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A new real-time PCR assay to specifically detect crustaceans in vegan raw
materials and vegan shrimps

Geoffrey Cottenet and Carine Blancpain

Institute of Food Safety & Analytical Sciences, Nestl�e Research, Lausanne, Switzerland

ABSTRACT
Contamination of vegan products and vegan shrimps with real shrimps and crustaceans
must be avoided to comply with vegan claims, even more for preventing strong allergenic
reactions. Therefore, the detection of crustaceans must be reliable and sensitive enough for
authenticity, traceability, and food safety purposes. A new real-time PCR assay was devel-
oped targeting the mitochondrial 16S rRNA gene of crustaceans and was optimised to avoid
critical mismatches with primers and probe. By testing several crustacean species and com-
mon food ingredients, the method was demonstrated to be specific to crustaceans only. To
comply with the limit of non-vegan contamination established at 0.1% (w/w) by the
European Vegetarian Union, dedicated cut-off CT values were determined on vegan raw
materials and on vegan shrimps spiked with crustacean materials. The method reached a
sensitivity � 0.0005% (w/w), which was further confirmed on reference materials containing
a similar amount of crustacean.
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Introduction

Crustaceans represent 68000 different species,
with the well-known edible representatives being
shrimp, lobster, crayfish and crab (Covich et al.
2010). According to FAO report, more than 15
million tons of crustaceans were fished in 2018,
with roughly 60% coming from aquaculture
(FAO 2020); shrimp and prawn were the most
produced crustaceans, either naturally caught or
cultivated in aquaculture, with Litopenaeus van-
namei representing nearly 30% of the total pro-
duction of crustaceans. Combining this high
consumption of shrimps with the growing inter-
est for plant-based alternatives and vegan diets
(Vegan Society), vegan shrimps composed of
potato starch, pea extract and/or soya extract
have been recently commercialized. In these
products, producers must ensure the absence of
cross-contamination with animal products
(Cottenet and Blancpain 2021) but most import-
antly with real shrimp material which could
occur along the supply chain, during the storage
or the transportation. Food adulteration and

tampering with shrimp (by-)products must also
be considered by food industries and regulators
(Cavin et al. 2019). Looking at these risks, the
European Vegetarian Union has established that
traces of non-vegan or non-vegetarian substances
should be present at less than 0.1% (w/w) to con-
form with vegan labelling (European Vegetarian
Union, V-Label). In addition to these authenticity
and traceability requirements, crustacean meat is
known to be rich in protein and to contain
tropomyosin, a well-known allergen; prevalence
of shellfish allergy is estimated at 0.5–2.5% of the
population, with one of the strongest incidences
amongst allergies (Woo and Bahna 2011).
Therefore, the detection of undeclared crustacean
material in products plays a key role for consum-
ers’ safety.

DNA-based methods, especially PCR, are con-
sidered as the reference tools for detecting bio-
logical adulterants and for species identification
(Cavin et al. 2016; Burns et al. 2019). In addition,
PCR-based methods have been shown to cover a
broader dynamic range and to be more robust
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against matrix effects compared to protein-based
ELISA approaches when looking for the crusta-
ceans’ allergen (Eischeid et al. 2021). Several pub-
lications describe the development of (real-time)
PCR systems to detect shrimps or crabs (Cao
et al. 2011; Eischeid et al. 2013), or to identify
specific crustacean species (Fernandes et al.
2017), but only a few describe the development
of methods able to detect crustaceans as a whole
taxon. These methods usually target the mito-
chondrial 16S rRNA gene which is considered as
the most conserved target within crustaceans to
design PCR assays: Brzezinski described a first set
of PCR primers (Brzezinski 2005) amplifying a
fragment of 205 base pairs (bp) specific to crusta-
ceans, which were then associated with additional
probes to increase specificity (Herrero et al. 2012;
Santaclara and Espineira 2017; Fernandes et al.
2018). However, one of the primers is based on a
region that presents a few critical mismatches on
some species that could prevent their efficient
amplification. M€ade and Rohmberger designed
up to 6 different sets of TaqMan assays to detect
a broad range of crustacean species (M€ade and
Rohmberger 2017), but this approach complicates
the overall usage in routine.

In this study, we developed and optimized a
new TaqMan assay based on the work of
Brzezinski and Fernandes et al. (2018). The speci-
ficity of the new assay was tested against various
crustacean species and other materials. Finally,
CT cut-off values were defined at 0.1% (w/w) on
vegan raw materials and on vegan shrimps to
comply with the vegan V-Label threshold, and
the sensitivity was assessed at lower levels for
allergen detection.

