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Traditional kosher meat processing involves the following steps after slaughtering: soaking with water to
remove blood, salting to help draw out more blood, and rinsing to remove salt. However, the impact of the salt
used on foodborne pathogens and beef quality is not well understood. The objectives of the current study were
to determine the effectiveness of salt in reducing pathogens in a pure culture model, on surfaces of inoculated
fresh beef during kosher processing, and the effect of salt on beef quality. The pure culture studies indicated
that the reduction of E. coli O157:H7, non‐O157 STEC, and Salmonella increased with increasing salt concen-
trations. With salt concentrations from 3 to 13%, salt reduced E. coli O157:H7, non‐O157 STEC, and Salmonella
ranging from 0.49 to 1.61 log CFU/mL. For kosher processing, the water‐soaking step did not reduce patho-
genic and other bacteria on the surface of fresh beef. Salting and rinsing steps reduced non‐O157 STEC,
E. coli O157:H7, and Salmonella ranging from 0.83 to 1.42 log CFU/cm2, and reduced Enterobacteriaceae, col-
iforms, and aerobic bacteria by 1.04, 0.95, and 0.70 log CFU/cm2, respectively. The salting process for kosher
beef resulted in reducing pathogens on the surface of fresh beef, color changes, increased salt residues, and
increased lipid oxidation on the final products.
Kosher slaughter of animals and meat processing is carried out in
accordance with rabbinic law, in which stunning before slaughter is
not acceptable (Anil, 2012). The animal must be conscious at the time
of slaughter and may only be performed by a certified person called a
“shochet”. After the slaughtering, the animals are gutted and skinned.
At this point, certain major veins and arteries are removed from meat
animals such as cows and sheep, a process known as “nikkur”. Accord-
ing to Jewish dietary laws (Angel, 1994), koshering is the final step in
the process of making meat fit for the consumption by Jewish con-
sumers. In koshering, blood is removed from the meat, and then the
meat is soaked in water for at least half an hour, salted with coarse salt
known as “melichah” or salting for 45–60 min, and finally by triple
rinsing (Regenstein & Regenstein, 1988), which has been practiced
for over 3000 years and for the most part has not changed. It is widely
known that beef carcasses can become contaminated with pathogens
and spoilage bacteria during the harvesting process, particularly up
to and during hide removal (Bell, 1997; Brichta‐Harhay et al., 2008).
Cross‐contamination, posthide removal as well as during fabrication,
can also occur (Villarreal‐Silva et al., 2016). Keeping products safe
and free from contamination with pathogenic bacteria such as Shiga
toxin‐producing Escherichia coli (STEC) and Salmonella is one of the
greatest challenges for the meat industry. The Centers for Disease Con-
trol and Prevention (CDC) estimate the approximate annual number of
illnesses due to Salmonella, Escherichia coli O157:H7, and six ser-
ogroups non‐O157 STEC as 1.2 million, 97,000, and 170,00 illnesses,
respectively (Scallan et al., 2011).

Numerous thermal and chemical interventions to reduce at least
90% of STEC and Salmonella have been successfully developed and
implemented to reduce the risk of contamination of meat and meat
products during the conventional harvesting process (Koohmaraie
et al., 2007; Wheeler et al., 2014). However, potential microbial con-
tamination by foodborne pathogens and the efficacy of pathogen
reduction during kosher meat processing have not been systematically
studied. Steam and hot water cannot be applied to reduce microbial
contamination until after the meat has been salted due to heat denatur-
ing of meat, trapping the blood within the flesh (Marsden, 2013;
Rastogi, 2010). The Egyptians were the first to realize the preservation
possibilities of salt (Butler, 2013). Salt draws the moisture out of foods,
drying them and potentially making it possible to store meat without
refrigeration for extended periods of time. However, information on

http://crossmark.crossref.org/dialog/?doi=10.1016/j.jfp.2023.100088&domain=pdf
https://doi.org/10.1016/j.jfp.2023.100088
http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:norasak.kalchayanand@usda.gov
https://doi.org/10.1016/j.jfp.2023.100088
http://www.sciencedirect.com/science/journal/0362028X
http://www.elsevier.com/locate/jfp


N. Kalchayanand et al. Journal of Food Protection 86 (2023) 100088
the impact of the kosher beef salting process on foodborne pathogens
and beef quality is very limited.

