activity could be affected. This may cause a 
change in the interactions with the cell membrane 
(Bonnaud et al., 2010). It is also important to evaluate all 
other ingredients that are blended with the ground 
chicken meat to confirm that the ingredients will not affect 
the antimicrobial properties of the LAE. Hawkins et al. 
used LAE in a commercial spray cabinet to inactivate 
Salmonella on raw chicken thigh meat. It was shown that 
the 60s application with LAE at 5% (within USDA 
standards) had the highest reduction of Salmonella 
Typhimurium at 2.07logs and after 3 days, there was a 
1.97 log reduction of Salmonella Typhimurium. In 
addition,  a combination of a vinegar solution (VS) and 
LAE resulted in a significantly greater reduction than 
using LAE followed by VS (1.61 and 0.93 log, 
respectively) (Hawkins et al., 2016). In order to have a 
higher reduction of Salmonella Typhimurium in this study, 
LAE had to be increased above the USDA regulated level 
of 200 ppm. 
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Table 4. Mean Salmonella Typhimurium counts (log CFU/g) for refrigerated ground chicken breast meat inoculated with 
Salmonella Typhimurium, treated with Lauric Arginate and EDTA and stored at 3±1°C for 7 days. 
 
Treatments

1
 Storage Day

2
 

 Salmonella Typhimurium (log CFU/g) 
 0 1 3 5 7 

Meat only  ND ND ND ND ND 
Meat + Inoculum  5.62

a,w±0.15
 

5.32
abc,v±0.15 5.51

ab,v±0.15
 

5.20
bc,v±0.15

 
5.10

c,v±0.15
 

Meat +0.25%  EDTA  5.53
a,w±0.15 4.95

b,vw±0.15 4.80
b,vw±0.15 4.77

b,vw±0.15 4.80
b,vw±0.15 

Meat + 0.5% LAE  4.80
a,x±0.15 4.70

a,vw±0.15 4.41
a,vw±0.15 4.65

a,vwx±0.15 4.29
a,vwx±0.15 

Meat + 1% LAE  4.07
a,y±0.15

 
4.13

a,wx±0.15
 

4.47
a,vw±0.15

 
3.91

a,x±0.15
 

3.82
a,xy±0.15

 

Meat + 2% LAE  3.82
a,y±0.15 3.71

a,xy±0.15 4.15
a,w±0.15 4.10

a,wx±0.15 3.66
a,xy±0.15 

Meat + 0.25% EDTA + 0.5% LAE  3.82
a,y±0.15 3.84

a,x
0.15 4.28

a,w±0.15 4.22
a,wx±0.15 3.93

a,wxy±0.15 

Meat + 0.25% EDTA + 1% LAE  2.30
b,z±0.15 3.00

ab,y±0.15 4.00
a,w±0.15 3.10

ab,y±0.15 3.10
ab,y±0.15 

Meat + 0.25% EDTA + 2% LAE  2.00
a,z±0.15 2.00

a,z±0.15 2.00
a,x±0.15 2.00

a,z±0.15 2.00
a,z±0.15 

 

1
LAE= Lauric Arginate, EDTA= Ethylenediaminetetraacetic Acid 

a,b,c,d,e 
Means within a row lacking a common superscript differ (0.05) 

v,w,x,y,z
Means within a column lacking a common superscript differ (0.05)  

ND indicates there was no Salmonella Typhimurium detected in the sample 
2.00 indicates there was no Salmonella Typhimurium colonies present at the lowest level counted.

 

Data expressed as mean SE (Standard error). Each mean represents 6 measurements. 
 

Table 5. Mean psychrotrophic bacteria counts (Log cfu/g) for refrigerated ground chicken breast meat inoculated with Salmonella 
Enteritidis, treated with Lauric Arginate and EDTA and stored at 3±1°C for 7 days. 
 

