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Abstract [ Objectives ] To verify the specificity, sensitivity, precision and negative-positive deviation of the foodproof gluten component de-

tection kit for the detection of gluten allergens in milk powder matrix, and to establish a real-time fluorescent PCR legal method for the detec-

tion of gluten allergens in milk powder. [ Methods ] The specificity, sensitivity, precision and negative-positive deviation of the detection

method of foodproof gluten component detection kit ( PCR-probe method) were verified by artificially adding different concentrations of wheat

bran and extracting sample DNA by kit method, and applied to sample detection. [ Results ] The specific detection results of two kinds of milk

powder with wheat bran and buckwheat added showed that the foodproof gluten component detection kit ( PCR-probe method) had good speci-

ficity for wheat gluten. The results of artificially added wheat bran positive samples showed that the false positive rate and false negative rate of

the kit in the milk powder matrix were 0, and the sensitivity and precision were high. [ Conclusions | The kit is simple to operate and has high

accuracy, which is suitable for the detection of gluten allergen components in milk powder.
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1 Introduction

Food allergy is a recurrent, adverse reaction caused by a spe-
cific immune response after exposure to a particular food and has
become a global food safety issue'' ', The presence of natural al-
lergenic components in food ingredients causes allergic reactions in
5% —8% of children and 2% —4% of adults, which can be se-
vere and life-threatening”™’ . Among them, gluten is one of the
food allergen components and was the first food allergen to receive
international attention and research. Gluten is a structural protein
complex widely found in wheat grains, especially barley, wheat,
oats and other grains, mainly composed of wheat alcohol soluble
proteins and wheat gluten proteins, which account for 80% —85%

[4=¢7 " Gluten proteins are the

of the total protein content of wheat
common antigens of celiac disease and immunoglobulin E (TIgE) -
mediated wheat allergy, and when an allergic individual is ex-
posed to this protein for the first time, the body’s immune system
produces antibodies that become IgE, and upon re-exposure to the
same food proteins, the IgE antibodies and chemicals such as his-
tamine are released, causing respiratory, gastrointestinal, dermal,
or cardiovascular reactions that, in severe cases may even be
fatal 7%

The techniques used for allergen detection can be categorized
into two main groups, i. e. , immunological detection techniques
based on the protein level, and molecular biology detection tech-

niques based on the gene level™ . Molecular biology detection
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techniques based on the gene level include real-time fluorescence
quantitative PCR, multiplex PCR, reverse transcription PCR, dig-
ital PCR, etc.

protein level include electrophoresis, mass spectrometry, immuno-

Immunological detection techniques based on the

logical methods and enzyme-linked immunosorbent assay. The
most widely used are mainly ELISA and PCR methods ™",
Since the accuracy and specificity of immunological detection
methods mainly depend on the recognition of allergens by antibod-
ies, certain food industries often utilize deep-processing tech-
niques such as thermal processing, ultra-high pressure and enzy-
matic digestion to deform and degrade allergenic proteins, and
changes in protein structure can interfere with protein extracts or
antibody binding sites, which can also lead to the emergence of
false-negative results'”’. Real-time fluorescence PCR method, as
a new detection technology, has played an increasingly important
role in allergen detection, and it effectively solves the problems of
immunological methods, such as the inability to detect processed
foods and high false-negative rate, and the instrument is relatively
inexpensive, with low requirements for personnel experience and
operation, and the detection cost is extremely low, high accuracy,
good reproducibility, applicability, and easy to popularize the ap-
plication'”'. The foodproof Gluten Composition Detection Kit
(PCR-Probe Method) adopts real-time fluorescent PCR technology
to design primers and probes for wheat- and barley-specific genes,
and the probe bound to the template is broken down by Taq en-
zyme to produce fluorescent signals during PCR amplification, and
the fluorescent quantitative PCR instrument plots real-time ampli-
fication curves based on the detected fluorescent signals, thus re-
alizing the qualitative detection of gluten at the nucleic acid level.
The qualitative detection of gluten at the nucleic acid level is
realized.

In this study, the specificity, sensitivity and precision of the
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foodproof gluten detection kit were verified, and the false-positive
and false-negative rates of the kit were also evaluated by milk pow-
der samples artificially spiked with wheat gluten, with a view to
providing more choices of detection protocols for the detection of

gluten allergenic components in milk powder.

2 Materials and methods

2.1 Samples and reagents

2.1.1 Sample information. Infant formula, wheat bran, buck-
wheat , samples from Jingdong e-commerce and a market in Hohhot
City.