There also are significant health problems associated with the con-
sumption of excess salt. Excess sodium increases the risk of high blood
pressure, stroke, and cardiovascular disease, the leading cause of death
in the United States (CDC, 2017). The recommended upper limit of
sodium intake for adults is 2,300 mg per day, and the estimated aver-
age intake for adult females is over 3,000 mg per day and about
4,500 mg per day for adult males (HHS & USDA, 2015).

Commercial safety data regarding the kosher beef market is very
limited because the United States Department of Agriculture (USDA)
does not keep statistics on kosher slaughter. Moreover, most of the
kosher packers, processors, and distributors are privately held compa-
nies, which do not publish their business information in the public
domain. Many antimicrobial interventions cannot be applied due to
kosher restrictions. Therefore, the objectives of this study were to
determine the effectiveness of salt on the kosher process in reducing
pathogens on surfaces of fresh beef, and the effect of added salt on beef
quality.
Table 2
Different kosher salt concentrations treatment set up in pure culture study

Target conc. Stock NaCl (30%) Sterile water 2X nutrient broth Inoculum

0% 0 µL 450 µL 450 µL 100 µL
3% 108.25 µL 341.75 µL 450 µL 100 µL
6% 216.5 µL 233.5 µL 450 µL 100 µL
13% 433 µL 17 µL 450 µL 100 µL
Materials and methods

Bacterial strains, growth conditions, and preparation of inoc-
ula. Two isolates each of non‐O157 STEC serotypes O26:H11, strains
3392 and 3891; O45:H2 strains 01E‐1269 and O45 WDG3; O103:
H2, strains 2421 and G5550637; O111:NM, strains 1665 and
3007:85, O121:H7 and O121:H19 02E‐2074; O145:NM and O145
GB; O157:H7, three isolates of Escherichia coli O157:H7, strain ATCC
43895, FSIS 3, and FSIS 4; two isolates each of Salmonella Newport,
strains 13109 and 15124; Typhimurium, strains 14218 and DT‐104
from the United States Meat Animal Research Center (USMARC) cul-
ture collection were grown individually and statically for 16 to 18 h
at 37°C in nutrient broth (Becton and Dickinson, Detroit, MI). All
non‐O157 STEC strains were isolated from human cases except strains
O45 WDG3, O121:H7, and O145 GB which were isolated from bovine
animals. Three E. coli O157:H7 strains were isolated from hemorrhagic
colitis outbreaks. All Salmonella strains were isolated from bovine ani-
mals. Each strain was adjusted with nutrient broth (BD) to a cell con-
centration of approximately 1.5 × 108 CFU/mL using a precalibrated
spectrophotometer with McFarland equivalence turbidity standards
(ThermoFisher Scientific) at 600 nm with the absorbency between
0.08 and 0.1. Three inocula were formulated for the pure culture study
by mixing an equal volume of each strain. For the fresh beef inocula-
Table 1
Bacterial strains and inoculum information

Bacterial species Serotype Strain/sourcea C

Escherichia coli O26:H11 3392/Hum. T
Escherichia coli O26:H11 3891/Hum. T
Escherichia coli O45:H2 01E-1269/Hum. L
Escherichia coli O45 WDG3/Bov. L
Escherichia coli O103:H2 2421/Hum. L
Escherichia coli O103:H2 G5550637/Hum. L
Escherichia coli O111:NM 1665/Hum. D
Escherichia coli O111:NM ECRC3007/Hum. D
Escherichia coli O121:H7 GB/Bov. S
Escherichia coli O121:H19 02E-2074/Hum. L
Escherichia coli O145:NM GS5578620/Hum. P
Escherichia coli O145 GB/Bov. P
Escherichia coli O157:H7 ATCC 43895/Hum. H
Escherichia coli O157:H7 FSIS 3/Hum. H
Escherichia coli O157:H7 FSIS 4/Hum. H
Salmonella N/A Newport 13109/Bov. C
Salmonella N/A Newport 15124/Bov. C
Salmonella N/A Typhimurium 14218/Bov. C
Salmonella N/A Typhimurium DT-104/Bov. C

