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Abstract

The production of insects on an industrial scale has attracted the attention of the research and agricultural industry as novel
protein sources. To detect the presence of Gryllodes sigillatus (GS) in feed and food, a real-time PCR method based on the
mitochondrial cytochrome b (CYB) gene is proposed by this study. Forty DNA samples of animal and plant origin were used
to confirm the specificity of the qPCR system. The detection method’s performance was evaluated on different processed
GS matrices including native GS (UnGS) and different commercial products: crunchy roasted samples (RoGS), insect meal
mixtures (ACGS) and energetic snacks containing GS (GSS). Data on sequencing were aligned with the reference gene to
confirm the PCR products. The regression curve (y = —3.394 x +42.521; R>=0.994, d.f. 14) between C, values and Log
DNA concentrations of Gryllodes sigillatus resulted in an efficiency of 96.4%. The severity of the technological processing
treatments and the matrix structure affected the intensity of the PCR signal with the same amount of insect DNA as observed
by different y-intercepts of the three-regression lines for RoGS, ACGS, and GSS. The real-time PCR method resulted in
robust and sensitive outcomes able to detect low amounts of GS DNA (5 g/100 g) in a complex matrix, making it suitable
for detecting the presence or absence of labeled Gryllodes sigillatus material both in feed and food.
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Highlights Introduction

Global welfare standards and the increasing world popula-
e The method allows for the identification of Gryllodes tion [1] require/necessitate/demand/call for the considera-

sigillatus in a complex matrix. tion of protein sources derived from sustainable production
e Primers exhibited high sensitivity and accuracy. systems capable of efficiently converting biomass [2-5].
e PCR discrimination among insect species. The novel proteins from unconventional sources should be
e The qPCR system was successfully tested in complex  safe, nutritious, flexible and reliable as well as accepted by
matrices. consumers. Insects may represent a more efficient way of

producing animal protein and seem to meet this goal due
to the use of cost-effective raw materials and environmen-
tal sustainability along with high nutritional value [6, 7].
Recently, the production of insects on an industrial scale has
attracted the attention of the research and agricultural indus-
Electronic supplementary material The online version of this try [8], because they are a good source of protein, vitamins,
article (https://doi.org/10.1007/s00217-020-03573-1) contains and energy [9] and are widely used for human consumption
supplementary material, which is available to authorized users. in many countries in Asia, Africa and South America [10].
Whole insects can be used raw, dried, crushed, textured,
pulverized, ground, eaten after technological food process-
ing or preserved by freeze-drying with or without the exo-
Department of Agricultural, Food, Environment skeleton of chitin [11]. They can be consumed as snacks,
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other technological treatments, depending on cultural habits
[12]. In contrast, people in Western countries are not familiar
with this kind of food even if some compounds derived from
insects are already exploited by the food industry as coloring
agents [11] that can be found in Smarties, yogurt, Campari,
etc.[13]. Nevertheless, interest in including insects in the
Western diet is increasing along with the number of restau-
rants serving insects as a delicacy and the number of recipe
books dedicated to insect preparation [14, 15]. The expecta-
tion is that in the coming decades this novel protein source
will represent 40% of the traditional meat consumption [16,
17], but estimated entry time into the market [18, 19] will
vary depending on cultures and traditions. Recently, several
studies have been carried out on the functionality, processing
and industrial applications of this novel ingredient, trying
to exploit by-products and waste streams obtained in other
production processes. Moreover, research studies indicate
that insects possess several features that make them well
suited for use in animal feeds. The European Union iden-
tified seven insect species as suitable for use in aquafeed:
Gryllodes sigillatus (GS) (tropical house cricket), Gryllus
assimilis (Jamaican field cricket), Acheta domesticus (AC)
(house cricket), Alphitobius diaperinus (lesser mealworm),
Musca domestica (common housefly), Tenebrio molitor (yel-
low mealworm) and Hermetia illucens (black soldier fly)
[20].