Treatments
1
 Storage Day

2
 

 Psychrotrophic bacteria (Log cfu/g) 

 0 1 3 5 7 

Meat only 5.29
b,x±0.16 5.18

b,w±0.16 4.89
b,wx±0.16 7.83

a,w±0.16 7.36
a,w±0.16 

Meat + Inoculum 5.42
b,x±0.16 5.56

b,w±0.16 4.54
b,wx±0.16 6.73

a,w±0.16 7.20
a,w±0.16 

Meat +0.25% EDTA 5.42
b,x±0.16 5.65

b,w±0.16 4.62
b,wx±0.16 7.12

a,w±0.16 7.48
a,w±0.16 

Meat + 0.5% LAE 5.36
b,x±0.16 5.24

b,w±0.16 4.50
bc,wx±0.16 7.30

a,w±0.16 6.89
a,w±0.16 

Meat + 1.0% LAE 5.62
b,wx±0.16 5.18

bc,w±0.16 4.75
c,wx±0.16 7.21

a,w±0.16 7.11
a,w±0.16 

Meat + 2.0% LAE 5.40
b,x±0.16 4.74

b,w±0.16 4.74b
,wx±0.16 6.87

a,w±0.16 6.82
a,w±0.16 

Meat + 0.25% EDTA + 0.5% LAE  5.82
b,wx±0.16 5.37

b,w±0.16 4.85
b,w±0.16 7.10

a,w±0.16 7.12
a,w±0.16 

Meat + 0.25% EDTA + 1.0% LAE 5.52
b,wx±0.16 4.58

c,w±0.16 3.82
c,x±0.16 5.61

ab,x±0.16 6.45
a,w±0.16 

Meat + 0.25% EDTA + 2.0% LAE 6.46
ab,w±0.16 5.35

b,w±0.16 5.37
b,w±0.16 6.96

ab,w±0.16 7.46
a,w±0.16 

 

1
LAE= Lauric Arginate, EDTA= Ethylenediaminetetraacetic Acid 

a,b,c, 
Means within a row lacking a common superscript differ (0.05) 

w,x,y
 Means within a column lacking a common superscript differ (0.05) 

2
Data expressed as mean SE (Standard error). Each mean represents 4 measurements. 

 
 
Total psychrotrophs 
 
The data revealed no reductions (> 0.05) in 
psychrotrophic counts for meat inoculated with S. 
Enteritidis and treated with LAE alone or in combination 
with EDTA on days 0, 1, 3 and 7, when compared to the 
controls (Table 5). On day 5, 1% LAE with EDTA had 
lower (<0.05) psychrotrophic counts for meat treated with 
S. Enteritidis than the controls and all other treatments. 

Psychrotrophic counts were similar (>0.05) for the meat 
inoculated with S. Typhimurium on days 0 and 1 for all 
treatments. On day 3, all LAE with EDTA combinations 
resulted in lower (<0.05) psychrotrophs than the positive 
and negative controls, and 2% LAE with EDTA had lower 
(<0.05) psychrotrophs than the controls and all other 
treatments. On day 5, 2% LAE alone and with EDTA had 
lower (<0.05) psychrotrophs than both controls, and 2% 
LAE with EDTA had lower (<0.05) psychrotrophs than the  
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Table 6. Mean psychrotrophic bacteria counts (Log cfu/g) for refrigerated ground chicken breast meat inoculated with 
Salmonella Typhimurium, treated with Lauric Arginate and EDTA and stored at 3±1°C for 7 days. 
 