a Source; Hum., human isolate; Bov., bovine isolate. N/A, not applicable.
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tion study, these inocula were 10‐fold diluted with maximum recovery
diluent (MRD; Difco, BD). Inoculum I was composed of all twelve non‐
O157 STEC serotypes O26, O45, O103, O111, O121, and O145. Inocu-
lum II was composed of E. coli O157:H7 strains ATCC 43895, FSIS 3,
and FSIS 4, while the inoculum III was composed of two strains of S.
Newport and two strains of S. Typhimurium (Table 1). All inocula
were prepared within 30 min and kept in an ice bath to prevent cell
proliferation for 30 min before use in the studies.

Pure culture study for different kosher salt concentrations
treatment. A stock salt solution (30% w/v) was prepared by weighing
30 g of kosher salt (Cargill Incorporated) and brought the volume to
100 mL. The well‐mixed salt solution was autoclaved for sterilization
and cooled to room temperature before use. To determine the effec-
tiveness of salt on reducing the target pathogens, each inoculum was
subjected to different salt concentrations of 0, 3, 6, and 13% (Table 2)
using a 2‐mL cluster tube (VWR) and incubated at 4°C for 1 h before
enumeration. The temperature of 4°C was selected based on slowing
the growth of bacterial cells in untreated control samples. Two tubes
were used for each inoculum, and three repetitions were conducted
for this study. Each bacterial salt solution was serially diluted 10‐
fold with maximum recovery diluent (MRD; Difco, BD) and surface
plated on selective agar media USMARC chromogenic agar (UCA;
Kalchayanand et al., 2013) and xylose lysine deoxycholate (XLD;
Remel) and nonselective medium tryptic soy agar (TSA; Difco, BD)
using a spiral plater (Spiral Biotech). All plates were incubated at
37°C for 24–36 h for enumeration. A nonselective medium was used
to enumerate the injured bacterial cells inflicted from the salt treat-
ment that may have not survived on the selective medium. Presump-
tive colonies of STEC and Salmonella were confirmed using both
agglutination tests (Oxoid, Remel) and multiplex PCR (Kalchayanand
et al., 2013; Paton & Paton, 1998; Perelle et al., 2004; Rahn et al.,
1992).

Fresh beef preparations and inoculation. Fifteen fresh beef
flanks (cutaneous trunci muscle) were collected from a local beef cattle
olony color on USMARC Chromogenic agar Inoculum group

urquoise 1
urquoise 1
ight blue green 1
ight blue green 1
ight green 1
ight green 1
ark blue green 1
ark blue green 1
mall purple 1
ight blue gray 1
urple 1
urple 1
unter green 2
unter green 2
unter green 2
olorless 3
olorless 3
olorless 3
olorless 3
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processing plant, vacuum‐packaged, and stored at −20°C until use.
For each repetition, five frozen beef flanks were thawed at 2–4°C
and each flank with approximately 2.5 cm thickness was aseptically
cut into 5 by 10 cm (approximate 100 g) pieces for a total of 20 pieces.
The 20 pieces of fresh beef were equally divided into five groups as fol-
lows: (1) untreated control, (2) water soaked, (3) water soak and
chilled, (4) salted and rinsed, and (5) salted, rinse, and chilled. Three
repetitions were conducted for the study. Each inoculum was applied
individually before subjecting it to kosher processing on one side each
of the 20 fresh beef tissues, and the inoculum was spread over the
entire area using a sterile disposable hockey stick. The concentration
of the target bacteria was approximately 104–105 CFU/cm2

. The inocu-
lated fresh beef tissues were held at 4°C for 15–20 min for bacterial cell
attachment before kosher processing. The holding time of 15–20 min
was based on evidence that most attachment of E. coli occurs between
1 and 20 min over a wide temperature range (2.5–37°C) with little
increase occurring after 20 min (Butler et al., 1979).