The production and marketing of insects as food in
Europe is regulated by the so-called ‘Novel Foods’ legisla-
tion—i.e. Regulation [14]. This regulation applies to all cat-
egories of foods that were not used for human consumption
to a significant degree within the European Union before
May 15, 1997, which is the case of insects. Since January
1, 2018, the Novel Food regulation has been in force; there-
fore, an authorization form must be submitted for each insect
species intended to be considered as food and sold on the
market. So far, Kreca Proti-Farm (NL), Micronutris (FR)
and BiiF (BE) have applied for the inclusion of the following
species in the European Union’s list: Alphitobius diaperinus,
Gryllodes sigillatus, Tenebrio molitor, Locusta migratoria
and Acheta domesticus. Among these, A. domesticus and G.
sigillatus have increased their presence in the food market as
a promising protein source for the human diet. Today, GS is
commonly marketed as an alternative to AC, due to its abil-
ity to withstand cricket paralysis virus. GS, like other Gryl-
lidae species, is susceptible to Acheta domesticus densovirus
(AdDNYV) with a variable degree, but without cases of severe
mortality which instead occurs in AC, where AADNV pro-
vokes high mortality and serious and irreparable damages to
the production. For this reason, interest in rearing GS against
AC increased after the bankruptcy of AC facilities [21].

In this context, controlling the composition of both feed
and food is an important issue according to European rules,
especially after outbreaks such as BSE (Bovine Spongiform
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Encephalopathy) or minced beef contaminated with horse
meat; in any case, the safety and the control systems for
insect components in food are still being developed [18, 22].
Today, ingredients of animal origin, used as raw materials,
are identified based on typical and microscopically identifi-
able characteristics or by using polymerase chain reaction
(PCR) following the provisions laid down in Annex VI of
EU Commission Regulation No. 2019/152 [23]. Molecular
biology techniques provide robust and valuable tools for the
identification of both plant or animal species in feedstuffs
[24]. DNA detection and identification of animal materials
employing PCR, because of its high sensitivity, is considered
the official analytical method to: (i) determine the species
origin of processed animal proteins (PAPs), (ii) detect the
presence of prohibited ingredients, (iii) confirm the presence
of ingredients in animal feeds. Among the detection/identi-
fication of PAPs, insect species identification may represent
a new challenge and the PCR methods may provide a pos-
sible solution. In particular, end-point PCR was developed
to detect the presence of GS directly in foods [25], but a
quantification was not possible with this technique. For this
reason, an RT-PCR method is proposed in the present study.

Several methods have been applied for insect species
identification, such as Enzyme-Linked Immunosorbent
Assays (ELISA) for TM and nucleic acid-based approach
applied to reliably detect the black soldier fly-specific
DNA [26]. In more detail, DNA barcoding sequencing has
been widely used in species identification and biodiver-
sity research [27]. It has been shown that in many groups,
including insects, interspecific variation in DNA sequences
of some genes are higher than intraspecific variation thus
providing an opportunity for DNA-based species identifica-
tion. In any case, this technique is time-consuming in com-
parison with qPCR and it requires a pure sample and DNA
from complex matrices can give unclear results [28]. An
improved tool supporting molecular methods is Next-Gen-
eration Sequencing (NGS), which enables high-throughput
and parallel taxonomic identification of multiple species, but
a specialized working team and different statistical parame-
ters should be employed to describe and evaluate the quality
of the final genome assembly derived from NGS data output
[26, 29]. In any case, the PCR method applied on specific
DNA fragments is being advocated for species identifica-
tion, because it is fast, cheap and has high sensitivity and
specificity and has been employed to confirm morphological
fragment identification [23, 30, 31].

The present research aims to develop a PCR-based
method to detect Gryllodes sigillatus as a raw material in
different processed feed and food preparations. The species-
specific PCR primers and their accuracy are presented.
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Materials and methods
Samples