Materials and methods

Samples

Crustaceans, molluscs, plants, and vegan shrimp
samples were obtained from local markets. Meat
and fish certified reference DNA samples were
purchased at Coring System Diagnostix GmbH
(Gernsheim, Germany), and prepared at 10 ng/mL
with EB buffer (QIAgen, Hilden, Germany).
Crustacean powders from shrimp, langoustine,
and lobster, as well as soya and pea protein

concentrate powders commonly used in vegan
recipes were obtained from industrial suppliers.
Commercial vegan shrimps were collected in
supermarkets. Finally, reference materials made
of corn flour spiked with 5000mg/kg of crust-
acean material (speckled shrimp Metapenaeus
monoceros, Argentine red shrimp Pleoticus muel-
leri, and mud shrimp Solenocera melantho) were
purchased from Generon SpA (San
Prospero, Italy).

For sensitivity trials, mixtures spiked at 1% (w/
w) were prepared by adding 10mg of crustacean
material in 990mg of plant-based matrices, and
DNA was extracted from these mixtures.

Animal and plant species used in this work are
listed in Table 1.

DNA extraction

DNA from 1 g of sample was mixed with 6mL of
CTAB lysis buffer (Applichem GmbH,
Darmstadt, Germany), 660 mg/mL of proteinase K
(Promega, D€ubendorf, Switzerland), and 200 mg/
mL of RNAse A (Sigma-Aldrich Chemie GmbH,
Buchs, Switzerland). After incubation for 1 h at
65 �C, the mixture was centrifuged at 3000 g for
5min, and 500 mL of supernatant was mixed with
an equal volume of chloroform. DNA was then
extracted as described by Cottenet et al. (2016).
DNA concentration was measured with a
Nanodrop (Thermo Fischer Scientific, Waltham,
USA), and DNA extracts were diluted at 10 ng/
mL in EB buffer (QIAgen). Extracted DNA and
reconstituted DNA were stored at –20 �C until
further use.

The DNA extracted from the mixtures for the
sensitivity trials was further diluted in the DNA
from the pure plant-based matrix to reach a level
of 0.1% (w/w) down to 0.0005% (w/w). Similarly,
the DNA extracted from the Generon reference
materials was diluted to lower crustacean concen-
tration in corn DNA. All DNA were prepared at
10 ng/mL before dilution.

Design of the crustacean TaqMan real-time
PCR assay

Sequences of the mitochondrial 16S rRNA gene
of several crustacean species were obtained from
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the global NCBI nucleotide database (NCBI
Nucleotide database), and aligned with MegAlign
version 15 (DNASTAR, Wisconsin, United
States) (Figure 1). PCR primers and a TaqMan-
MGB probe were designed on a region already
targeted by Santaclara and Espineira (2017) and
Fernandes et al. (2018) who were using reverse
complement sequence. Our forward primer
16S_Crust-f was slightly adapted from the reverse
primer from Fernandes et al. (2018) to increase
its melting temperature from 48 to 56 �C.
Although 16S_Crust-f presents a few mismatches
on several species, they are exclusively located on
its 5’-end and are not expected to have a signifi-
cant impact on the PCR efficiency (Ghedira et al.
2009). To design our primer reverse, we consid-
ered the forward primer from Fernandes et al.

(2018). However, this primer contained several
mismatches on its 3’-end that could prevent an
efficient detection of popular crustaceans, such as
the brown crab (Cancer pagurus), the red king
crab (Paralithodes camtschaticus) and the
Louisiana crawfish (Procambarus clarkii) which is
the 2nd most produced crustacean in aquaculture
(FAO 2020). A similar primer described by
Santaclara and Espineira (2017) also presented
critical mismatches on crab species. Therefore, a
new reverse primer 16S_Crust-r was designed
without 3’-end mismatches, allowing the amplifi-
cation of a fragment of approximately
157–158 bp. Compared to the 203-bp fragment
amplified by Fernandes et al. (2018), this shorter
fragment is even more likely to be amplified suc-
cessfully in highly processed samples (Hird et al.