Kosher processing and sample collection. Before kosher process-
ing, four inoculated fresh beef tissues were placed individually in filter
bags as untreated control samples and enumerated for an initial popu-
lation. In this study, the kosher processing steps followed one of the
commercially produced kosher beef plants in the United States with
slight modifications to accommodate handling in the laboratory. Six-
teen pieces (50 cm2 each) of inoculated fresh beef were soaked in
tap water (four pieces per 1 L) for 45 min. After soaking, the excess liq-
uid was allowed to drip off the beef tissues for 30 s on a stainless steel
rack. Four pieces of beef tissue were individually placed in sterile filter
bags for enumeration to determine the populations after water soak-
ing. Another four pieces of beef tissues were placed each piece individ-
ually in filter bags and stored at 4°C for 48 h before enumeration to
determine the population after water soaking and chilling. For the
other eight pieces, each piece (50 cm2) of water‐soaked and dripped
off the excess liquid of beef tissues was transferred to a weigh boat
containing 75 g of kosher salt. Each piece of beef was rolled until
entirely covered with kosher salt with slight rubbing on all exposed
meat surfaces and incubated for 45 min at 4°C. The amount of salt
required to cover all the exposed meat tissue was predetermined to
be 75 g/piece for consistency throughout the study. After the salting
of eight beef tissues was completed, each piece of the tissue was ran-
domly held with tongs and shaken for 5 s under 2 L of tap water in
a stainless steel tub to remove most of the salt. The eight pieces of
washed beef tissues were placed and held in the stainless steel tub
for 2 min for the first rinse. After 2 min, each piece of beef tissue
was then randomly shaken under the water of the same tub for five
s and placed in another stainless steel tub containing 2 L of tap water
for the second rinse. The third rinse was repeated after the second
rinse, and the excess liquid from the eight beef tissues was allowed
to drip off for 30 s on a stainless steel rack before placing each piece,
individually, in filter bags. Four filter bags containing beef tissues were
enumerated immediately, while the other four bags were stored aero-
bically at 4°C for 48 h before enumeration, to determine the survivors
after salting, rinsing, and chilling. Three repetitions were conducted
for the study.

Enumeration and culturing. A 150‐mL aliquot of buffered pep-
tone water (Difco, BD) was added into each filter bag containing beef
tissue (50 cm2) and was homogenized for 2 min using a stomacher
(BagMixer® 400; Interscience). Each homogenate was 10‐fold serially
diluted with MRD. Appropriate dilutions were spiral plated (Spiral Bio-
tech) using UCA for the enumeration of E. coli O157:H7 and non‐O157
STEC, XLD for the enumeration of Salmonella, TSA for the enumeration
of aerobic bacteria (AB). For Enterobacteriaceae (EBC) and coliforms
(CC), Petrifilm™ for Enterobacteriaceae and coliform count plates
(3M Corporation) were used for enumeration, according to the manu-
facturer’s recommendations. The agar plates were incubated at 37°C
for 24–36 h before counting E. coli O157:H7 and non‐O157 STEC
(Kalchayanand et al., 2013); Salmonella, AB, EBC, and CC. The limit
3

of detection for spiral plate and for Petrifilm™ was 80 and four CFU/
cm2, respectively.

