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Abstract

Two commonly used methodologies for species deteatithin processed meat products
are real-time polymerase chain reaction (PCR), &bised method, and enzynimked
immunosorbent assay (ELISA), a protein-based metimaithis study, a real-time PCR assay was
compared to a commercial ELISA kit based on seritsitispecificity, agreement among
duplicate samples, cost, time, and ease of useeRifeference samples containing known
percentages (0.1-99.9%, w/w) of pork and beef vaeadyzed in duplicate using both methods.
Thirty commercial products, including sausages tigetts, and canned meats, were also tested in
duplicate with each method. Reference sample asaiswed real-time PCR was able to detect
pork in duplicate samples at 0.10% and beef at%.i0the binary mixtures. ELISA detected
pork in duplicate samples at 10.0% and beef at%4.®0the binary mixtures. When the results of
reference and commercial samples were combinedtim@PCR demonstrated the greatest
agreement among duplicate samples, at 96.7%, ceapa5.6% agreement for ELISA. The
real-time PCR assay used in this study was foure tess expensive, while ELISA was less
time-consuming and easier to perform. Both methveel® successful at identifying species in
ground meats, sausage, and deli meat samples; bovpet treats and canned meats proved
more challenging. Overall, it was determined thatreal-time PCR assay was optimal for
species identification in processed meat produbismnva low detection limit is required;
however, the ELISA kit may be advantageous in ositeations due to its ease of use.

Keywords: Real-time PCR, ELISA, Mislabeling, Species Idiadition, Beef, Pork
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1. Introduction

Meat and meat-based products make up a signifiiEncentage of the American diet,
with beef and pork being the top two red meats goresl (USDA 2013). On a per capita basis,
consumption levels in the U.S. for 2016 have baejepted to be 24.5 kg for beef and 21.3 kg
for pork (USDA 2013). These species are also siamt contributors to the global food trade,
with 59.0 million tons of beef and veal and 109.8iam tons of pork expected to be produced
globally in 2016 (USDA 2016). Meat species are oftentifiable when sold as whole cuts;
however, processing conditions and techniques rhagge the texture, flavor, and color of
meat, making it difficult to authenticate specie$dod products containing processed meats
(Cawthorn, Steinman, & Hoffman, 2013). The inabitt readily identify meat species in
processed products gives rise to the potentiaggecies mislabeling, in which one species is
substituted either partially or completely for dmertspecies.

In many cases, species mislabeling is a form ofe@eucally motivated adulteration
(EMA), in which a product is intentionally mislaleel for reasons of economic gain (FDA 2009).
Due to price differences among meat species, #rereconomic incentives associated with meat
species mislabeling. For example, the average rethie of beef in 2015 was US$13.31/kg
while the average retail value of pork for the sgmar was US$8.49 (USDA 2016), resulting in
an economic incentive for the substitution of ptimkbeef in a processed product. Substitution
can occur at any point in the supply chain, fromgtaughterhouse up until the point of sale
(Premanandh, 2013). Meat products may also becasiab@led due to cross contamination
when processing different types of meat on the sago@gpment, as has been suggested in
previous studies (Hsieh, Woodward, & Ho, 1995; K&ndellberg, 2016; Okuma & Hellberg,

2015).
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Mislabeling of meat species in processed foodsp@tdoods has a number of potentially
detrimental effects such as the exposure of consuams pets to meat allergen risks,
infringement of religious practices, and econongceaption (Ballin, 2010). A number of studies
have detected undeclared species in processednoglaicts such as deli meats, minced meats,
burger patties, sausage, pet foods, and canned (#eaiz, Ayaz, & Erol, 2006; Cawthorn et al.,
2013; Di Pinto et al., 2015; Flores-Munguia, Bermzd\imada, & Vazquez-Moreno, 2000;
Hsieh et al., 1995; Okuma & Hellberg, 2015). Sorhthe most commonly undeclared species
within these products were beef, pork, poultry, ahdep. These findings are concerning from a
religious point of view, as some religions prohibi¢ consumption of beef and/or pork (Sattar et
al., 2004). In addition to the studies mentionedvah horsemeat was detected as an undeclared
ingredient in numerous beef products in the 2018dwate scandal in Europe (National Audit
Office 2013).