Table 1. List of species used in this study, and average CT values obtained. Absence of amplifications is indicated with a dash
“ – “.
Common name Latin name CT Common name Latin name CT
Northern shrimp Pandalus borealis 19.5 Scallop Placopecten magellanicus –
Whiteleg shrimp Litopenaeus vannamei 22.1 Chilean mussel Mytilus chilensis –
Green tiger prawn Penaeus semiscultatus 20.5 Blue mussel Mytilus edulis –
Giant tiger prawn Penaeus monodon 20.9 Green mussel Perna canaliculus –
Indian prawn Penaeus indicus 19.7 Oyster Crassostrea gigas –
Langoustine Nephrops norvegicus 19.2 Venus clam Ruditapes philippinarum –
Andaman lobster Metanephrops andamanicus 20.4 Hard Clam Meretrix lyrata –
Spiny lobster Panulirus argus 19.4 Carpet shell Venerupis decussata –
American lobster Homarus americanus 18.1 Common cuttlefish Sepia officinalis –
Red king crab Paralithodes camtschaticus 21.2 Shortfin squid Illex argentinus –
Brown crab Cancer pagurus 18.7 Mitre squid Uroteuthis edulis –
Soya Glycine max – Humboldt squid Dosidicus gigas –
Maize Zea mays – Big blue octopus Octopus cyanea –
Wheat Triticum aestivum – common octopus Octopus vulgaris –
Oat Avena sativa – Snail Helix pomatia –
Rapeseed Brassica napus – Beef Bos taurus –
Oregano Origanum vulgare – Pork Sus scrofa –
Basil Ocimum basilicum – Sheep Ovis aries –
Parsley Petroselinum crispum – Chicken Gallus gallus –
Garlic Allium sativum – Salmon Salmo salar –
Tomato Solanum lycopersicum – Sardine Sardina pilchardus –
Pea Pisum sativum – Atlantic pollock Pollachius pollachius –

– Alaska pollock Theragra chalcogramma –

Figure 1. Alignment of 16S rRNA gene sequences from several crustacean species. The primers described by Fernandes et al.
(2018) are 16SCrust2-F and 16SCrust1-R, whereas our new primers are 16S_Crust-f and 16S_Crust-r combined with a TaqMan
16S_Crust-p probe.
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2006). Finally, a TaqMan MGB probe 16S_Crust-
p was newly designed on a well-conserved region
of the crustaceans’ 16S rRNA gene, presenting
no wobbles.

Real-time PCR runs

The real-time PCR consisted of a 20-lL amplifi-
cation mix containing 10lL of 2x TaqManVR

FAST Advanced Master Mix (Thermo Fisher
Scientific), 900 nM each of 16S_Crust-f (50-
GTCAAGCTTTATAGGGTCTTATCGTC-30) and
16S_Crust-r (5’-TTTGACCGTGCDAAGGTAGC-
3’) primers (Thermo Fisher Scientific), 250 nM of
the crustacean 16S_Crust-p probe (5’-FAM-
ATTTAAGCCTTTTCACTTAAA-MGB-3’)
(Thermo Fisher Scientific), 2 lL of 10x
Exogenous IPC-VIC mix (Thermo Fisher
Scientific), 0.4 lL of 50x Exogenous IPC DNA
(Thermo Fisher Scientific), and 5 lL of sample
DNA at 10 ng/lL. Each extracted DNA was
amplified in duplicate, and the average CT value
was considered. Real-time PCR runs were per-
formed on a QuantStudio 7 instrument (Thermo
Fisher Scientific) using a FAST mode. Following
a first step at 50 �C for 2min to activate the
UNG-glycosylase and a second step at 95 �C for
20 s to activate the hot-start DNA Taq polymer-
ase, the cycling program consisted in a denatur-
ation step for 1 s at 95 �C and an annealing/
elongation step for 20 s at 60 �C. For vegan com-
pliance, 35 cycles were sufficient, whereas 40
cycles were applied for allergen detection. The
QuantStudio Real-Time PCR software version 1.3
(Thermo Fisher Scientific) was used to analyse
FAM and VIC fluorescent signals with an auto-
matic baseline and a manual threshold of 0.1 and
0.04, respectively.

Assessment of the method sensitivity

To comply with the European Vegetarian Union
threshold of 0.1% (w/w), CT cut-off values were
established for raw materials frequently used in
vegan recipes and for finished products, by ana-
lyzing a minimum of 5 samples spiked at 0.1%
(w/w). For raw materials, shrimp powder, lan-
goustine powder and lobster powder were spiked
into a soya and a pea protein concentrate

powders, leading to 6 individual samples. The CT

threshold was calculated as the 95% upper confi-
dence interval of the average CT value obtained.
This cut-off value was then confirmed by analyz-
ing a minimum of 20 individual spiked samples
at 0.1% (w/w), applying this CT cut-off to con-
sider a sample as positive or negative. Similarly,
for finished products, commercial vegan shrimp
products were spiked at 0.1% (w/w) with 5 differ-
ent species of shrimp (Penaeus monodon, P. indi-
cus, P. semiscultatus, Pandalus borealis and L.
vannamei), and a cut-off value was determined
and then verified.