Determination of salt residues and lipid oxidation of kosher
beef. To determine the effects of kosher salt on fresh beef quality,
36 fresh beef tissues were divided into two groups, untreated control
samples and kosher processed samples. The first group of 18 untreated
tissue samples were placed in plastic bags (Whirl‐Pak; oxygen trans-
mission rate 450 cc/100 in2/24 h). Nine sample bags were analyzed
immediately for 0 d, and the other nine sample bags were stored for
7 d at 2–4°C. The second group of 18 fresh beef tissues were subjected
to kosher processing as described above. The 18 salted‐rinsed tissue
samples were placed in plastic bags (Whirl‐Pak) and stored for 0 and
7 d at 2–4°C. Untreated control and salted‐rinsed tissue samples were
extracted for the determination of salt residues and lipid oxidation
from beef tissues. For salt residues at each time interval, 25 g of
untreated control and salted‐rinsed beef samples were excised and
homogenized with 25 mL of cold phosphate buffer (4°C at pH 6.5)
for 2 min using a stomacher. A 5‐mL aliquot was filtered through a
0.45‐µm membrane filter (Pall Corporation) to eliminate meat and
fat particles. The concentration of salt residues of the filtrate was
determined using a chloride portable photometer (Hanna Instruments)
according to the manufacturer’s recommendations. For lipid oxidation,
10‐g samples were excised from the untreated control and salted‐
rinsed beef samples and were homogenized with 10 mL of cold phos-
phate buffer (pH 6.5) for 2 min at 20,000 rpm using a homogenizer
(Tekmar Tissumizer, SDT‐181059, Tekmar Co.). The thiobarbituric
acid reactive substance (TBARS) analysis was used to measure lipid
oxidation from the tissue homogenate according to the manufacturer’s
recommendations and expressed as milligram of malondialdehyde per
kilogram of meat (mgMDA/kg) using a Quantichrom thiobarbituric
acid reactive substances (TBARS) assay kit (DTBA‐100, BioAssay
Systems).

Statistical analysis. The enumeration numbers were log‐
transformed prior to analysis. Sodium chloride concentration and
TABRS lipid oxidation also provided information on whether kosher
processing caused changes in organoleptic perceptions related to con-
sumer acceptance. Data, including enumerations, salt residues, and
lipid oxidation, were analyzed using one‐way analysis of variance
(ANOVA) with kosher salt treatment as the main effect. The Tukey‐
Kramer test was used for the comparison of means between pairs with
the probability level at P ≤ 0.05 using JMP (Statistical Discovery™
from SAS, version 13.1.0).
Results and discussions

Pure culture study. Each inoculum, E. coli O157:H7, non‐O157
STEC, and Salmonella, was treated with different kosher salt concentra-
tions to determine the efficacy of salt in reducing the target microor-
ganisms at different storage times. Reduction of E. coli O157:H7,
non‐O157 STEC, and Salmonella increased with increasing concentra-
tions of salt (Table 3). On the nonselective medium, salt concentra-
tions from 3 to 13% significantly reduced E. coli O157:H7 from 0.19
to 0.47 log CFU/mL after 1 h exposure at 4°C. Similarly, salt concen-
trations of 3–13% significantly reduced non‐O157 STEC from 0.12 to
0.55 log CFU/mL and reduced Salmonella from 0.09 to 0.37 log
CFU/mL (Table 3). Madril and Sofos (1985) and Boons et al. (2013)
who reported that when levels of salt were increased, bacterial growth
decreased.

Enumeration of the target organisms using selective media had sim-
ilar results as a nonselective medium, but the bacterial reduction from
salt treatment was higher (Table 3). On selective media, salt treatment
reduced E. coli O157:H7, non‐O157 STEC, and Salmonella from 0.49 to
1.46 log CFU/mL, from 0.50 to 1.61 log CFU/mL, and from 0.58 to
1.39 log CFU/mL, respectively, after 1 h exposure time.



Table 3
Different sodium chloride (NaCl) concentrations against target pathogens

Population (log CFU/mL)aa

Pathogenb %NaCl (w/v)c n Non-selective Selective log Injury

E. coli O157:H7 0 6 7.11 ± 0.10 6.70 ± 0.12
3 6 6.95 ± 0.09 (0.19B)d 6.21 ± 0.21 (0.49C) 0.74 ± 0.18C

6 6 6.84 ± 0.07 (0.27B) 5.81 ± 0.20 (0.89B) 1.03 ± 0.23B

13 6 6.64 ± 0.14 (0.47A) 5.23 ± 0.32 (1.47A) 1.41 ± 0.24A

nSTEC 0 6 7.03 ± 0.15 6.34 ± 0.65
3 6 6.91 ± 0.12 (0.12B) 5.83 ± 0.51 (0.51C) 1.08 ± 0.50B

6 6 6.83 ± 0.13 (0.20B) 5.30 ± 0.70 (1.04B) 1.52 ± 0.75AB

13 6 6.48 ± 0.38 (0.55A) 4.73 ± 0.75 (1.61A) 1.76 ± 0.74A

Salmonella 0 6 6.93 ± 0.21 6.00 ± 0.69
3 6 6.84 ± 0.23 (0.09B) 5.41 ± 0.48 (0.59B) 1.43 ± 0.36B