Adulteration and misbranding of meat products @hfvited under the United States
Code (USC) Meat Inspection Act (21 USC 8§ 610) (EahiStates Code [USC] 2011).
Adulteration and misbranding are considered todpasate terms, but both include forms of
mislabeling. For example, adulteration can occuenvan ingredient has been completely or
partially omitted, and/or if any ingredient has basebstituted within a meat product. A
misbranded product includes one whose labelinglsefor misleading or if it is offered for sale
under the name of another food.

In order to determine if meat species have bedmpwror completely substituted for
cheaper alternatives in processed food productgy BiNorotein-based methods are often used
(Ballin, 2010). Two of the most commonly used methéor this purpose are enzyme-linked

immunosorbent assay (ELISA), a protein-based metaiod real-time polymerase chain reaction



93

94

95

96

97

98

99

100

101

102

103

104

105

106

107

108

109

110

111

112

113

114

115

(PCR), a DNA-based assay. The USDA Food Safetyimspection Service (FSIS)

Microbiology Laboratory Guidebook relies on a sardELISA method for identifying animal
species in cooked and canned meat and poultry pro@USDA 2005). Sandwich ELISA is
recognized as being sensitive and robust and ibées used in several studies for detecting low
levels of a target species within mixtures (JondRatterson, 1985; Liu, Chen, Dorsey, & Hsieh,
2006; Yamamoto, Kato, Endo, Kotoura, & Takeda, 200m the other hand, real-time PCR is a
commonly used method for detection of meat speoipsocessed products (Camma, Di
Domenico, & Monaco, 2012; Kesmen, Gulluce, Sahir¥,&&im, 2009; Lahiff et al., 2002) and it
has been used in a number of previous studievéakenstances of product mislabeling (Kane

& Hellberg, 2016; Okuma & Hellberg, 2015). A reaht PCR assay developed by Camma et al.
(2012) was reported to demonstrate high sensitigfgcificity, and repeatability for meat
species identification within meat mixtures. Theaswas based on TagMan™ chemistry with
minor groove binder (MGB) probes and targeted negjiof the cytochromle and 16S rRNA
genes. The authors reported the ability to identifikey, chicken, beef, pork and sheep species
in raw and cooked meat mixtures using this assay.

While both ELISA and real-time PCR are commonlyduseethods for species detection
in foods, a direct comparison of the two method@edor the purpose of detecting meat species
in processed products has not been carried outrehdts of such a comparison would help to
facilitate the detection of food fraud by indicatiwhich methodology is more appropriate for
use with processed meat products. Therefore, tjgetdle of this study was to compare the
commercial ELISA kit described in the USDA/FSIS Kibiology Laboratory Guidebook to a
published real-time PCR assay for the detectidoeef and pork species in processed meat

samples. Real-time PCR primers and probes develop&hmma et al. (2012) were chosen for
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use in this study because they have been extepsested and validated for detection of the
target meat species in both raw and cooked sanmfihesmethods were evaluated on multiple
factors, including sensitivity, specificity, agreemt among duplicate samples, hands-on
technician time required per sample, total timeunexgl per sample, cost per sample, and ease of
use.
2. Materialsand Methods
2.1. Reference sample collection and preparation

Lean, raw cuts of beef and pork were purchased &docal supermarket and were used
in this study to create reference tissue mixtuPe®r to mixing, a 25 mg portion of raw meat
from each species was collected to undergo DNAaetitbn and serve as a positive control for
real-time PCR. The positive controls for ELISA werevided by the manufacturer. Reference
tissue mixtures were prepared using893919% w/w of one meat species mixed with the second
species, with a total weight of 50 g per sampléb(@d). Each meat sample was homogenized
with 50 mL of sterile deionized water in a 12-sp€&esler blender (Neosho, MO, USA) for 1 min
at speed 6. Blender parts were cleaned and séetilizbetween each sample. Blended samples
were refrigerated overnight.