The limit of detection of the method (LOD) is
the amount of analyte at which its presence is
detected at least 95% of the time (LOD95%)
(CODEX 2010); therefore a minimum 20 repli-
cates must be analysed at the lowest concentra-
tion. For allergen testing, the DNA extracted
from the previous spiked mixtures prepared for
vegan claim were further diluted down to
0.0005% (w/w) in the matrix DNA.

Results and discussion

PCR efficiency and specificity of the crustacean
real-time PCR assay

To determine the PCR efficiency of the new
crustacean assay, the DNA from the most fre-
quent shrimp, Litopenaeus vannamei (FAO 2020),
was serially diluted and amplified in triplicates.
The coefficient of regression showed a satisfac-
tory linearity higher than 0.99, and the slope of
–3.449 indicated a reliable amplification efficiency
equivalent to 94.9% (Figure 2).

To evaluate the specificity of the new crust-
acean design several species of crustacean, mol-
luscs, fish, meat and plant were tested. All the
crustacean species led to early amplifications
between 18 and 22CT values (Table 1). This wide
range of CT values can be mainly explained by
two factors: (i) the crustacean samples leading to
the latest CT values of 20 to 22 were actually pur-
chased as frozen products, but already cooked,
which has certainly damaged the DNA as com-
pared to raw products (Hird et al. 2006); (ii) the
difference in number of mitochondrial DNA
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copies per species and per types of tissue as com-
pared to nuclear DNA (Ballin et al. 2009).

When replacing our primer reverse 16_Crust-r
by the primer forward 16SCrust2-F from
Fernandes et al. (2018) (Figure 1), CT values
obtained on the red king crab, the brown crab
and the spiny lobster switched from 21.2, 18.7,
and 19.4 to 34.4, 24.7 and 33.8, respectively (data
not shown). This clearly illustrated the negative
impact on the amplification of the 3’-end mis-
matches observed on the theoretical alignment
and explained in the design of the assay. On the
contrary, our assay enabled a consistent amplifi-
cation of the tested crustacean species with an
average CT value of 20.0.

When testing all the other non-crustacean spe-
cies, no amplifications were observed (Table 1)
which demonstrated the specificity of our design
on crustacean species only. No PCR inhibitions
were seen on the internal positive control IPC-
VIC on any of the tested samples (data
not shown).

Vegan CT cut-off and sensitivity of the method

For vegan labelling claim, a CT cut-off was
defined at a level of 0.1% (w/w) corresponding to
the V-label tolerance. Crustacean powders from
shrimp, langoustine and lobster were individually
spiked into a soya powder and a pea powder fre-
quently used as raw materials in vegan recipes.

These 6 samples led to an average CT value of
30.9 and an upper confidence interval at 95% of
32.6, which was defined as the vegan CT thresh-
old (Table 2). To validate this cut-off value, 21
individual samples were prepared and analysed
by spiking the 3 crustacean powders in 4 differ-
ent soya and 3 different pea powders. Amongst
the 21 results obtained, 20 samples led to CT val-
ues lower or equal to the cut-off value of 32.6,
and only 1 led a CT value higher (32.7) (Table 2).
These results led to a detection rate of 95.2%,
confirming the value of 32.6 as a reliable thresh-
old to consider a raw material as vegan or not.

A similar approach was applied to determine a
CT cut-off for finished products by spiking vegan
shrimps with 5 different species of shrimp at
0.1% (w/w). The CT cut-off value was first estab-
lished with these 5 samples, leading to an average
CT value of 28.0 and an upper confidence inter-
val at 95% of 28.8 (Table 2). To verify this vegan
cut-off value, 4 replicates of the similar shrimp
mixtures were prepared and analysed leading to
20 values. Only 1 value exceeded this 28.8 thresh-
old, which led to a 95% detection rate and con-
firmed this vegan cut-off value for
finished products.

In addition, to assess the LOD95% of the
method, DNA from the previous powder mix-
tures and those from the spiked vegan shrimps
were further diluted down to 0.0005% (w/w) and
analysed. Out of these 41 data points, 2 samples

Figure 2. Linear regression between the amount of Litopenaeus vannamei DNA in the PCR (Log pg) (X-Axis) and the obtained CT
values (Y-axis) for validation of assay efficiency. All data points were analysed in triplicate.
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amplified very late giving CT values of 39.9,
whereas the other replicates successfully amplified
(Figure 3(a)) leading to an average CT value of
37.1 ± 2.6. This confirms a LOD95% �0.0005% (w/
w), equivalent to �5mg/kg. This sensitivity
matches completely with what is usually achieved
for allergen detection (Monaci and Visconti 2010).