The samples presented in the following list were used
for method development and GS1 primer specificity test.
Untreated insect samples of Gryllodes sigillatus (UnGS),
Hermetia illucens, Acheta domesticus (AC), Gryllus assi-
milis, Musca domestica, Alphitobius diaperinus, Tenebrio
molitor were purchased alive from Agripetgarden S.r.l.
(PD)—Italy. Untreated insect samples of Bombus terrestris,
Nezara viridula, Oecanthus pellucens, Sitophilus granaries,
Sitophilus oryzae, Rhyzopertha dominica, Halyomorpha
halys, Apis mellifera, Bombyx mori were kindly provided
by the entomology division of the University of Udine, Italy.
Species identification was confirmed by the examination of
morphological features of adult individuals according to
scientific standard literature [32, 33]. Muscle samples from
selected animal species such as Sparus aurata (gilthead sea
bream), Dicentrarchus labrax (European sea bass), Onco-
rhynchus mykiss (rainbow trout), Bos taurus (cattle), Ovis
aries (sheep), Sepia officinalis (cuttlefish), Loligo vulgaris
(squid), Mytilus edulis (mussel), Parapenaeus longirostris
(pink shrimp), Penaeus kerathurus (striped prawn), Cha-
melea gallina (clam), Pleoticus muelleri (Argentine red
Shrimp), Atherina boyeri, Pecten jacobaeus (scallop) and
Aequipecten opercularis were purchased from GDO com-
merce, Italy.

Acheta domesticus (mAC) and Locusta migratoria flour
were obtained from Crunchy Critters (Ilkeston, United
Kingdom).

Gryllodes sigillatus meal (mGS), Cruncky Roasted Gryl-
lodes sigillatus (RoGS) and energetic bars for human con-
sumption (GSS) with different GS inclusion level (0, 5.2,
6.3, 10.6 g/100 g in GSSO, GSS1, GSS2 and GSS3, respec-
tively) were purchased from Eat Grub Ltd, London, United
Kingdom.

Finally, a serial dilution of commercial GS meal (mGS)
from Eat Grub, and AC meal (mAC) from Crunchy Critters

Table 1 Mixtures of GS meal (mGS) and AC meal (mAC) prepared
to obtain different percentages of target species inclusion

Sample name Gryllodes sigil-  Acheta domesti- Gryllodes

latus (mGS) cus (mAC) sigillatus
inclusion
ACGSI10 10g Mg 10%
ACGS20 20g 80 ¢g 20%
ACGS40 40¢g 60 g 40%
ACGS60 60 g 40g 60%
ACGS80 80¢g 20g 80%
ACGS100 100 g Og 100%

were also prepared as mixtures (approximately 100 g) at the
laboratories of the University of Udine (Table 1) to be used
as calibration material.

Sample preparation and DNA extraction

All the samples were stored at — 20 °C; if needed tis-
sues were cut using a scalpel, put into a Lysing matrix A
tube (MP biomedicals, Santa Ana, California, USA) and
disrupted by a TissueLyser II bead mill (Qiagen, Hilden,
Germany).

DNA was extracted from 20-25 mg of whole insect/pupae
and samples of animals and feeds and food with the DNeasy
Blood & Tissue® (Qiagen, Hilden, Germany) according to
the manufacturer’s instruction. The DNA concentration
and purity were evaluated by measuring the absorbance
at 260 nm and the 260/280 nm ratio, respectively, using a
NanoDrop One Micro-UV/Vis spectrophotometer (Thermo
Fisher Scientific, Wilmington, U.S.A.). DNA integrity was
also tested by denaturing 1.2% agarose gel electrophoresis
in 1X TBE buffer and ethidium bromide staining.