Next, blended samples were heat-treated followegldSDA protocol (USDA 2005) for
the identification of animal species in meat andlppg products, with some modifications. A
portion (20 * 2 g) of the blended sample was combwmvith 40 + 0.5 mL of sterile deionized
water in a sterile jar. The sample jar was covevitd a screw-top sterile lid and placed in a 95
°C water bath for 15 £ 1 min, then cooled to ro@mperature. The contents were then poured
into a sterile 24-0z Whirl-pak bag (Nasco, Salida,) and mixed in a Stomacher® 400

Circulator (Seward, Davie, FL, USA) for 60 s at 2pén. The bag was removed from the



139 Stomacher® and left undisturbed for 1 h at roomperature. Next, approximately 50 mg of
140 tissue from each sample was transferred into tywarsée 1.5 ml Safe-Lock microcentrifuge
141 tubes (Eppendorf, Hauppauge, NY, USA) and storedatC until DNA extraction. Two 1.5-
142  mL aliquots of the liquid portion of the mixture veetransferred to two separate 1.5 mL Safe-
143  Lock microcentrifuge tubes and centrifuged at 10,8fm for 10 min. Next, 1.0 mL of each

144  supernatant was transferred into a 1.5 mL Safe-lnsickocentrifuge tube and stored at -20 °C
145  until ELISA.

146  2.2. Commercial sample collection and preparation

ij; A total of 30 different commercial samples consigtof ground meats, cooked sausage,
149 deli meats, pet treats, and canned meats weretaglléor beef and pork species identification
150 using both real-time PCR and ELISA methods. A tofall samples listed beef or a beef

151 derivative as an ingredient, 11 samples listed poik pork derivative as an ingredient, and 8
152 samples listed both species or their derivativasgedients. Each commercial meat sample was
153 prepared for DNA extraction and ELISA as descrilvegection 2.1, with the exceptions that the
154 cooked meat samples were not heat-treated an@@h&a0.5 mL of sterile deionized water was
155 added to 20 £ 2 g of the pet treat samples prioistoof the Stomacher to allow for improved
156 mixing of the low-moisture products.

157 2.3. DNA extraction and quantification

Eg DNA extraction was performed for all reference anchmercial samples in duplicate
160 using the DNeasy Blood and Tissue Kit, Purificatodm otal DNA from Animal Tissues, Spin-
161 Column Protocol (Qiagen, Valencia, CA, USA), ac@ogdo the manufacturer’s instructions.

162 Lysis was carried out at 56 °C for 1-3 h or urisistie was completely lysed, with vortexing

163 every 30 min. DNA was eluted in 50 pL of pre-warnf@d °C for 30 min) Buffer AE. The
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extracted DNA was then quantified using a Nano0@0 (Thermo Scientific, Waltham, MA,
USA). Samples were diluted with AE Buffer to norimalthe DNA concentration to 250 pg/uL
for use in real-time PCR. Samples with less thah@¥u L after DNA extraction were not
diluted. All DNA samples were stored at -20 °C Lireal-time PCR. A reagent blank with no
sample added was included with each set of DNAaektns.
2.4. Real-time PCR

Reattime PCR was carried out on all duplicate DNA samsplsing a Rotor-Gene® Q
Thermal Cycler (Qiagen) combined with species-dimegiimers and TagMaH' probes
developed previously for detection of pork and H€zfmma et al., 2012). Reactions were
carried out in a singleplex format and targeted-fpgpork) and 183-bp (beef) regions of the
gene coding for cytochronte Primers were synthesized by Integrated DNA Teclgiek
(Coralville, 1A, USA) and probes were obtained fréwpplied Biosystems (Austin, TX, USA).
Each reaction tube contained {dl0 of TagMan Fast Universal PCR Master Mix (2X) (Aipp
Biosystems), 2.0L of TagMan MGB probe (2.5 uM), 2L of each oligonucleotide primer
(3.0 uM for beef, 9.0 uM for pork), 2,0 of molecular-grade water, and 2.0 of DNA or
negative control for a total reaction volume of®@L. A non-template control (NTC)
containing water instead of DNA was included alodg®ach set of samples tested with real-
time PCR. Each PCR run also included three postiiverols of the target meat species diluted
to 250 pg/uL, 25 pg/uL, and 2.5 pg/uL. Cycling ctinds were followed as described in
Camma et al. (2012): 95 °C for 20 s, followed bycg8les of 95 °C for 1 s and 60 °C for 20 s.
The results of each run were analyzed with the RB8&ne Q Software v.2.2.3 and a sample was
determined to be positive if it had a Ct valuetfor meat species being tested (Okuma &