Treatments
1
 Storage Day

2
 

 Psychrotrophic bacteria (Log cfu/g) 
 0 1 3 5 7 

Meat only  5.67
b,w±0.11

 
5.73

b, w±0.11
 

7.00
a, w±0.11

 
7.23

a,w±0.11
 

7.23
a,wx±0.11

 

Meat + Inoculum  5.71
b,w±0.11 5.36

b, w±0.11 7.05
a, w±0.11 7.27

a,w±0.11 7.24
a,wx±0.11 

Meat +0.25% EDTA  5.41
b,w±0.11 5.56

b, w±0.11 6.69
a, wx±0.11 6.92

a,wx±0.11 6.91
a,y±0.11 

Meat + 0.5% LAE  5.08
c, w±0.11

 
5.79

bc, w±0.11
 

6.65
ab, wx±0.11

 
7.18

a,wx±0.11
 

7.36
a,w±0.11

 

Meat + 1% LAE  5.19
b, w±0.11 5.68

ab, w±0.11 6.36
ab, wx±0.11 6.93

a,wx±0.11 6.92
a,y±0.11 

Meat + 2% LAE  5.06
b, w±0.11 5.41

b, w±0.11 6.29
a, wx±0.11 6.70

a,x±0.11 6.71
a,y±0.11 

Meat + 0.25% EDTA + 0.5% LAE  5.32
b, w±0.11 5.47

b, w±0.11 5.96
b,x±0.11

 
6.97

a,wx±0.11
 

6.99
a,xy±0.11

 

Meat + 0.25% EDTA + 1% LAE  4.95
c, w±0.11 5.29

bc,w±0.11 6.06
ab,x±0.11 6.90

a,wx±0.11 6.88
a,y±0.11 

Meat + 0.25% EDTA + 2% LAE  4.53
c, w±0.11 5.09

bc,w±0.11 5.14
bc,y±0.11 6.06

ab,y±0.11 6.87
a,y±0.11 

 

1
LAE= Lauric Arginate, EDTA= Ethylenediaminetetraacetic Acid 

a,b,c, 
Means within a row lacking a common superscript differ (0.05) 

w,x,y
 Means within a column lacking a common superscript differ (0.05) 

2
Data expressed as mean ±SE (Standard error). Each mean represents 6 measurements. 

 
 
 
 
controls and all other treatments. On day 7, 1% and 2% 
LAE alone and with EDTA, and 0.25% EDTA only had 
lower (<0.05) psychrotrophs than both controls and 0.5% 
LAE alone. Psychrotrophic counts of 7log cfu/g are 
indicative of onset of spoilage in fresh meat and poultry 
(Economou et al., 2009; Melo et al., 2012), and were 
observed on day 5 for negative control, and all other 
treatments except positive control, 2% LAE lone and with 
EDTA, and 1% LAE with EDTA for samples inoculated 
with SE (Table 5). However, on day 7 all samples had 
reached 10

7
 cfu/g except those treated with 2% LAE 

alone and 1% LAE with EDTA. As for samples inoculated 
with ST (Table 6), both controls had reached 10

7
 cfu/g 

psychrotrophs on day 3, with samples treated with 0.5% 
LAE alone reaching 10

7
 cfu/g on day 5. There were no 

changes in psychrotrophic counts on day 7 for ST. 
Spoilage signs such as putrid off-odors normally occur at 
counts greater than 10

7
 CFU/g.  The psychrotrophs that 

are generally associated with meat are gram positive, 
lactic acid bacteria (LAB) and gram negative bacteria, 
Pseudomonas spp and Enterobacteriacae (Ercolini et al., 
2009; Rouger et al., 2017). Pseudomonas spp is 
commonly isolated from meat stored at chilled 
temperatures. Psychrotrophic organism enumeration is 
not the only way to determine spoilage, but it is a key 
indicator. Benli et al., 2015, found that treating inoculated 
chicken carcasses with sequential applications of E-
polylysine (EPL) or lauramide arginine ethyl ester (LAE) 
sprays resulted in lower (<0.05) psychrotrophic counts (< 
1.0 log CFU/g) after chilling and storage, when compared 
to the control and distilled water treatment (Benli et al., 
2015).  