6 6 6.76 ± 0.25 (0.17B) 4.97 ± 0.53 (1.03AB) 1.80 ± 0.49AB

13 6 6.56 ± 0.27 (0.37A) 4.60 ± 0.73 (1.40A) 1.96 ± 0.61A

ABC Means in the same column within the same type of microorganism at different %NaCl bearing the same letter are not significantly different (P ≥ 0.05).
a Nonselective medium, tryptic soy agar; selective medium, USMARC chromogenic agar medium.
b O157, E. coli O157:H7; nSTEC, non-O157 Shiga toxin-producing E. coli; Sal, Salmonella.
c NaCl treatment for 1 h at 4°C.
d Number in parentheses indicates log reduction.
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The pure culture study reductions of E. coli O157:H7, non‐O157
STEC, and Salmonella on the nonselective medium were 0.55 log
CFU/mL or less after 1 h with 13% salt. This indicated that salt had
low inactivation ability against these pathogens. In contrast, the reduc-
tions of these pathogens were between 1.40 and 1.61 log CFU/mL
after 1 h with 13% salt when using selective media. This indicated that
salt caused an inhibitory effect and inflicted injury to these pathogens
(Table 3). Salt treatment for 1 h significantly inflicted injury on E. coli
O157:H7, non‐O157 STEC, and Salmonella from 0.74 to 1.41 log CFU/
mL, from 1.08 to 1.76 log CFU/mL, and from 1.43 to 1.96 log CFU/mL,
respectively.

Kosher processing of fresh beef. For the inoculation study on sur-
faces of fresh beef, the survivors of non‐O157 STEC, E. coli O157:H7,
and Salmonella during the kosher process are presented in Table 4.
The initial population of non‐O157 STEC, E. coli O157:H7, Salmonella,
Enterobacteriaceae, coliforms, and aerobic bacteria did not change
(P > 0.05) after soaking for 45 min in tap water, indicating that bac-
terial cells were firmly attached on surfaces of fresh beef, 20 min after
inoculation. However, water soaking for 45 min followed by chilling
for 48 h at 4°C significantly reduced the population of non‐O157 STEC
serogroups O26, O103, O111, O145, E. coli O157:H7, Salmonella, and
Enterobacteriaceae from 0.27 to 0.60 log CFU/cm2 compared to con-
Table 4
Bacterial populations on surfaces of fresh beef during kosher processing

log population (CFU/cm2)

Treatmentb n O26 O45 O103 O111 O12

Control 12 4.74A 4.64A 4.86A 4.60A 4.76
Water soaked 12 4.68A 4.64A 4.72AB 4.69A 4.64
Water soaked-chilled 12 4.47B 4.50A 4.46B 4.10B 4.54
Salted and rinsed 12 3.88C 3.54B 4.03C 3.57C 3.93

(0.86)c (1.10) (0.83) (1.06) (0.8
Salted rinsed-chilled 12 3.62D 3.51B 3.83C 3.02D 3.74

(1.12) (1.13) (1.03) (1.58) (1.0

A-D Means in the same column for each bacterial survivor with the same letter ar
a Serogroups O26, O45, O103, O111, O121, and O145, non-O157 STEC; O157, E
counts; AB, aerobic bacteria.
b Control, inoculated without any treatment; water soaked, inoculated, and soak

and rinsed three times for 2 min each with water. The chilled beef samples were e
enumeration. The average background flora of three beef flanks were approximate

