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Abstract

Salmonella detection and isolation rely on different selective enrichment media,

which can influence which serovars are detected. The objective of this study was to

compare Salmonella recovery from broiler carcass rinses using three different selec-

tive enrichment protocols and three differential plating agars. Eight prechill broiler

carcasses were collected at a commercial slaughter facility. Each carcass was sub-

jected to whole carcass rinse procedure in buffered peptone water (BPW). An aliquot

of the rinse and whole carcasses in the remaining rinse were incubated as a pre-

enrichment before subculturing in selective enrichment broths (Rappaport Vassiliadis

[RV], Tetrathionate Hajna [TT], and TT to RV in series [TT-to-RV]). Enriched samples

were streaked on the three differential agars (Hektoen Enteric [HE], Brilliant Green

Sulfa [BGS], and Xylose-Lysine-Tergitol-4 [XLT-4]). Salmonella was isolated from all

eight carcasses. Considering all sample preparations as independent subsamples, Sal-

monella was detected in 88% (128/144) of subsamples with a 100% recovery from

the TT-to-RV enrichment, and 92 and 71% from RV and TT broths, individually. A

high concordance in recovery on BGS versus XLT-4 agar plates was observed com-

pared to HE versus BGS and HE versus XLT-4 plates. These data suggest that choice

of pre-enrichment method, selective enrichment medium, and differential agar can

influence the recovery of Salmonella from poultry samples.

1 | INTRODUCTION

Salmonella is a leading foodborne bacterial pathogen in the

United States, causing approximately 1.35 million illnesses each year

with an estimated incidence of 17.1 cases/100,000 persons

(CDC, 2021a; Tack et al., 2020). The gold standard for Salmonella

recovery from contaminated foods currently relies on federally

approved culture-based detection methods, which includes pre-

enrichment to recover injured Salmonella, selective enrichment to

inhibit other competing bacteria and allow Salmonella growth, and

selective plating on agar media that helps with differentiating Salmo-

nella from other bacteria (FDA, 2014; USDA, 2019). In addition to

this method, Salmonella can also be detected using commercially

available rapid screening methods such as PCR-based assays,

although colony isolation still requires selective enrichment and sub-

sequent plating.

Culture-based assessment of Salmonella on poultry carcasses by

the United States Department of Agriculture-Food Safety and Inspec-

tion Service (USDA-FSIS) during poultry processing begins with rins-

ing broiler carcasses in buffered peptone water (BPW) or neutralizing

BPW (nBPW) for 1 min and removing a 30-mL aliquot of the rinsate.

This rinse aliquot is diluted twofold in BPW and pre-enriched

for 24 hr. Neutralizing BPW was designed to eliminate the effect

of antimicrobials used during processing so that they can no longer

inhibit Salmonella during transport and pre-enrichment (USDA, 2019).

Pre-enrichment is followed by 24 hr selective enrichment in Tetrathionate
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Hajna (TT) and Rappaport Vassiliadis (RV) broths in parallel. These two

media select for Salmonella by inhibiting the growth of other bacteria. For

instance, TT broth contains tetrathionate, which is used as a terminal

electron acceptor by Salmonella, and brilliant green, which inhibits

the growth of gram-positive bacteria (Bernstein et al., 1999;

D'Aoust, 1981; Daquigan, Grim, White, Hanes, & Jarvis, 2016;

Winter et al., 2010). RV broth also selects for Salmonella by using low

pH, high concentration of magnesium chloride to increase osmotic

pressure, and malachite green to inhibit coliforms, Proteus spp.,

Escherichia coli, and other competing bacteria (Daquigan et al., 2016;

Rappaport, Konforti, & Navon, 1956; Vassiliadis, 1983; Vassiliadis,

Kalapothaki, Trichopoulos, Mavrommatti, & Serie, 1981). While these

selective enrichments are usually performed in parallel, some proto-

cols require that the broths are used in series where samples are

selectively enriched in TT broth, and then subcultured into RV

broth for a second enrichment (Rybolt, Wills, & Bailey, 2005;

Volkova, Bailey, & Wills, 2009).