Hellberg, 2015). Results obtained were qualitasind reported as presence or absence of the



188

189

190

191

192

193

194

195

196

197

198

199

200

201

202

203

204

205

206

207

208

209

210

211

target species.
25.ELISA

ELISA was carried out for all samples in duplicateng the supernatants prepared as
described in section 2.1. Each duplicate sampletesisd with both the ELISA-TEK Cooked
Beef Species Kit and the ELISA-TEK Cooked Pork $geit (ELISA Technologies,
Gainesville, FL, USA) following the USDA protocaifidentification of animal species in meat
products (USDA 2005). A Thermo Scientific AccuWasitroplate washer was used to
complete all wash steps. Each test run includedgositive controls and four negative controls
supplied by the kit. The results were read with\d@Labtech FLUOstar Omega microplate
reader (Cary, NC, USA). Samples were determindxtid positive if the raw OD value of one
or both of the replicate wells was greater tha®0@.2nd if the results of all controls were in
accordance with USDA guidelines (USDA 2005).
3. Results and Discussion
3.1. Specificity and sensitivity

As shown in Table 1, both ELISA and real-time P@Rvged 100% specificity during
reference sample testing, with no cross-reactogtected for the non-target species in the
pork/beef binary mixtures. In terms of sensitivil,ISA was able to consistently detect pork in
the binary mixture at levels down to 10.0% w/w ([eab; Sample 5). Although pork was
detected at levels as low as 5.00% w/w (Sampléh)result was only found with one of the
duplicate samples. The beef-specific ELISA tesisdtbgreater sensitivity compared to the
pork-specific test, with the lowest detection &0 w/w (Sample 12) and the lowest consistent
detection level at 1.00% w/w (Sample 11) for beghiw a binary mixture. In comparison, the

USDA lists adulteration detection limits of 4% wfer pork and 1% w/w for beef in binary
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mixtures of sample extracts when using the ELISA<TEECooked Meat Species Test Kits, with
the caveat that the sensitivity and specificitgath assay may vary depending on the lot that is
being tested (USDA 2005). It is possible that tbeag was less sensitive for pork in the current
study due to differences in preparation methodsherinary mixtures. However, the USDA
protocol does not provide details on this pointkimg it difficult to elaborate further.
Interestingly, the USDA protocol is based on a sdaalk ELISA with polyclonal antibodies
(pAbs); however, previous studies using a sand&IclSA assay with monoclonal antibodies
(mAbs) have reported lower detection limits fortbpbrk and beef. For example, studies using a
sandwich ELISA with porcine-specific mAbs have rgpd the ability to detect pork at levels of
0.05-0.5% w/w in various meat mixtures (Chen & Hsi2000; Liu et al., 2006). Similarly,
Yamamoto et al. (2015) were able to detect bekdvals of 0.1% w/w in a beef and pork meal
mixture using a sandwich ELISA with two bovine-siieanAbs. Although the goal of the
current study was to compare the USDA protocoBHbISA to a real-time PCR assay, future
research along these lines should include congideraf ELISA with mAbs.