c Number in parentheses indicates log reduction.
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trols, but elicited no reduction of non‐O157 STEC serogroups O45
and O121, coliforms, and aerobic bacteria. When kosher salt was
applied for 45 min and then excess salt rinsed off, all non‐O157 STEC,
E. coli O157:H7, Salmonella, Enterobacteriaceae, coliforms, and aero-
bic bacteria populations on surfaces of fresh beef were significantly
reduced from 0.70 to 1.42 log CFU/cm2 compared to control (Table 4).
A slight additional reduction of the target organisms was shown after
salting, rinsing, and chilling for 48 h at 4°C. Salt treatment reduced ser-
ogroups O45, O111, O145, E. coli O157:H7, and Salmonella slightly
more than 1 log CFU/cm2, while salt treatment reduction was approx-
imately 0.8 log CFU/cm2 for serogroups O26, O103, and O121.
(Hajmeer et al. (2004) inoculated E. coli O157:H7 and Staphylococcus
aureus on surfaces of fresh beef briskets and spray‐treated with a
25% salt solution. The salt solution produced a 1 log reduction of
E. coli O157:H7 but did not reduce Staphylococcus aureus. Studies have
shown that rubbing salt onto the surface of meat, in the koshering pro-
cess, reduced E. coli, Salmonella, coliforms, and aerobic bacteria on
beef briskets (Hajmeer et al., 1999), which agreed with the present
studies. Salting for 45 min induced stress on the pathogens, leading
to some reductions of target microorganisms depending on bacterial
strains. Enumeration with non‐selective medium both in the pure cul-
ture and the inoculation studies also indicated that salt treatment at
1 O145 O157 Sal EBC CC AB

A 4.74A 4.83A 4.58A 5.10A 4.79A 5.32A
A 4.51AB 4.76A 4.45AB 4.99AB 4.74A 5.26A
A 4.35B 4.23B 4.22B 4.81B 4.58A 5.23A
B 3.49C 3.41C 3.47C 4.06C 3.84B 4.62B

3) (1.25) (1.42) (1.11) (1.04) (0.95) (0.70)
B 3.30C 3.24C 3.20C 3.95C 3.80B 4.44C

2) (1.44) (1.59) (1.38) (1.15) (0.99) (0.88)

e not different significantly (P > 0.05).
. coli O157:H7; Sal, Salmonella; EBC, Enterobacteriaceae counts; CC, coliform

ed in water for 45 min; salted and rinsed, covered with kosher salt for 45 min
ither soaked or salted and rinsed and stored aerobically at 4°C for 48 h before
ly 2 to 3 × 103 CFU/cm2 using Petrifilm aerobic count plates 3M.
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13% or salted and rinsed reduced target bacteria by less than 1 log
(Table 3; 0.37 to 0.55 log CFU/cm2 and Table 4; 0.70 log CFU/cm2)
compared to water soaking only and could not be considered as an
effective killing step.

Salt has a bacteriostatic property and aids in controlling the micro-
bial flora of meat (Desmond, 2006). Salt works as a preservative to
reduce or inhibit microbial growth including pathogens, mainly due
to associated changes from lower water activity, drawing water from
cells of both food and bacteria, and increased ionic strength
(Albarracín et al., 2011; Hajmeer et al., 1999). In very high salt solu-
tions, an increase in external cell osmotic pressure causes water efflux
and dehydration. When salt is removed, many microorganisms will be
ruptured due to the osmotic pressure difference between the outside
and inside of the organism. High salt also interferes with a microorgan-
ism’s enzyme activity and weakens the molecular structure of its DNA
(Parish, 2006)

Kosher processing and fresh beef quality. Since salting is a
major part of the koshering process, these experiments have evaluated
the salt content in meat and the effect of salt on meat quality traits.
The effects of kosher processing on salt residues, lipid oxidation, and
color of fresh beef are presented in Table 5 and Figure 1. The salt resi-
due was significantly higher from the kosher processed beef samples
than from the unsalted control beef samples. There was no difference
(P > 0.05) between the unsalted control and kosher processed beef
samples during storage at 0 and 7 d at 4°C. In the present study, the
salt residue from kosher beef was 14 times higher than nonkosher beef
(Table 5). Excess sodium intake can be detrimental to human health,
including high blood pressure and increased risk of heart attack or
stroke (Karppanen & Mervaala, 2006; Roberts, 2001). According to
the United States Department of Health and Human Service and Uni-
ted States Department of Agriculture dietary guidelines, the recom-
mended sodium intake for adults is no more than 2,300 mg per day
and further reduced to 1,500 mg for people who are 51 and older, Afri-
can American, or have hypertension, diabetes, or chronic kidney dis-
ease (HHS & USDA, 2010). Meat naturally contains less than
100 mg/100 g of sodium, therefore, people 51 and older, those diag-
nosed with cardiovascular disease, stroke, and coronary heart disease,
African Americans, or those who have hypertension, diabetes, or
Table 5
Effect of kosher processing on salt residues and lipid oxidation of fresh beef.