pH 
 
pH was similar among all treatments and the controls on 
days 0, and 3 for S. Enteritidis (Table 7). On day 1, pH for 
meat treated with 2% LAE in combination with EDTA was 
greater than the positive control and all treatments except 
0.5% LAE alone and the negative control.  On day 5, all 
pH values except 2% LAE with EDTA were similar 
(>0.05). The 2% LAE with EDTA resulted in greater 
(<0.05) pH than 1% and 2% EDTA alone, and 1% LAE 
with EDTA. On day 7, all pH values were similar for all 
treatments except 0.5% LAE with EDTA, which was less 
than the controls and all treatments except 0.5% LAE 
alone, 2% LAE alone, and 1% LAE with EDTA. The pH 
for 1% LAE plus EDTA was lower (<0.05) than the 
negative control, and similar (>0.05) to the positive 
control and all other treatments on day 0 for S. 
Typhimurium (Table 8). On day 1, 2% LAE alone, and all 
combinations of LAE with EDTA resulted in lower (<0.05) 
pH values than 0.5% LAE alone, and both controls, and 
similar pH values to 0.25% EDTA alone and 1% LAE 
alone. On days 3 and 5, the positive control had higher 
pH than the 0.5% LAE with EDTA, and 1% LAE with 
EDTA, respectively. Treatments of 1% and 2% LAE alone 
and, 0.5% LAE with EDTA resulted in similar (>0.05) pH 
values on day 7, when compared to negative control. The 
pH values were similar among storage days when day 0 
was compared to day 7 for all treatments except negative 
control and 0.5% LAE plus EDTA. The pH values for 
ground chicken breast meat used in this study were 
similar to breast meat values reported by Bushway and 
Serreze (1984). The average pH   range   for   processed  
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Table 7. Mean pH values for refrigerated ground chicken breast meat inoculated with Salmonella Enteritidis, 
treated with Lauric Arginate and EDTA and stored at 3±1°C for 7 days. 

 

Treatments
1 

Storage Day
2 

0 1 3 5 7 

Meat only  6.40
a,w

±0.19
 

6.00
a,wxy

±0.19
 

6.00
a,w

±0.19
 

6.25
a,wx

±0.19
 

6.37
a,w

±0.19
 

Meat + Inoculum 6.17
a,w

±0.19 5.70
a,xyz

±0.19 5.77
a,w

±0.19 6.02
a,wx

±0.19 6.42
a,wx

±0.19 

Meat +0.25% EDTA 6.19
a,w

±0.19 5.82
a,xyz

±0.19 5.85
a,w

±0.19 6.05
a,wx

±0.19 6.21
a,wx

±0.19 

Meat + 0.5% LAE 6.20
a,w

±0.19 6.06
a,wx

±0.19 5.81
a,w

±0.19 6.06
a,wx

±0.19 6.24
a,wxy

±0.19 

Meat + 1.0% LAE 6.26
a,w

±0.19 5.82
a,xyz

±0.19 6.00
a,w

±0.19 6.00
a,x

±0.19 6.13
a,wx

±0.19 

Meat + 2.0% LAE 6.17
a,w

±0.19 5.75
a,xyz

±0.19 6.00
a,w

±0.19 6.00
a,x

±0.19 6.00
a,wxy

±0.19 

Meat + 0.25% EDTA + 0.5% LAE 6.28
a,w

±0.19 5.52
b,z

±0.19 5.92
ab,w

±0.19 6.10
 a,wx

±0.19 6.08
a,y

±0.19 

Meat + 0.25% EDTA + 1.0% LAE 6.21
a,w

±0.19 5.65a
,yz

±0.19 5.87
ab,w

±0.19 5.94
a,x

±0.19 6.02
a,xy

±0.19 

Meat + 0.25% EDTA + 2.0% LAE 6.44
a,w

±0.19 6.26
a,w

±0.19 5.51
a,w

±0.19 6.35
a,w

±0.19 6.30
a,wx

±0.19 
 

1
LAE= Lauric Arginate, EDTA= Ethylenediaminetetraacetic Acid 

a,b,c,d
Means within a row lacking a common superscript differ (0.05) 

w,x,y,z
 Means within a column lacking a common superscript differ (0.05) 

2
Data expressed as mean ±SE (Standard error). Each mean represents 4 measurements. 

 
 

Table 8. Mean pH values for refrigerated ground chicken breast meat inoculated with Salmonella Typhimurium, 
treated with Lauric Arginate and EDTA and stored at 3±1°C for 7 days. 
 