As shown in Table 1, the real-time PCR assay shawedter sensitivity as compared to
the commercial ELISA kit for both the beef and pagsays. The lowest consistent level of
detection for pork within the binary mixture wad @ w/w using real-time PCR (Sample 1), as
compared to 10.0% with ELISA. This was the lowesttpntage of pork contained in a reference
sample, meaning that the assay may be capablenfgreater sensitivity. Similarly, Laube et al.
(2003) were able to detect pork species at 0.1%iwavbeef/pork mixture by applying real-time
PCR with TagMaf" probes. Rodriguez et al. (2005) also showed detedti pork at the lowest
level tested (0.5% w/w) in cooked pork/beef mixtunsing real-time PCR with TagM2h

MGB probes. In the case of beef, the lowest level stasily detected with real-time PCR in the

10
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current study was 0.50% w/w within the binary mnet¢Sample 12), as compared to 1.00% for
ELISA. This detection level was also found in aviwes study utilizing a real-time PCR assay
with TagMarn™ probes for the detection of meat species in mistireoley et al. (2004). On the
other hand, Laube et al. (2003) showed slightlagmesensitivity for beef detection at 0.1% w/w
in a beef/pork mixture tested with real-time PCR.

3.2. Commercial samples

The ability of ELISA and real-time PCR to detectlpand beef in commercial samples
was tested with a variety of processed meat preduatiuding ground meat, sausage, deli meat,
pet treats, and canned meat (Table 2). Overalkvtbenethods showed agreement as to the
species detected in the products for 26 out oBthsamples. Among the 26 samples showing
agreement between the two methods, 23 of thesefauand to be correctly labeled and 3 were
potentially mislabeled (Samples 34, 38, and 40)oAgithe four samples with inconsistent
results between the two methods, two were fourimetoorrectly labeled by at least one method
(Samples 37 and 39) and two were found to be patgntnislabeled (Samples 44-45). These
samples are discussed in detail in the followinggeaphs.

Both ELISA and real-time PCR were able to positndentify pork in 16 of the 20
products (80%) that specifically listed pork oralpderived ingredient on the label. One of the
pet treats (Sample 38) and two canned meats (Samd5) were negative for pork with both
ELISA and real-time PCR. The pet treat listed baetas the twelfth ingredient in the product
and the two canned meats each listed pork asftherfgredient in the product. The inability of
ELISA to detect pork in bacon fat is not surprisigyen that ELISA is a protein-based assay;
however, real-time PCR would have been expecteltiect DNA in this product, based on

previous studies involving pet foods (Okuma & Hetfllp, 2015). Species detection in the canned

11
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meat samples may have been limited due to the gxteprocessing that these products undergo
as well as the presence of inhibitory ingrediemésent in these samples, or these could
represent instances of mislabeling. Because nattleéinod was able to detect the target species
in these three products, they were determined fmobentially mislabeled.

There were two pet treats (Samples 37 and 39) fiichwonly one of the two methods
was able to detect pork. Sample 37 tested posiiveork with ELISA but negative with real-
time PCR, even though it listed pork as the fingreédient on the label. This result may have
been due to the presence of numerous plant-bageztlients in the sample, which are known to
have compounds that are inhibitory to PCR (Schrdgigtielke, Ellerbroek, & Johne, 2012). On
the other hand, Sample 39 tested positive for pattk real-time PCR and negative with ELISA.
This sample listed bacon seventh in the ingredisthéand may have contained pork below the
level of detection for ELISA. Interestingly, onetbk pet treats (Sample 34) tested positive for
pork with both ELISA and real-time PCR even thopgink was not specifically stated on the
label. This product listed animal liver flavor asiagredient, which was likely the source of the
detected pork.

Of the 19 commercial samples that declared beaefomef-derived ingredient on the
label, ELISA identified beef in 14 products (74%daeal-time PCR identified beef in 16 of the
products (84%). Two pet treats (Samples 34 an@B8)one canned meat product (Sample 40)
tested negative for beef with both methods. Simdahe results discussed above involving
bacon fat, one of the pet treats (Sample 34) listst tallow, a form of beef fat, as the only beef
ingredient. The other pet treat that tested negdtiv beef (Sample 38) listed beef as the eighth
ingredient on the package and the canned meat gir(8ample 40) that tested negative for beef

was a corned beef hash that listed beef as therfgeedient. These three products were
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determined to be potentially mislabeled due tortbgative test result with both real-time PCR
and ELISA. Two additional canned meats (Sampled3)ested positive for beef with real-time
PCR, but negative with ELISA. These samples listeef as the second and fourth ingredient,
respectively.