Treatmenta n Storage timeb

(d)

Control 9 0
9 7

Salted-rinsed 9 0
9 7

A-B Means in the same column for each treatment with the same letter are differe
a Control, no treatment; Salted-rinsed, salted and rinsed, covered with kosher sa
b Fresh beef samples were stored aerobically in individual plastic bags at 4°C.
c TBARS, thiobarbituric acid reactive substances expressed as mg malonaldehyd

Figure 1. Differences in fresh beef color during kosher processing. A, control; B

5

chronic kidney disease must be considered when consuming kosher
beef. In most commercial kosher processing facilities, meat is, how-
ever, koshered in very large pieces from the forequarter such as shoul-
der, chuck, rib, and brisket. Since only small pieces (50 cm2) from cut
beef flanks were salted in the present study, the surface area to volume
of meat ratio was much larger, which contributed to a larger salt con-
tent per 100 g.

The TBARS value, expressed as mg malondialdehyde (MDA) per kg,
represents the degree of lipid oxidation of foods. The results of lipid
oxidation of fresh beef due to salt from kosher processing are pre-
sented in Table 5. The TBARS values of both unsalted and salted fresh
beef were similar at day 0 (P > 0.05), but the amount of malondialde-
hyde from kosher beef significantly increased to three times the
amount in the nonkosher beef after 7 d of storage. The increased salt
content, which can lead to faster lipid oxidation, could lower the shelf
life (Mariutti & Bragagnolo, 2017) and make kosher meat less desir-
able from salt‐accelerated lipid oxidation.

The kosher process also affected the fresh beef color. Representa-
tive examples of the color of untreated control, water‐soaked, and
salted and rinsed beef samples are presented in Figure 1. Water soak-
ing for 45 min caused a lighter red color (Fig. 1B) compared to the
untreated control samples (Fig. 1A). After salting for 45 min and three
water rinses, the color was darker with a slight brown tint (Fig. 1C)
compared to the untreated control samples. This confirms that salting
meat results in a loss of the red color associated with fresh meat.
Hamm and Lawrie (1981) and Park et al. (1987) indicated that the
addition of salt to meat destabilizes the muscle proteins, accelerates
protein denaturation, and thus leads to an increased discoloration.
The salting of meat has been recognized to have three effects on meat
color: (1) acting as a pro‐oxidant for heme pigment oxidation, causing
the meat to turn brown; (2) denaturing enzymes; and (3) increasing
the water‐binding capacity of meat proteins, thereby making the tis-
sues more translucent and darker (Price & Schweigert, 1987).

In conclusion, water soaking alone did not reduce the population of
non‐O157 STEC, E. coli O157:H7, and Salmonella. The salting pro-
cessed reduced non‐O157:H7, E. coli O157:H7, and Salmonella on sur-
faces of fresh beef, but was not enough to be considered an effective
kill step. Therefore, kosher beef should be cooked to temperatures
Salt concentrations TBARSc

(mg/100g) (mg MDA/Kg)

60.0B 0.19B

59.4B 0.32B

821.1A 0.14B

825.6A 0.97A

nt significantly (P > 0.05).
lt for 45 min and rinsed three times for 2 min each with water.

e (MDA) per kg fresh beef samples.

, after soaking in water for 45 min; C, after salting for 45 min and rinsing.
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advised by the USDA to avoid foodborne illness. The kosher salting
process produced color changes and increased the salt levels of the
final product, which could cause off‐flavors from salt‐accelerated lipid
oxidation.
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