Treatments
1
 

Storage Day
2 

0 1 3 5 7 
Meat only  5.88

a,w
±0.12

 
5.89

a,w
±0.12

 
5.83

b,wx
±0.12

 
5.95

a,wx
±0.12

 
5.82

b,w
±0.12

 

Meat + Inoculum  5.81
a,wx

±0.12 5.90
a,w

±0.12 5.84
a,w

±0.12 6.02
a.w

±0.12 5.80
 a,wx

±0.12 
Meat +0.25% EDTA  5.73

a,wx
±0.12 5.74

 a,wx
±0.12 5.81

a,wx
±0.12 5.84

a,wx
±0.12 5.70

 a,wxy
±0.12 

Meat + 0.5% LAE  5.79
a,wx

±0.12 5.81
a,w

±0.12 5.81
a,wx

±0.12 5.86
a,wx

±0.12 5.71
a,wxy

±0.12 
Meat + 1% LAE  5.72

b,wx
±0.12 5.75

b,wx
±0.12 5.70

b,wx
±0.12 5.97

a,wx
±0.12 5.61

b,y
±0.12 

Meat + 2% LAE  5.76
a,wx

±0.12 5.66
a,x

±0.12 5.72
a,wx

±0.12 5.82
a,wx

±0.12 5.67
 a,xy

±0.12 
Meat + 0.25% EDTA + 0.5% LAE  5.81

a,wx
±0.12

 
5.66

ab,x
±0.12

 
5.63

ab,x
±0.12

 
5.78

a,wx
±0.12

 
5.45

b,z
±0.12

 

Meat + 0.25% EDTA + 1% LAE  5.58
 a,x

±0.12 5.64
a,x

±0.12 5.72
a,wx

±0.12 5.67
a,x

±0.12 5.71
a,wxy

±0.12 
Meat + 0.25% EDTA + 2% LAE  5.63

a,wx
±0.12 5.59

a,x
±0.12 5.68

a,wx
±0.12 5.74

a,wx
±0.12 5.73

a,wxy
±0.12 

 

1
LAE= Lauric Arginate, EDTA= Ethylenediaminetetraacetic Acid 

a,b,c,d
Means within a row lacking a common superscript differ (0.05) 

w,x,y,z
 Means within a column lacking a common superscript differ (0.05) 

2
Data expressed as mean ±SE (Standard error). Each mean represents 6 measurements. 

 
 
 
poultry products is 5.8-6.1 (Duclos et al., 2007), 5.6 for 
white meat, and 6.4 for dark meat (Bushway and 
Serreze, 1984). The pH values in this study ranged from 
5.45 to 6.02, with initial pH on day 0 of 5.88 ± 0.12 for 
meat inoculated with S. Typhimurium, and pH 5.52 to 
6.44 with initial pH of 6.40 ± 0.19 for meat inoculated with 
S. Enteritidis.  
 