When comparing the five categories of commerciatipcts tested, the ground meat
samples were the most identifiable by ELISA testiflge sausage and deli meat samples only
showed one inconsistent ELISA result each betwleemvwo products. For real-time PCR, the
ground meat, sausage, and deli meat samples Wedergifiable and showed consistent results
among duplicate samples. The pet treat and caneat products also showed a high level of
consistency among duplicate samples for both ELd8d real-time PCR, with only one
inconsistent result found for one of the samplsgtewith real-time PCR. However, there were
several instances in which a declared speciesesethroduct types was not detected by one or
both methods. This was likely due to a number ofdiss, including high heat treatment, the
presence of inhibitory ingredients, an inabilityidentify species in animal-derived fats, and
mislabeling of the products. The findings indictitat in some cases, it may be beneficial to use
a combination of real-time PCR and ELISA in ordentore accurately authenticate the product
label. For example, when detecting species witkinf@od products, real-time PCR would be
advantageous for the detection of meat speciesaielvels, while ELISA may help to overcome
false negatives due to PCR inhibition.

3.3. Agreement among duplicate samples

Of the 15 reference samples, the pork-specific BL$Bowed agreement among

duplicates for all but one sample, which contaif€i0% pork and 95.0% beef (Sample 4; Table

1). The beef-specific ELISA assay also had onaeafee sample that did not show agreement
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among duplicates, which contained 99.5% pork aB8%.beef (Sample 12). Both samples were
just below the lowest consistent level of detectmmthe assay. Of the 30 commercial products,
the pork-specific ELISA showed 100% agreement andupdicates and the beef-specific

ELISA showed agreement for all but two samples [@ &h Samples 26 and 32). In total, ELISA
showed agreement among duplicate samples for 86f @@ tests performed, with the pork-
specific assay showing greater agreement (97.8%paced to the beef-specific assay (93.3%)
(Table 3).

As compared to ELISA, real-time PCR showed sliggtigater overall agreement among
duplicate samples, with 100% agreement for allrezfee samples and 95% agreement for
commercial samples (Tables 1-2). Of the 30 comrakpebducts, two canned meats (Samples
44-45) showed inconsistent results when attempérdgtect beef using real-time PCR and a pet
treat product (Sample 36) showed inconsistent t®fui pork detection (Table 2). Overall, real-
time PCR analysis showed agreement among dupBeatgles in 87 out of 90 tests performed,
with the pork-specific assay demonstrating higlggeament (97.8%) than the beef-specific
assay (95.6%) (Table 3).

3.4. Time requirements and ease of use

The commercial ELISA kit was found to be easiecday out and have shorter time
requirements as compared to the real-time PCR &$séje 3). The hands-on technician time
required to complete the ELISA test was approxitge2emin faster per sample and 1.9 h faster
per 24 samples as compared to real-time PCR (bRoth assays involved the use of
multichannel and/or electronic pipets, which imprdease of use and reduced the hands-on and

total time required.
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Overall, ELISA was found to be easy to moderateatoy out. The main technical
challenge of ELISA was found to be timing the aidditof the Stop Solution in order to achieve
the absorbance values for the positive controleddbr in the USDA protocol (USDA 2005).
The real-time PCR assay was considered to be metiedifficult to perform. The main
technical challenge of this assay was the needterihine the DNA concentration for each
sample and perform dilutions prior to performingRRT his is especially tedious when large
numbers of samples are being analyzed.

The total assay time required for ELISA was al#8th for one sample and about 3.8 h
for 24 samples (Table 3). These values includdithe required for processing the four positive
controls, four negative controls and two blanksichltadds approximately 9 min to the total
assay time. The total assay time does not incladgk preparation and collection of the
supernatant, which is dependent on the natureeaample and can range from 20 min per
sample for cooked products to 30 min per samplehaooked products. The times observed in
the current study are similar to those reportethieymanufacturer of the ELISA-TEK kits: about
30 min of hands-on time for sample preparation@igction of the supernatant, followed by 3
h to conduct a complete ELISA test (ELISA Technadsdgnc. 2016).