For differential plating, xylose-lysine-tergitol-4 (XLT-4) is a

common differential agar used for Salmonella isolation; presumptive

Salmonella form distinctive black colonies on this agar due to

H2S production. The addition of Tergitol-4 improves recovery of

Salmonella while inhibiting other competing bacteria (Miller, Tate,

Mallinson, & Scherrer, 1991, 1992). However, XLT-4 is limited

because sometimes atypical Salmonella (H2S negative) are present

and cannot be easily detected; therefore, a second differential agar

is often used (FDA, 2014; Lin, Yan, Lin, & Chen, 2014; Mour~ao

et al., 2020). Brilliant green sulfa (BGS) agar differentiates Salmonella

from other bacteria by colonies that are pinkish red or opaque in

appearance and surrounded by red halo in the medium while

inhibiting E. coli and Proteus spp. (USDA, 2019). Hektoen Enteric

(HE) agar inhibits gram-positive bacteria and differentiates Salmo-

nella using bile salts, bromothymol blue, and acid fuchsin dyes to

produce blue to blue-green colonies with a black center (Chang

et al., 1999; Goo, Ching, & Gooch, 1973; King et al., 2005; Kristensen,

Lester, & Jürgens, 1925).

Studies have demonstrated that the type of sample preparation

and media choice can influence the quantity and identity of Salmo-

nella that are recovered. For instance, it has been shown that the

1-min carcass rinse is not sufficient to release all Salmonella on the

carcass into the pre-enrichment solution, whereas an overnight

whole carcass pre-enrichment typically identifies additional Salmo-

nella (Cox et al., 2019; Cox & Blankenship, 1975; Lillard, 1988;

Simmons, Fletcher, Berrang, & Cason, 2003). Previous studies have

also suggested that different Salmonella serovars can grow better in

different enrichment media; thus, the choice of selective enrichment

can influence which Salmonella are detected (Cox et al., 2019, 2020;

Gorski, 2012; Singer, Mayer, Hanson, & Isaacson, 2009; Temelli,

Eyigor, & Carli, 2010). The purpose of this study was to compare Sal-

monella recovery from pre-enriching an aliquot of carcass rinsate or

the whole carcass itself. Three different selective enrichment proto-

cols (RV, TT, and TT-to-RV) and three differential plating agars (HE,

BGS, and XLT-4) were tested.

2 | MATERIALS AND METHODS

2.1 | Sample collection and Salmonella isolation

Eight poultry carcasses, representative of two flocks (four from each

flock, collected on different days), were collected from the eviscera-

tion line of a commercial poultry processing plant prior to chilling. Sal-

monella was isolated from the carcasses following the modified

USDA-MLG protocol (USDA, 2019). The carcasses were rinsed in

400 mL of BPW (VWR, Radnor, PA) for 1 min before a 30-mL aliquot

referred to as rinse aliquot (RA) pre-enrichment was removed and

diluted twofold in a fresh BPW and then incubated at 37�C for 20–

24 hr. An alternative pre-enrichment in BPW was also obtained by

incubating the whole carcass in the remaining 370 mL BPW referred

to as whole carcass pre-enrichment (WCE) at 37�C for 20–24 hr.

After incubation, both pre-enrichment broths were added to 10 mL

each of TT and RV broths (VWR) by transferring 0.5 and 0.1 mL,

respectively, and incubated at 42�C for 24 hr. A third enrichment step

was also included by transferring 0.1 mL of the TT enriched cultures

after incubation into 10 mL RV broth and incubated at 42�C for 24 hr.