 
Conclusion 
 
The most effective treatment was 2% LAE in combination 
with EDTA. LAE alone and in combination with EDTA 
was more effective against S. Typhimurium than S. 
Enteritidis, which demonstrated the higher degree of 
sensitivity of S. Typhimurium to LAE and EDTA than S. 
Enteritidis. It is also possible that the pH range in this 

study was not low enough to produce an antimicrobial 
environment to reduce the growth of S. Enteritidis. An 
advantage of LAE, as reported by its manufacturer is that 
it exerts antimicrobial properties at a higher pH than 
acidic environments. The addition of LAE had no 
deleterious effects on the ground chicken meat at low 
inclusion levels. Thus, it is suggested that concentrated 
LAE stock solutions be prepared and used to prepare the 
desired concentrations for treatment of the meat. This 
method might be more effective than adding LAE directly 
to the meat. pH was not negatively affected by the 
antimicrobials used to treat the ground chicken breast 
meat, which was evident by pH values of 5.88 to 6.42 for 
the treated ground chicken in this study. Duclos et al 
(2007) reported average pH values for chicken of 5.8 to 
6.1.  It was also evident from the data that EDTA and 
LAE created a synergistic effect when used   together   to  
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reduce the microorganisms to a lower level than when 
EDTA or LAE was used alone. Additional research 
should include determining the minimal usage level for 
EDTA below the 0.25% used in this study. It is known 
that EDTA is used in canned meats, seafood products, 
and other food products, but is not currently approved for 
use in fresh or processed meat and poultry products. In 
addition, a comparative study to investigate factors that 
affect the resistance of S. Typhimurium and S. Enteritidis 
to similar antimicrobial environments would be beneficial 
to determining treatments to reduce or eliminate 
antimicrobial resistance in the bacteria.  
 
 
Acknowledgements 
 
The authors would like to thank A&B ingredients for 
supplying the CytoGuard LAE 2X sample.  
 
 
Authors’ declaration   
 
We declare that this study is an original research by our 
research team.  
  
 
REFERENCES  
 
Bartenfeld LN, Fletcher DL, Northcutt JK, Bourassa DV, Cox NA, Buhr 

RJ (2014). The effect of high-level chlorine carcass drench on the 
recovery of Salmonella and enumeration of bacteria from broiler 
carcasses. Poultry Science 93:2893–2899. 

Benli H, Sanchez-Plata MX, Ilhak OI, Núñez De González M T, Keeton 
JT (2015). Evaluation of antimicrobial activities of sequential spray 
applications of decontamination treatments on chicken carcasses. 
Asian-Australian Journal of Animal Sciences 28:405–410. 

Berkheiser, K (2019). Is Calcium Disodium EDTA a Safe Additive. 
Available at https://www.healthline.com/nutrition/calcium-disodium-
edta#bottom-line (verified 10 January 2019). 

Bloomberg News (2018). U.S. poultry industry expanding as Americans 
eat more chicken. Indianap. Bus. J. Available at 
https://www.ibj.com/articles/67487-us-poultry-industry-expanding-as-
americans-eat-more-chicken. 

Bonnaud M, Weiss J, McClements DJ (2010). Interaction of a food-
grade cationic surfactant (Lauric Arginate) with food-grade 
biopolymers (pectin, carrageenan, xanthan, alginate, dextran, and 
chitosan). Journal of Agricultural and Food Chemistry 58:9770–9777. 

Bushway AA, Serreze DV (1984). Differences in the pH and Iron 
Content of Chicken White and Dark Meat that Effect the Action of 
Nitrite Against Aerobes. Can. Inst. of Food Sci. and Tech. J., 17: 214-
217 

Clifton LA, Skoda MWA, le Brun AP, Ciesielski F, Kuzmenko I, Holt SA, 
Lakey JH (2015). Effect of divalent cation removal on the structure of 
gram-negative bacterial outer membrane models. Langmuir, 31:404–
412. 

Dewey-Mattia D, Manikonda K, Hall AJ, Wise ME, Crowe SJ (2018). 
Surveillance for foodborne disease outbreaks-United States, 2009-
2015, MMWR Surveillance Summary 2018 July 27;67 (10); 1-11.  

Duclos MJ, Berri C, le Bihan-Duval E (2007). Muscle growth and meat 
quality. Journal of Application Poultry Resource, 16:107–112. 