The total assay time required for real-time PCR alasut 3.4 h for one sample and about
5.6 h for 24 samples (Table 3). The total assag timludes the use of the three positive
controls, a reagent blank, and a no-template chnttuch adds approximately 10 min. Total
assay time for sample preparation and collectiaisstie is not included. Unlike ELISA,
uncooked samples do not require heat treatment foranalysis with PCR. Therefore, the time
required for sample preparation and collectiorigdue is estimated to take an additional 20 min

per sample.
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3.5. Cost of assay

The sample costs associated with real-time PCR foeral to be less expensive than the
sample costs associated with ELISA. The 2016 ftisedor a 96-well, ELISA-TEK™ Cooked
Meat Specification Kit was US$550, resulting incstcper well of US$5.73. However, this price
does not factor in the positive controls, negatioetrols, or blanks, which all together occupy an
additional eight wells and add a cost of US$464acheELISA run. Since each run must include
controls and blanks, the maximum value will be ot&d by running a full plate of samples
rather than testing a few samples at a time. Famgke, when including the costs of the
controls, the price would be US$52 to test one $amifpa time, but would be reduced to
US$7.64 per sample if 24 samples were run simubtasig (Table 3).

The real-time PCR beef and pork assay used irstudy was determined to cost
US$4.49 per sample tube. These costs include thé 2 prices of a DNeasy Extraction Kit
(50 reactions), beef and pork TagMan MGB probesf Bed pork forward and reverse primers,
and 2X TagMan Fast Universal PCR Master Mix (25tens). As with the ELISA cost
calculations, these costs do not factor in theofig®sitive and negative controls, which must be
included with each run. The controls included iis gtudy for each assay were the reagent blank
from DNA extraction, three positive DNA controlg f8CR, and a non-template PCR control,
which would add a total cost of US$9.57 to each\Wiren the controls are included in the
calculation, the total cost becomes US$14 to testsample at a time and US$4.89 per sample
when testing 24 samples simultaneously (Table 3).
4. Conclusions

Overall, the results show that the real-time PC&agpsised in this study was a more

sensitive method for pork and beef species detegtithin ground meat products as compared
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372 to the ELISA protocol described by the USDA. Howekie to the potentially inhibitory

373 ingredients that are found within some processeat p@ducts, it may be beneficial to use both
374 real-time PCR and ELISA for species detection wiesting products with additional

375 ingredients, such as pet foods. The results ofstinidy also suggest that the real-time PCR assay
376 was a more reliable and less expensive methodrtorpewhen compared to the ELISA

377 protocol. On the other hand, ELISA was found tddss time consuming and easier to perform
378 than real-time PCR. It is important to note that tindings of this study are based on specific
379 protocols, and other real-time PCR and ELISA pro®enay show different results. To further
380 compare real-time PCR and ELISA methodologies #tliggested that sandwich ELISA assays
381 with sensitivity limits closer to that of real-tinlCR methods be used.
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Table 1. Results of meat species identification testingaoked porcine and bovine reference sample mixtdites results of real-

time PCR and ELISA are reported as positive (H#)aegative (-) for each duplicate sample

Sample no. % Pork? % Beef Real-time PCR results ELISA results

Pork Beef Pork Beef
1 0.10 99.9 +/+ +/+ -/ - +/+
2 0.50 99.5 +/+ +/+ -/ - +/+
3 1.00 99.0 +/+ +/+ -/ - +/+
4 5.00 95.0 +/+ +/+ - [+ +/+
5 10.0 90.0 +/+ +/+ +/+ +/+
6 25.0 75.0 +/+ +/+ +/+ +/+
7 50.0 50.0 +/+ +/+ +/+ +/+
8 75.0 25.0 +/+ +/+ +/+ +/+
9 90.0 10.0 +/+ +/+ +/+ +/+
10 95.0 5.00 +/+ +/+ +/+ +/+
11 99.0 1.00 +/+ +/+ +/+ +/+
12 99.5 0.50 +/+ +/+ +/+ -+
13 99.9 0.10 +/+ -/ - +/+ -/ -
14 100 0 +/+ -/ - +/+ -/ -
15 0 100 -/ - +/+ -/ - +/+