2.1.2 Reagents. foodproof gluten component detection kit ( BIO-
TECON Diagnostics Company ) , plant gene extraction kit ( Tian-
gen Biochemical Technology Co. , Titd. ).

2.2 Instruments and equipment Picol7 benchtop centrifuge
(Thermo-Fisher, USA), SLAN-96P real-time fluorescence quan-
titative PCR instrument ( Shanghai Hongshi Medical Technology
Co. , Ltd. ), A2 type biological safety cabinet ( Thermo-Fisher,
USA), BioDrop ulite micro nucleic acid protein assay (Bio-Drop,
USA).

2.3 Experimental methods

2.3.1 Extraction of template DNA. Weighed 30 mg of each in-
fant formula sample and simulated gluten-containing sample in a
2 mL centrifuge tube, extracted and purified the template DNA
using the DNA extraction and purification kit, and then used the
micronucleic acid protein assay to determine the quality and con-
centration ( OD,g,/ 0D, is in the range of 1.7 —=2.0) for fluores-
cence PCR detection.

2.3.2 Foodproof gluten allergen component detection kit meth-
ods. First, the solution was thawed. To maximize recovery of the
contents, shook the vial briefly in a microcentrifuge before open-
ing. Removed the assay master mix, blew up and down to mix
carefully, pipetted 20 pL of PCR Master Mix into each PCR tube,
added 5 pL each of the negative control, sample DNA extract,
and positive control into PCR tubes, covered the tube, centrifuged
briefly, and immediately performed the PCR amplification reac-
tion. The PCR tubes were placed on a PCR instrument, and the
recommended reaction program was set as follows: reaction system
25 pL. The recommended reaction program is as follows: 25 pL of
reaction system, fluorescence signal is detected at 60 °C in each
cycle of the second step, and the detection channel is selected as
FAM, and the detailed operation procedure is described in the in-
struction manual.

2.3.3 Specificity verification. Took infant formula as the base,
separately added 1% wheat gluten and buckwheat, extracted the
DNA of the samples for specificity test according to the method de-
scribed in the DNA extraction kit, and carried out the PCR reac-
tion and interpretation of the results according to the method in
Section 2. 3. 2 in the instructions of Foodproof Gluten Allergen
Component Detection Kit to verify the specificity of the method.
2.3.4 Sensitivity validation. Wheat gluten and infant formula

were mixed in different proportions to obtain samples with different

gluten contents, and the gluten contents were 100% , 10% , 1% ,
0.1% ,0.01% , and 0.001% , with a total of 6 concentration gra-
dient samples, and the DNA of the samples used for sensitivity
testing was extracted in accordance with the method described in
the DNA Extraction Kit, and the DNA of the samples was extrac-
ted in accordance with the method in Section 2.3.2, and PCR re-
action and result interpretation were performed according to the
method in Section 2. 3.2 to verify the sensitivity of the method.
2.3.4 Precision verification. Took 2 samples of infant formula
and infant formula with artificially added 0. 1% wheat gluten,
extracted the DNA of the samples used for the precision test ac-
cording to the method described in the DNA extraction kit, and
carry out PCR reaction 10 times for each sample according to the
setting of the instruction manual of Section 2. 3.2 Foodproof Glu-
ten Allergen Ingredient Detection Kit to validate the precision of
the method.

2.3.5 Negative and positive bias experiment verification. Took 5
samples of infant formula, 20 samples of infant formula with
0.01% wheat gluten added artificially, and 5 samples of infant
formula with 0. 1% wheat gluten, extracted the DNA of the sam-
ples used in the negative-positive deviation experiment according
to the method described in the DNA extraction kit, and carry out
the PCR reaction and interpretation of the results in accordance
with the setting of the instruction manual of Section 2. 3.2 Food-
proof Gluten Allergen Ingredient Detection Kit. PCR reaction and
result interpretation were performed to calculate the false positive
rate and false negative rate to verify the negative and positive devi-

ation of the method.

3 Results and analysis

3.1 Specificity test results The Ct value of foodproof Gluten
Allergen Detection Kit for infant formula containing 1% wheat glu-
ten was less than 35, and the result was determined as " positive
for gluten-containing cereal" ; while no specificity was found for
infant formula containing 1% buckwheat and infant formula with-
out wheat gluten. The Ct value was No Ct, and the result was neg-
ative for gluten-containing cereal ingredients. The results are
shown in Table 1, which indicates that the specificity of the kit is

good.