Analysis of reference materials

To confirm the reliability and the applicability of
the method, 3 reference materials were analysed
mimicking real-life samples. These reference
materials contained 5mg/kg of Metapenaeus

monoceros, Pleoticus muelleri, and Solenocera mel-
antho spiked in a corn-based matrix. Ten repli-
cates of each sample were tested and led to
successful amplifications (Figure 3(b)). A few rep-
licates led to CT values between 39 and 39.5
which confirmed the sensitivity of the method
previously determined at 0.0005% (w/w) or 5mg/
kg, as well as the applicability of the method for
routine testing.

Conclusions

A new real-time assay was designed on the crust-
acean 16S rRNA gene by optimizing the location
of the primers and the TaqMan probe to reduce

Table 2. CT values obtained on spiked samples at 0.1 % (w/w) to determine and verify the vegan CT cut-off
values in raw materials and in finished products. For raw materials, soya and pea isolate proteins were
spiked with shrimp, langoustine and lobster powders, whereas 5 raw shrimps were spiked into vegan
shrimps for finished products. CT values exceeding the CT cut-off values are indicated in bold.
Determination of the CT cut-off CT values Verification of the CT cut-off CT values

Raw materials
Shrimp in soya 29.7 Shrimp in soya 1 31.2
Langoustine in soya 30.6 Langoustine in soya 1 32.1
Lobster in soya 30.6 Lobster in soya 1 32.5
Shrimp in pea 30.9 Shrimp in soya 2 30.4
Langoustine in pea 31.9 Langoustine in soya 2 31.0
Lobster in pea 31.9 Lobster in soya 2 31.1
Average 30.9 Shrimp in soya 3 29.8
Standard deviation 0.86 Langoustine in soya 3 30.8
Vegan CT cut-off value 32.6 Lobster in soya 3 30.7
(¼ 95% upper confidence interval) Shrimp in soya 4 30.3

Langoustine in soya 4 31.4
Lobster in soya 4 32.2
Shrimp in pea 1 31.1
Langoustine in pea 1 32.1
Lobster in pea 1 32.2
Shrimp in pea 2 31.3
Langoustine in pea 2 32.7
Lobster in pea 2 32.3
Shrimp in pea 3 31.7
Langoustine in pea 3 32.5
Lobster in pea 3 32.6

Finished Products
P. monodon in vegan shrimp 28.6 P. monodon in vegan shrimp 1 28.6
P. indicus in vegan shrimp 28.0 P. indicus in vegan shrimp 1 28.2
P. semisculatus in vegan shrimp 27.7 P. semisculatus in vegan shrimp 1 27.7
P. borealis in vegan shrimp 28.1 P. borealis in vegan shrimp 1 28.6
L. vannamei in vegan shrimp 27.4 L. vannamei in vegan shrimp 1 27.6
Average 28.0 P. monodon in vegan shrimp 2 28.5
Standard deviation 0.42 P. indicus in vegan shrimp 2 28.3
Vegan CT cut-off value 28.8 P. semisculatus in vegan shrimp 2 27.6
(¼ 95% upper confidence interval) P. borealis in vegan shrimp 2 28.5

L. vannamei in vegan shrimp 2 27.7
P. monodon in vegan shrimp 3 28.6
P. indicus in vegan shrimp 3 28.2
P. semisculatus in vegan shrimp 3 27.7
P. borealis in vegan shrimp 3 28.6
L. vannamei in vegan shrimp 3 27.6
P. monodon in vegan shrimp 4 28.9
P. indicus in vegan shrimp 4 28.4
P. semisculatus in vegan shrimp 4 28.0
P. borealis in vegan shrimp 4 28.7
L. vannamei in vegan shrimp 4 27.6
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critical mismatches of primers previously pub-
lished. The new assay successfully amplified crus-
taceans only, including crabs and spiny lobster
that could individually be detected by PCR pri-
mers previously published. Our new TaqMan
PCR method was adapted to vegan claims by
defining dedicated CT cut-off values on vegan
raw materials frequently used in vegan recipes,
and on vegan shrimps. These CT cut-off values
will enable the detection of non-vegan material
above the V-Label threshold of 0.1% (w/w) estab-
lished by the European Vegetarian Union. When
further diluted, crustacean material was detect-
able at �0.0005% (w/w) which is well adapted to
allergen detection. This limit of detection was
confirmed on reference materials containing
similar amount of crustacean material. Further
experiments would need to be carried out to
broaden the scope of the method to other vegan
finished products such as vegan fish fillets and
vegan burgers.
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