®Total weight of each sample was 50 g
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Table 2. Results of meat species identification in porcind bovine commercial samples using real-time PGREASA. The
results of real-time PCR and ELISA are reportegasstive (+) or negative (-) for each duplicate péan

Sample Product type Meat ingredientson Real-time PCR results ELISA results
No. label Pork Beef Pork Beef
16 Ground meat Beef -/ - +/+ -/ - +/+
17 Ground meat Beef -/ - +/+ -/ - +/+
18 Ground meat Beef -/ - +/+ -/ - +/+
19 Ground meat Pork +/+ -/ - +/+ -/ -
20 Ground meat Pork +/+ - - +/+ -/ -
21 Ground meat Pork +/+ - - +/+ -/ -
22 Sausage Beef -/ - +/+ -/ - +/+
23 Sausage Beef -/ - +/+ -/ - +/+
24 Sausage Pork +/+ -/ - +/+ -/ -
25 Sausage Pork +/+ -/ - +/+ -/ -
26 Sausage Pork +/+ +/+ +/+ - /+
Beef
Turkey
27 Sausage Pork +/+ +/+ +/+ +/+
Beef
28 Deli meat Beef -/ - +/+ -/ - +/+
29 Deli meat Beef -/ - +/+ -/ - +/+
30 Deli meat Pork +/+ -/ - +/+ -/ -
31 Deli meat Chicken +/+ -/ - +/+ -/ -
Pork
32 Deli meat Pork +/+ +/+ +/+ +/ -
Beef
33 Deli meat Chicken +/+ +/+ +/+ +/+
Beef Hearts
Pork
34 Pet treats Chicken meat +/+ -/ 2 +/+ -/ -8
Beef tallow

Animal liver flavor
Salmon
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Fish

35 Pet treats Beef lung -/ - +/+
Beef liver
Beef
36 Pet treats Pork liver - [+ -/ -
Bacon
Chicken fat
37 Pet treats Pork -F- -/ -
38 Pet treats Beef -/ - -2
Chicken by-product meal
Liver
Bacon fat
39 Pet treats Beef +/+ +/+
Bacon
40 Canned meat Beef -/ - - /2
(corned beef hash)
41 Canned meat (roast beef) Beef -/ - +/+
42 Canned meat (pork) Pork with ham +/+ -/ -
Chicken
43 Canned meat (shredded Pork +/+ -/ -
pork meat)
44 Canned meat (chili) Beef -/ -+
Pork
45 Canned meat (Vienna  Chicken -/ -+
sausage) Beef
Pork

+/+

®Meat species listed on the product label couldoeodetected
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Table 3. Comparison of real-time PCR and ELISA testing far tletection of pork and beef in mixed samplesdbas observations
from the current study. Time and cost calculatioictude the use of positive and negative controls

Characteristics Real-time PCR?® ELISA

Sensitivity 0.10% Pork; 0.50% Beef 10.0% Pork; 1.00% Beef
Specificity with reference samples 100% 100%

Agreement among duplicate samfles 97.8% Pork; 95.6% Beef 97.8% Pork; 93.3% Beef
Hands on technician time (per sample; per 24 sayple0.4 h; 2.6 h 0.3h;0.7h

Total time required (per sample; per 24 samples) 3.4h;56h 3.3h;3.8h

Cost (per sample; per 24 samples) US$14; $117 US$52; $183

Ease of use Moderate Easy-moderate

4ncluding DNA extraction
PLowest consistent detection level (w/w) in a binamixture of pork and beef.
“Percentages are based on a total of 45 sampled fasiuplicate with each assay
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Highlights

Real-time PCR detected beef consistently at 0.50%, compared to 1.00% for ELISA.

* Real-time PCR detected pork consistently at 0.10%, compared to 10.0% for ELISA.

» Compared to ELISA, rea-time PCR showed greater agreement among duplicate samples.
» ELISA wasfound to be less time consuming and easier to perform than real-time PCR.

» ELISA and real-time PCR showed 100% specificity during reference sample testing.
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