DNA primers

All samples were analyzed using unspecific insect prim-
ers, Ins3.2F (ATAATTGGTGGATTTGGAAATTGA) and
Ins3.2R (GGTGGATAA ACAGTT CATCCTGT), designed
according to Koppel et al. [31]. A specific pair of primers for
Gryllodes sigillatus was designed by retrieving the sequence
of the mitochondrial cytochrome b (CYB) gene (acces-
sion no. KR903358.1) from GenBank. The pair of primers
GS1Fw (GATCAAACAATCCCCTAGGTGTC) and GS1re
(CTGGGTCTCCAAGTAT-TAAGGATTAG) were designed
using the online software Primer3 (https://primer3.ut.ee)
with Lucia algorithm. The expected GS1 amplified sequence
was blasted in BLASTn to evaluate the specificity of the
sequence against the deposited sequences in GenBank. The
end-point PCR technique was performed to screen the prim-
ers specific amplification using the GoTaq DNA polymerase
Kit (Promega, Milano, Italy). Each PCR reaction was con-
ducted in a final volume of 20 pl, using 4 pl of PCR Green or
colorless GoTaq Reaction Buffer (1.5 mMol MgCl12), 13.5 ul
of distilled water, 0.4 pl of PCR nucleotide Mix at 10 mM,
0.1 pul of GoTaq DNA polymerase (5 w/ul), 0.5 pl of 10 uM
of each primer and 1 pl of DNA template (< 0.5 pug/50 pl)
were used. The PCR thermal protocol consisted of one cycle
of 3 min at 98 °C, then 1 min at 95 °C, 1 min at 60 °C and
1 min at 72 °C for 35 cycles and a final cycle of 5 min at
72 °C. Each PCR product was subsequently gel verified for
the expected product length (bp).

The pair of primers amplified the target sequence and was
tested for amplification efficiency and sensitivity in qPCR.
These parameters were determined by six serial tenfold
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dilutions of pure GS DNA in three replicates. Real-time PCR
was performed in a total volume of 20 pl, 10 ul of EvaGreen
Buffer mix, 8.2 ul of molecular biology grade water, 0.4 ul of
each primer, Forward and Reverse at a final concentration of
200 nM, and 1 pl of DNA. qPCR was carried out on a CX-96
(Biorad Srl, Milano, Italy) with the following standard pro-
gram: initial denaturation steps of 3 min at 98 °C, followed by
45 cycles of 15 s at 95 °C and 30 s at 60 °C. Besides, a melting
curve was determined using the following parameters: starting
at 65 °C for 90 s temperature increment 1 °C, 5 s each step,
95 °C was reached. In all runs, a No Template Control (NTC)
with pure water instead of DNA was added. All tested samples
were diluted to obtain a concentration of 10 ng/ul and evalu-
ated using a NanoDrop One Micro-UV/Vis spectrophotometer
(Thermo Fisher Scientific, Wilmington, U.S.A.). When results
of different runs were compared (e.g. in specificity testing)
the threshold was always set manually to the same level. The
baseline setting was done automatically.

The specificity of the primer pairs was estimated using
10 ng of DNA extracted from 40 samples including animals
and ingredients. The GS1 primer sensitivity was evaluated
by 6 serial tenfold dilutions in the concentration range from
10 ng to 10 fg, of DNA isolated from the target insect species
(UnGS) and the processed products (RoGS, ACGS).

Sequencing

The samples, that in PCR have been amplified for both Ins3.2
and GS1 were purified using the QIAquick® PCR Purifica-
tion Kit (Qiagen, Hilden, Germany) according to the manu-
facturer’s instructions. The purified products from GS1 PCR
were subsequently sequenced (Eurofins Genomics, Milano,
Italy). The forward and reversed sequences were clustered
and aligned with the reference gene sequence (accession no.
KR903358.1) using the multiple sequence alignment program
CLUSTAL OMEGA (https://www.ebi.ac.uk/) (data shown in
supplementary material).

Data analysis

The limit of detection (LOD) for GS1 was defined as the low-
est dilution level for which all replicates still gave a positive
result. When appropriate, data were subjected to the linear
regression model. The efficiency E = (10"/ S — 1) % 100 of
each qPCR system was calculated based on the slope(s) of the
regression curve obtained by plotting Ct values against log
DNA concentrations. The regression lines were compared and
tested for parallelism. The following model was used:

y= ﬂ0+ ﬂlx+ﬂzz+ﬂ3xz+£

where ¢ is the error associated with the model and z is an
“independent” dummy variable as described by Andrade &
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Estévez-Pérez (2014). The Student’s t test was used to evalu-
ate the null hypothesis H;, : f; = 0.