A 10-μL loopful of the overnight enriched samples (TT, RV, and TT-to-

RV) were plated onto selective agars HE, BGS, and XLT-4 (VWR) and

incubated at 37�C for 24 hr. After incubation, up to two presumptive

Salmonella colonies were picked from each plate and serotyped using

either Salmonella multiplex assay for rapid typing (Leader, Frye, Hu,

Fedorka-Cray, & Boyle, 2009) or sent to National Veterinary Services

Laboratories in Ames, IA for serotyping. A diagram of the sampling

scheme is shown in Figure 1.

2.2 | Statistical analyses

Salmonella recovery from the pre-enrichment and selective enrich-

ment media was compared using the Mann–Whitney test and the

level of significance was .05. The 2-tailed p-value was reported.

3 | RESULTS

Eight carcasses were each pre-enriched using two different prepara-

tions RA and WCE. The pre-enriched samples were enriched under

three different selective enrichment conditions (TT, RV, and TT-to-

RV) before plating onto three differential agars (HE, BGS, and XLT-4).

Considering all combinations as independent subsamples, a total of

144 subsamples were processed. Salmonella was identified in 88%

(128/144) of subsamples, with more Salmonella positive subsamples

following RV broth (96%; 46/48) enrichment than TT broth (71%;

34/48) enrichment. Salmonella was recovered from all TT-to-RV broth

enrichment subsamples (100%; 48/48) (Table 1).

Five Salmonella serovars were identified in this study with

Salmonella serovars Typhimurium and Schwarzengrund being the

most prevalent (recovered from each of seven carcasses), followed

2 of 6 OBE ET AL.
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F IGURE 1 Schematic of
sample collection and culture
conditions. Figure shows
workflow of Salmonella isolation
by conventional and experimental
culture conditions. BGS, brilliant
green sulfa agar; BPW, buffered
peptone water; HE, Hektoen
Enteric agar; RV, Rappaport

Vassiliadis broth; TT,
tetrathionate broth; XLT-4,
xylose-lysine-tergitol-4 agar

TABLE 1 Serovars of Salmonella recovered from chicken carcasses sampled by rinse or whole carcass pre-enrichment according to selective
enrichment and plating media

Carcass Sample

RV TT TT-RV dual

HE BGS XLT4 HE BGS XLT4 HE BGS XLT4

1 RA Kent Kent Kent,

Typm

– Kent Kent Kent Kent Kent

WCE – Schw, Typm Kent – Kent, Schw Kent Kent, Typm Kent, Typm Kent, Typm

2 RA Kent, Typm Kent, Typm Kent – Kent, Typm Typm Kent Kent, Typm Kent, Typm

WCE Kent Kent Kent – Kent, Typm Kent Kent, Typm Kent, Typm Kent

3 RA Kent Kent Kent – Kent Kent Kent Kent Kent

WCE Schw Schw Schw – Kent, Schw Kent, Typm Schw, Typm Schw, Typm Typm

4 RA Hada Hada Hada Hada Hada Hada Hada Hada Hada

WCE Kent Kent, Schw Hada,

Kent

Hada Hada Hada Hada Hada, Kent Hada, Kent

5 RA Schw Schw Schw – Entr Entr Typm Typm Typm

WCE – Schw Schw – Kent Kent Kent Kent Kent

6 RA Schw Schw Typm – Schw Entr, Schw Kent, Typm Entr, Typm Entr, Typm

WCE Schw Schw Typm – Schw Typm Kent, Typm Entr, Typm Entr, Typm

7 RA Entr Entr Entr – Entr Entr Entr Entr Entr

WCE Schw Schw Schw – Entr Entr, Schw Typm Typm Typm

8 RA Typm Typm Typm – Entr Entr, Typm Typm Typm Typm

WCE Schw Schw Schw – Entr, Typm Schw Typm Entr, Schw Schw

Total 14/16 16/16 16/16 2/16 16/16 16/16 16/16 16/16 16/16

Abbreviations: Entr, Enteritidis; Hada, Hadar; Kent, Kentucky; RA, rinse aliquot; Schw, Schwarzengrund; Typm, Typhimurium; WCE, whole caracss pre-

enrichment.