EcoloxTech (2019). On site generation of electrolyzed oxidized water. 
Available at: https://www.ecoloxtech.com/solution-cleanersanitizer 

Economou T, Pournis N, Ntzimani A, Savvaidis IN (2009). Nisin-EDTA 
treatments and modified atmosphere packaging to increase fresh  

 

Direct Res. J. Agric. Food Sci.         198 
 
 
 

chicken meat shelf-life. Food Chemistry, 114:1470–1476 Available at 
http://dx.doi.org/10.1016/j.foodchem.2008.11.036. 

Economic Research Service USDA (2020). National Chicken Council: 
U.S. Broiler Production. Retrieved at: 
https://www.nationalchickencouncil.org/about-the-industry/statistics/u-
s-broiler-production/. Accessed May 12, 2020. 

Ercolini D, Russo F, Nasi A, Ferranti P, Villani F (2009). Mesophilic and 
psychrotrophic bacteria from meat and their spoilage potential in vitro 
and in beef. Applied and Environmental Microbiology, 75:1990–2001. 

Hawkins JL, Vimini B, Schwarz JG, Nichols P, Parveen S (2016). 
Application of antimicrobial agents via commercial spray cabinet to 
inactivate Salmonella on skinless chicken meat. Journal of Food 
Protection, 79:569–73. Available at 
http://www.ncbi.nlm.nih.gov/pubmed/27052860. 

Melo A, AM de, Geraldine RM, Silveira MFA, Lopes MC, Silva C, 
Fernandes TH, de Oliveira AN (2012). Microbiological quality and 
other characteristics of refrigerated chicken meat. Brazilian Journal of 
Microbiology, pages, 141–142. 

Park S, Harrison MA, Berrang ME (2017).  Postchill antimicrobial 
treatments to control Salmonella, Listeria, and Campylobacter 
contamination on chicken skin used in ground chicken. Journal of 
Food Protection 80:857–862. 

Rouger A, Tresse O, Zagorec M (2017). Bacterial contaminants of 
poultry meat: Sources, species, and dynamics. Microorganisms, 5:50 
Available at http://www.mdpi.com/2076-2607/5/3/50. 

SAS Institute Inc (2013). Version 9.3, Cary, NC. 
Sharma CS, Ates A, Joseph P, Soni KA, Schilling MW, Kiess A (2013).  

Evaluation of antimicrobial effects of lauric arginate on reduction of 
Salmonella spp. in ground chicken †. International Journal of Food 
Science & Technology 48:1410–1415. 

United States Department of Agriculture Food Safety and Inspection 
Services. (2013a). Ground Poultry and Food Safety. Available at 
https://www.fsis.usda.gov/wps/portal/fsis/topics/food-safety-
education/get-answers/food-safety-fact-sheets/poultry-
preparation/ground-poultry-and-food-safety/CT_Index. Accessed May 
12, 2020. 

United States Department of Agriculture Food Safety and Inspection 
Services (2013b) Lauramide arginine ethyl ester (LAE) approval for 
Ground Poultry. Safe and suitable ingredients used in the production 
of meat, poultry, and egg products. 7120.1 Revision 15, April 30, 
2013, Page 28. 

United States Department of Agriculture Food Safety and Inspection 
Services (2018). Top U.S. states based on number of chickens 2018 

Available at https://www.statista.com/statistics/196085/top-us-states-by-
number-of-chickens/. Accessed May 27, 2020. 

United States Department of Agriculture Food Safety and Inspection 
Services (2019). Pathogen Reduction-Salmonella and 
Campylobacter Performance Standards Verification Testing 
Objectives. Retrieved at 
https://www.fsis.usda.gov/wps/wcm/connect/b0790997-2e74-48bf-
9799-85814bac9ceb/28_IM_PR_Sal_Campy.pdf?MOD=AJPERES, 
Accessed May 12, 2020. 

World Health Organization (2015). Food safety. Available at 
http://www.who.int/topics/food_safety/en/. 

 
 
 

 
 
 