Table 1 Test results of specificity for Foodproof Gluten Allergen ingre-
dient test kit

PCR Result
- (No Ct)
- (No Ct)
- (No Ct)
+(24.32)
+(23.77)
+(24.08)
- (No Ct)
- (No Ct)
- (No Ct)

No. Sample Name

1 Infant formula

2 Infant formula with artificially added 1% wheat bran

3 Infant formula with artificially added 1% buckwheat

3.2 Sensitivity test results The results of the sensitivity test
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are shown in Table 2. From the results, it can be concluded that
the content of wheat gluten can still be detected at 0.01% , which
indicates that the sensitivity of this method can reach 0.01% , and
that it can also detect wheat gluten at 0.01% . The sensitivity of
this method can reach 0.01%.

3.3 Results of precision experiment
the substrate, one negative sample without wheat gluten, one posi-

Using infant formula as

calculated from the results in Table 4. The false-positive rate of
the results was 0. For positive results, the false-negative rate of
the foodproof Gluten Allergen Ingredient Detection Kit test results
was 0.

Table 2 Test results of sensitivity for Foodproof Gluten Allergen ingre-
dient test kit

tive sample with artificial (:onte'lminati()n of 0. 1% wheat glt{tv:.n, No. cnnc:notlrl:ttifr? % PCR results

each sample was repeated 10 times. The rest{lts of the precision n 100.0 T (19.82) + (20.04) + (18.96)

test are shown in Table 3.. lj“rom the .results, it can be concluded 5 10.0 +(20.14) 4 (18.52) +(20.13)

that the results of the pre(?lslon. expenmeth of the foodproof gluten 3 1o 4 (22.65) +(23.00) 4 (22.89)

allergen component det('actlon kit ar(j: -consmte.nt.' . 4 o1 4 (21.38) 4 (23.84) 4 (24.93)

3.4 Results of negatlv.e and P(.)smve (.le?'latlon experlments. 5 0.01 4 (24.54) 4 (23.22) +(19.17)

The results of the nega-llve-posmve deviation test are shown in 6 0.001 ~(No C1) ~(No C1) (No C1)

Table 4. The results of the negative-positive deviation test are

Table 3 Test results of precision for Foodproof Gluten Allergen ingredient test kit

No. Sample name PCR result

1 Infant formula with artificially added 0. 1% wheat bran +(24.35) +(19.86) +(22.37) +(23.38) +(24.22)
+(25.17) +(24.33) +(24.32) +(21.64) +(23.51)

2 Infant formula —(No Ct) —(No Ct) —(No Ct) —(No Ct) —(No Ct)
- (No Ct) - (No Ct) - (No Ct) —(No Ct) - (No Ct)

Table 4 Test results of negative-positive deviation for Foodproof Gluten Allergen ingredient test kit

Sample name Samples/ pes Samples positive/pcs Samples negative/ pes ZZT:;:;/HN:iﬁ:

Negative samples 5 0 5 0

Positive sample (0.01% ) 20 20 0 0

Positive sample (0.1% ) 5 5 0 0

4 Conclusions and discussion
Abnormal or abnormal immune responses in the human body
caused by food allergy have become a global public health and food

1) With the rapid development of

safety issue of great concern
molecular technology at the DNA level, high-throughput and highly
sensitive PCR technology has also played an important role in al-
lergen detection, and the use of real-time fluorescent PCR to de-
tect gluten allergen components is easier in the pre-treatment
process and more accurate in the results compared with mass spec-

trometry methods, immunological methods, enzyme-linked immu-
15-18]

nosorbent assay, elc

This test was conducted to validate the specificity, sensitivi-
ty, precision and negative and positive deviations of the fluores-
cence quantitative PCR assay by measuring the mixed samples of
adulterated wheat gluten. From the test results, it can be seen that
the gluten components in milk powder can be detected quickly and
accurately by real-time fluorescence quantitative PCR, and the
foodproof gluten allergen component detection kit has good speci-
ficity, sensitivity, precision, and the results of the negative and
positive deviations were all 0. The kit has the advantages of simple
operation and rapidity, which can meet the needs of the rapid de-
tection of infant milk powder samples, and it is suitable for monito-
ring the gluten allergen composition of milk powder used in the

production and processing process, providing powerful technical

support for the quality control of enterprise products.
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being used as cosmetic raw materials, natto skin care soap, health

food and medicine, and have a broader development prospect.
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