OBE ET AL. 3 of 6
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by serovars Kentucky and Enteritidis recovered from six and four

carcasses, respectively, while serovar Hadar was the least prevalent

(found on one carcass) (Table 1). Multiple serovars were recovered

from all carcasses: four serovars were recovered from Carcasses

5 and 6, three serovars were detected from each of four carcasses,

and two serovars were recovered from each of two carcasses. Over-

all, serovars Kentucky, Schwarzengrund, and Typhimurium were

detected more in WCE subsamples (total n = 12, 14, and 12, respec-

tively) than RA subsamples (n = 10, 3, and 10), while there were

more serovar Enteritidis detected in RA subsamples (n = 7) than

WCE subsamples (n = 4). However, there were no differences in the

detection of serovar Hadar from both pre-enrichment conditions

(Table 2). We sought to evaluate the influence of the selective

enrichment media relative to each pre-enrichment condition on ser-

ovars detected in subsamples. We found that the differences were

not significant for RV versus TT, RV versus TT-to-RV, and TT versus

TT-to-RV enrichments (all Mann–Whitney p-values were >.05;

Table 2). However, there were instances where a serovar was

detected more often in one enrichment media than others. For

example, in Carcasses 5, 6, and 8, serovar Enteritidis was only

detected following selective enrichment in TT broth but not after RV

broth enrichment, for both the RA and WCE samples. Furthermore,

we observed better enrichment of serovar Schwarzengrund follow-

ing RV broth enrichment than in TT or TT-RV broth enrichment; for

Carcass 5, serovar Schwarzengrund was recovered from all five prep-

arations following RV broth enrichment but not from any of the

other media conditions.

There was a higher concordance in Salmonella recovery from

all enrichment media (TT, RV, and TT-to-RV) when plated on either

BGS or XLT-4 agars compared to HE agar with the highest agree-

ment from the TT-to-RV enrichment broth (Table 1). This concor-

dance was also observed between HE agar and both BGS and XLT-4

agars for samples enriched in RV and TT-to-RV broths than TT broth

(Table 1). This appeared to be driven by a much lower Salmonella

recovery on HE agar after selective enrichment in TT broth. For each

plate where there were multiple colonies, we picked two colonies

and in 38 out of 144 subsamples, two different serovars were identi-

fied. This was more pronounced in samples enriched in TT and TT-

to-RV enrichment broths compared to RV broth (Table 3). Across all

enrichment media, there were more instances where Salmonella ser-

ovars Kentucky and Typhimurium identified together (n = 10) than

other serovars. There was also a higher occurrence of serovars

Enteritidis and Typhimurium together (n = 4) in the enrichment

media compared to other serovar combinations (Table 3).

4 | DISCUSSION

Salmonella outbreaks are commonly attributed to poultry and poultry

products, hence, the USDA-FSIS requires monitoring of Salmonella

during poultry processing to reduce contamination and ensure food

safety (CDC, 2021b; USDA-FSIS, 2015). Culture-based Salmonella iso-

lation procedures rely on the use of a variety of selective and differen-

tial media, which can influence Salmonella recovery (Cox et al., 2019,

2020; Gorski, 2012; Singer et al., 2009). All carcasses examined in this

study were contaminated with Salmonella; however, Salmonella was

not recovered under all culture conditions. The pre-enrichment step

of the Salmonella detection protocol is important, as it allows the

repair and resuscitation of cells that are damaged due to antimicrobial

used during processing (Hoorfar & Baggesen, 1998). Whole carcass

pre-enrichment was more sensitive than the RA pre-enrichment,

as demonstrated by the diversity in serovars recovered. The FSIS

Salmonella isolation protocol utilizes a rinse aliquot of 30 mL that is

incubated overnight (USDA, 2019), but this may not be sufficient

to resuscitate some serovars. For example, from Carcass 3, serovar

Schwarzengrund was detected from the WCE samples and not

from RA samples across all culture conditions. Salmonella serovar

Schwarzengrund has been reported to form strong attachment to

surfaces (Obe & Shariat, 2021) meaning this serovar might also

TABLE 2 Number of Salmonella
serovars recovered from eight carcasses
according to sample method and
enrichment media