Results and discussion
In silico analysis

The GS PCR system was developed based on the mito-
chondrial cytochrome b (CYB). The sequence from Gen-
Bank Accession No. KR903358.1 (346 bp) was chosen
as Gryllodes sigillatus reference for method development
and alignments with all other species. The GS1Fw and
GSlre primers amplified a sequence of 149 bp included in
this region. The specificity of the whole amplicon and the
primer-binding sites checked in silico by BLASTn data-
base revealed 85% of identity with Lepidogryllus com-
paratus and 83% of identity with Gryllus bimaculatus for
the whole amplicon. A comparison between the Gryllodes-
specific primers and the sequences from other Arthropods
demonstrated an encouraging number of mismatches.

The genus Lepidogryllus sp. is of minor interest regard-
ing the intended scope of the system developed primarily
for feed and food on the European market, where those
species are not allowed. In the data set, only Acheta
domesticus revealed close identities (82%) with the tar-
geted Gryllodes sigillatus sequence; in any case, the AC
samples gave negative results with the GS primers.

To achieve 100% specificity for an insect, targeted PCR
system seems to be unrealistic taking into consideration
the biodiversity of insects [35]. The in silico analysis con-
firmed the application of the reported primers in the gPCR
test and the results obtained in the present study revealed
good specificity for GS against the species allowed for feed
and the ones proposed for human consumption.

Specificity testing with biological samples

The primers specificity was tested in triplicate on 40 dif-
ferent DNA samples of animal and plant origin with the
starting concentration of DNA at 10 ng/ul for each pair of
primers. Data are reported in Table 2. The Ins3.2 primers
amplified only the samples belonging to an insect family,
as previously observed in Koppel et al. (2019). On the con-
trary, the GS1 primers gave clear positive signals in qPCR
(Ct=21.5) only for the target species, Gryllodes sigillatus,
thus showing the specificity of the GS1 primers compared
to the unspecific insect detection of Ins3.2. These results
allow the use of GS1 primers to discriminate GS DNA in
a complex matrix without the risk of unspecific amplifica-
tion sequences.
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Table2 Animal species and ingredients used to evaluate cross-reac-
tion

Species/product Insect unspecific ~ Gryllodes
Ins3.2 sigillatus
GS1
Insecta
Gryllodes sigillatus (UnGS) Pos Pos
Hermetia illucens Pos Neg
Gryllus assimilis Pos Neg
Acheta domesticus Pos Neg
Musca domestica Pos Neg
Alphitobius diaperinus Pos Neg
Tenebrio molitor Pos Neg
Bombus terrestris Pos Neg
Nezara viridula Pos Neg
Oecanthus pellucens Pos Neg
Sitophilus granarius Pos Neg
Sitophilus oryzae Pos Neg
Rhyzopertha dominica Pos Neg
Halyomorpha halys Pos Neg
Apis mellifera Pos Neg
Bombyx mori Pos Neg
Locusta migratoria Pos Neg
Crustacea
Parapenaeus longirostris Neg Neg
Pleoticus muelleri Neg Neg
Penaeus kerathurus Neg Neg
Mollusca
Pecten jacobaeus Neg Neg
Mytilus edulis Neg Neg
Chamelea gallina Neg Neg
Aequipecten opercularis Neg Neg
Sepia officinalis Neg Neg
Loligo vulgaris Neg Neg
Vertebrates
Bos taurus Neg Neg
Ovis aries Neg Neg
Oncorhynchus mykiss Neg Neg
Dicentrarchus labrax Neg Neg
Sparus aurata Neg Neg
Atherina boyeri Neg Neg
Ingredients
Pea protein concentrate Neg Neg
Soybean meal Neg Neg
Dry brewer’s yeast Neg Neg
Fish meal (anchovy) Neg Neg
Poultry & turkey by-product Neg Neg
Poultry by-product Neg Neg
Corn gluten Neg Neg
Wheat gluten Neg Neg

Efficiency and limit of detection (LOD)

The efficiency of the GS1 qPCR system evaluated by serial
tenfold dilutions of UnGS, RoGS, and ACGS100 DNA is
presented in Fig. 1. Positive results were observed until
107 dilutions. Such values reflect the higher presence of
mitochondrial target genomes relative to genomic DNA
copies in the cell. Linear regression relationship was
observed within the dilution range between C, values and
Log DNA concentrations. An efficiency of 96.4% was cal-
culated from the regression curve of UnGS (y=-— 3.394
x+42.521; R*=0.994, d.f. 14) and RoGS (y=— 3.412
x+43.023; R*=0.999, d.f. 14) while an efficiency of
95.4% resulted from the regression curve of ACGS100
(y=-—3.436 x+47.010; R%2=0.998, d.f. 8). The slope
value, the amplification efficiency and the determination
coefficient of the linear relationships resulted within the
range of the requested parameters reported in the guide-
lines of the European Network of GMO laboratories for
the verification of a quantitative real-time PCR method
[36]. The values of the slope of the standard curves were
in the range of — 3.6 <slope < — 3.1 and the amplification
efficiencies were in the range 90—110%. Those results
show the specificity of the primers designed for the target
DNA and the melting curve underlines the amplification
of a single fragment, confirmed by gel electrophoresis run.

qPCR validation

All the samples and complex matrices were tested in qPCR
using the Ins3.2 primers; the samples that gave a positive
result were subsequently tested in qPCR with GS1 prim-
ers. Only the samples UnGS, RoGS, ACGS meal mix and
GSS (1-3) resulted in a positive signal and the amplified
products were afterward sequenced to verify the amplified
sequences that were blasted against the reference gene (CYB
accession no. KR903358.1). The alignment (supplementary
materials) shows no differences between the UnGS (refer-
ence DNA) and the other five sequenced samples, thus con-
firming that the JPCR analyses amplified selectively only the
target G. sigillatus DNA; on the contrary, the six sequenced
sequences of the qPCR amplification resulted in four differ-
ent bases when compared with the reference CYB sequence
(accession no. KR903358.1). Such discrepancy could be due
to low accuracy in the deposited sequence in GenBank or
punctiform intraspecies variation of the selected gene; any-
way, these variations did not prevent the specific identifica-
tion of the species.

Effect of technological treatment

The effect of GS matrix processing was evaluated on the
detection method performance by utilizing the native G.
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Fig.1 PCR Linear regression 40
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sigillatus (UnGS) and the different commercial products:
crunchy roasted samples (RoGS), the mixture of AC and
GS commercial meals (ACGS) and energetic bars contain-
ing GS (GSS).
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The linear regression of six %2 dilutions of 10 ng of
DNA extract from UnGS and RoGS samples are shown in
Fig. 2. The 10 ng/ul of UnGS DNA sample resulted in a
Ct value 21.5 and the normalized curve of its six ¥2 dilu-
tions is expressed by the relationship y=— 3.344 (+0.090)

RoGS
y=-3.728x+30.001
R?=0.984
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Fig.2 GS PCR regression curve resulting from six-fold dilutions of Untreated GS (UnGS) and Roasted GS (RoGS) DNA. Data expressed as

mean value + standard deviation of triplicate measurements
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x+428.170 (£0.118) (R*=0.995, d.f. = 17). The 10 ng/ul of
RoGS DNA sample resulted in a figure of Ct value of 22.5
and the normalized curve of six ¥2 dilution is expressed by
the relationship: y=— 3.728 (+0.157) x+30.001 (+0.205)
(R?=0.984, d.f.=17). Testing the two regression lines for
parallelism, the following relationship was obtained for the
overall data y=42.521 (£0.288) — 3.394 (+0.064) x— 0.018
(£0.090) z+0.502 (£0.408) xz where the +indicate the
standard error associated to each coefficient. The Student’s
t test for the coefficient of the interaction x X z (r=1.231)
was not significant (P =0.234) so the lines are parallel with
no significant difference between slope values (— 3.344 and
— 3.727 for UnGS and RoGS, respectively). It should be
noted that the dilutions from RoGS DNA samples resulted in
approximately two additional cycles to be detected. The PCR
results on the DNA extracted from the snacks for human
consumption characterized by different GS inclusion (GSS)
and from the mixture of AC and GS commercial meal sam-
ples (ACGS) are presented in Fig. 3. A clear positive signal
was detected for the 10 ng DNA/PCR samples. No template
control (NTC) and negative controls were tested and resulted
in negative or weak signals. The samples with different lev-
els of GS inclusion in the complex matrix of the snacks sam-
ples (GSS) resulted in a normalized relationship expressed
by y=—10.867 (1.094) x+39.201 (+ 1.021) (R*=0.936,
d.f.=8). The linear relationship obtained with the ACGS

mixture is expressed by y=— 4.5572 (+0.244) x+35.67
(+0.395) (R*=0.965, d.f.=20).