Salmonella serovars

Rinse aliquot Whole carcass

RV TT TT-RV dual Total RV TT TT-RV dual Total

Enteritidis 1 4 2 7 0 2 2 4

Hadar 1 1 1 3 1 1 1 3

Kentucky 3 3 4 10 3 4 5 12

Schwarzengrund 2 1 0 3 7 5 2 14

Typhimurium 4 2 4 10 2 4 6 12

Note: p-value (RA): RV versus TT = .92; RV versus TT-RV = .92; TT versus TT-RV = .92. p-value (WCE):

RV versus TT = .53; RV versus TT-RV = .76; TT versus TT-RV = 1.

TABLE 3 Occurrence of two serovars detected on chicken
carcasses by enrichment media

Two serovars RV TT TT-RV dual Total

Enteritidis–Typhimurium – 2 2 4

Enteritidis–Schwarzengrund – 2 1 3

Hadar–Kentucky 1 – 1 2

Kentucky–Typhimurium 2 3 5 10

Kentucky–Schwarzengrund 1 2 – 3

Schwarzengrund–Typhimurium 1 – 1 2

Total 5 9 10 –

4 of 6 OBE ET AL.
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be attaching strongly to broiler skin surface and a 1-min carcass

rinse may not be sufficient to detach it into the medium during

sample collection (Borges et al., 2018; Cox et al., 2019; Obe &

Shariat, 2021).

There were no significant differences in Salmonella recovery

between the selective enrichment preparations tested and this is

likely due to the variability of Salmonella presence across the different

carcasses. Nevertheless, the data presented here suggest that ser-

ovars identified can differ depending on the selective enrichment

medium and differential agar utilized. This was most striking with pref-

erential selection of serovar Schwarzengrund following enrichment in

RV broth and, albeit not as striking, with serovar Enteritidis selection

in TT broth. We previously analyzed these same samples following

enrichment using a high-throughput sequencing approach that iden-

tifies all Salmonella serovars in an individual sample and saw similar

trends for serovars Schwarzengrund and Enteritidis, without the com-

plexity of potential plating biases (Cox et al., 2019). Improved selec-

tion for serovar Schwarzengrund in RV broth is also supported by

another recent study showing it was present at a higher relative fre-

quency in samples pre-enriched in BPW supplemented with malachite

green, which is a selective component of RV broth (Rasamsetti,

Berrang, Cox, & Shariat, 2021). These findings are important as some

Salmonella monitoring programs of live poultry go directly into TT

broth and thus may exclude serovar Schwarzengrund during the

enrichment (NPIP, 2014). Given recent outbreaks caused by this

serovar, our findings here stress the importance of parallel enrich-

ments (CDC, 2019). The TT-to-RV protocol appears to be sensitive

for detecting serovars Kentucky and Typhimurium, which could be

because both serovars were preferentially enriched in TT broth com-

pared to RV broth. We did not find HE agar to be a particularly effec-

tive agar in this study as following TT broth enrichment, it only

isolated serovar Hadar, which was also found on XLT-4 and BGS agar

plates. We included HE agar in this study as it is used alongside XLT-4

agar in some protocols (FDA, 2014), although we conclude that in the

current samples, enriched under tested conditions, HE agar was not

as effective as either XLT-4 or BGS agar.

Controlled studies in the future with known starting amounts

of different serovars could be used to establish the sensitivity

of different culture conditions for Salmonella recovery and how

competition between Salmonella serovars can impact recovery on

different agars. Results from the current study suggest that whole

carcass pre-enrichment might be necessary to release and to resus-

citate some Salmonella serovars and using multiple selective proto-

cols is important for recovering different serovars from poultry

samples.
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