When the regression lines of UnGS and ACGS were tested
for parallelism, the following relationship was obtained for
the overall data y=34.834 (+0.450) — 3.908 (+0.314)
x— 6.665 (+0.475) z+0.564 (+0.335) xz. The Student’s ¢
test for the coefficient of the interaction x X z (r=1.681)
was not significant (P =0.105) so the lines resulted parallel
with no significant difference between slopes (— 3.344 and
—4.557 for UnGS and ACGS, respectively).

It was worthwhile to note that the comparison between
the UnGS regression line and the ACGS regression line
reveals that additional PCR cycles are needed to detect the
samples from the mixtures (ACGS) in comparison with the
samples not subjected to technological treatments (UnGS).

In contrast, the GSS regression line presents a signifi-
cantly different slope if compared to the UnGS linear rela-
tionship (P=0.001). Testing the regression lines of UnGS
and GSS for parallelism, the following relationship was
obtained for the overall data y=28.170 (x0.175) — 3.344
(+0.134) x+11.030 (£ 0.703) z— 7.523 (+0.742) xz. The
Student’s ¢ test for the coefficient of the interaction x X z
(t=-10.133) indicates that the lines are not parallel. The
relationships presented in Fig. 3 underline the different
characteristics of the matrices considered in the test. As
observed by Hrncirova, Bergerova, & Siekel (2008), the

32.0
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2_ AN .
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Fig.3 GS PCR regression curve of different percentages of GS derivatives inclusion in the snack (GSS) and the mixture of commercial AC and
GS meals (ACGS) compared with the UnGS regression curve. Data expressed as mean value + standard deviation of triplicate measurements
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technological processing could be one of the factors affect-
ing the integrity of the DNA extracted from food matri-
ces that influences the CT needed for the qPCR detection.
In fact, the nature/intensity of the processing treatments
determined weak or not negligible degrading effect, as also
suggested by the different y-intercepts of the regression
lines for UnGS, RoGS, and ACGS. In addition, the pos-
sible presence of inhibitors, that could not be eliminated
during the DNA extraction process, could affect the CT
response of a complex matrix.

Moreover, in the case of GSS, the different particle
size of the bars ingredients represents another factor that
should be taken into account; this might have made the
DNA extraction from fine components, like insect meal,
easier with respect to the other ingredients. Consequently,
such factor could have affected the sample expected ingre-
dients ratio.

All these factors should be taken into account and spe-
cific calibration curves based on the sample characteristics
should be considered to quantify the target DNA in differ-
ent processed samples.

Conclusions

The real-time PCR method described in the present study
resulted in robust and sensitive outcomes making it suit-
able for the purpose for which it was designed.

The use of the two pairs of primers enables a clear insect
and GS discrimination and the sequencing of the GS1 qPCR
products confirms the accuracy of the Gryllodes sigillatus
detection and the robustness of the technique.

In addition, the results of the present study indicate that
with the same initial amount of insect DNA, different sig-
nals are obtained depending on the severity of the techno-
logical processing treatment which the matrix is subjected
to and the possible presence of inhibitors.

In conclusion, the complexity of the matrix, possible
inhibitors, and the integrity of the extracted DNA can affect
the quantification of GS in the sample, but the method is
always capable of detecting the GS target DNA and the
sequencing of the PCR product confirms the specificity of
the amplified product. Moreover, the combination of the two
pairs of primers is able to certify the univocal identification.
However, if the method must be applied for relative quantifi-
cation, specific calibration curves should be developed and
validated for different technological processes.

For these reasons, the method is suitable for detecting
the presence/absence of Gryllodes sigillatus DNA both in
feed and food and GS1 primers will be used to implement
a genosensor biochip [38].
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