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Abstract

The behavior of mixing fake edible oil is not uncommon, and the addition of "gutter oil" to edible oil will have a serious impact
on people's daily lives. A method for detecting duck components in edible oil using Proofman ladder-shape melting
temperature isothermal amplification (Proofman-LMTIA) was established by combining Proofman enzyme-mediated probe
cleaning with LMTIA technology. Proofman probes and LMTIA primers were designed for specific gene fragments in duck DNA,
and the reaction system was optimized through experiments. The results showed that the established Proofman-LMTIA
detection method had the best amplification effect at 66 °C and could detect duck DNA concentrations as low as 1 pg/ul.
The method has strong specificity and can accurately distinguish duck source genes from DNA of other species, detecting
adulteration of 0.1% of duck mass fraction. The amplification time is within 20 min. The established Proofman-LMTIA
detection method can quickly detect the adulteration of duck components in edible oil, providing a reference for regulatory
authorities.
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1. Introduction

"Gutter oil" (kitchen waste oil) is a type of waste edible oil
from different sources. After refining and processing, it is
difficult to detect trace amounts of "gutter oil" mixed with
normal edible oil.l'! Due to the severe supply situation of
edible oil in China and the significant price differences of
different types of edible vegetable oil, driven by interests,
illegal businesses mix "gutter oil" that poses a huge threat to
human health into normal edible oil to varying degrees for sale,
in order to make huge profits.”! Due to the potential market
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and huge profits, there are frequent safety issues such as
adulteration and forgery in the edible oil industry.’-! The
blending of waste oil into edible oil is one of the most
concerning issues in current food quality control in developing
countries. !

The quality and safety issues of edible oil are also world-
class challenges faced by developed countries. The food
ingredient fraud and economic profit driven adulteration
database established by American scientists has sorted out the
reports and papers on illegal addition and profit driven
adulteration of prohibited ingredients in food worldwide. The
analysis found that reports on illegal addition and adulteration
of prohibited ingredients in edible oil ranked first among all
food adulteration problems, accounting for 24% of the total,!”
such as adulteration of olive oil, peanut 0il,¥ or sesame oil,”!
etc. The illegal addition of prohibited ingredients in edible oil
and profit driven adulteration are significant global food safety
issues that have attracted widespread attention, as well as hot
and difficult issues in the field of global food quality and safety.
From this, the safety of edible oil is a difficult problem and
challenge that threatens human health development, social
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harmony and stability,!'*'?l and identifying the adulteration of
"gutter oil" in edible oil has become an urgent problem to be
solved.” Due to the complexity of the composition of "gutter
oil" and the special requirements for rapid detection, there is
an urgent need for a simple and fast detection method.>!314]

Due to duck being a frequently consumed food, there is a
higher possibility of duck genes appearing in "gutter oil". This
study aims to preliminarily identify "gutter oil" by detecting
duck genes in edible oil. But as the saying goes, "If you mix
oil with oil, you'll see your sorrows. " It's extremely difficult
to detect and identify different oils after mixing them. Due to
the fact that "gutter oil" undergoes refining and high-
temperature treatment, there is very little residual DNA and it
is a small fragment, making it difficult to detect DNA using
conventional methods.

At present, for the detection of adulteration in edible oil,
the main methods adopted include rational methods,
chromatography,!'!  spectroscopy,!'*'7 nuclear magnetic
resonance spectroscopy,'®! and molecular biotechnology. The
commonly used molecular biotechnology method is digital
polymerase chain reaction (dPCR) technology, and dPCR
technology is the third generation PCR methods after
traditional PCR methods and quantitative PCR (qPCR)
methods.['"”! dPCR technology, with its unique advantages, has
demonstrated outstanding performance in the field of food
safety testing. This technology does not rely on calibration
substances or standard curves, and is directly connected to the
International Basic Units, ensuring absolute quantification of
the results. Its high specificity, sensitivity, accuracy, and low
sensitivity to matrix effects make dPCR unique in food safety
testing. Compared with traditional PCR and fluorescence
quantitative PCR, dPCR provides a faster, more efficient, and
more accurate solution for food safety detection. These
characteristics have made dPCR widely concerned in the field
of food safety. However, digital PCR technology not only
requires precision instruments in operation, but also requires
complex chips with high prices and long detection times.
These disadvantages restrict the widespread application of
digital PCR. However, other detection methods, such as
physical and chemical methods, have lower sensitivity, and
spectroscopic instruments are more expensive. Nuclear
magnetic resonance spectroscopy and chromatography not
only use expensive instruments, but also require complex
operations and specialized experimental personnel. Therefore,
a simple, practical, low-cost, highly sensitive, and specific
detection method is needed to detect adulteration of edible oil.

Our team reported the ladder-shape melting temperature
isothermal amplification (LMTIA) technology in 2021.12
LMTIA technology is a novel nucleic acid isothermal
amplification technique developed based on LAMP and PCR
technology. LMTIA technology has higher sensitivity than
LAMP technology and is simpler and faster than PCR
technology, reducing PCR reaction time from 90 minutes to
less than 20 minutes. In the preliminary research, we used
LMTIA technology to establish LMTIA detection methods for
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soybean components in edible oils,?!! soybean components in
dairy products,?? and corn components in edible oils.?!

This study established a method for identifying duck
components in edible oil based on Proofman-LMTIA
technology, providing a feasible detection method for
identifying suspected "gutter oil".

2. Materials and methods

2.1 Materials and reagents

Edible oil, chicken, duck, pork, lamb, beef, and horse meat:
purchase from major supermarkets in  Xuchang;
Blood/Cell/Tissue Genomic DNA Extraction Kit: Beijing
Tiangen Biochemical Technology Co., Ltd; Nucleo Spin ®
Food reagent kit: Macherey Nagel, Germany; Universal
LMTIA reaction premix: Shandong Dege Biotechnology Co.,
Ltd; GPV8 ultra fidelity DNA polymerase (2U/uL): Universal
Biosystems (Anhui) Co., Ltd.

2.2 Instruments and equipment

Gentier 96E Fully Automated Medical PCR Analysis System:
Xi'an Tianlong Technology Co., Ltd; Nano Drop One Ultra
Trace Nucleic Acid Protein Analyzer: Beijing Tiangen
Biochemical Technology Co., Ltd; SCI-VS Adjustable
Blender: Thermo Corporation, USA; 1-15K high-speed
cryogenic centrifuge: Sigma, Germany; F6/10 homogenizer:
Shanghai Jingxin Technology Co., Ltd; Dry thermostat (metal
bath): Hangzhou Ruicheng Instrument Co., Ltd.

2.3 Methods

2.3.1 Research flowchart

The present study is summarized using the research flowchart
shown in the Fig. 1.

2.3.2 DNA Extraction

Refer to the method established by Gu et al to extract DNA
from edible o0il.?!l According to the instructions of the DNA
extraction kit for meat, extract DNA from different types of
meat separately. After extraction, the DNA concentration and
purity were measured using an ultra-trace nucleic acid protein
analyzer, and labeled separately for LMTIA amplification
reaction. Store the extracted DNA samples at -20 °C.

2.3.3 Design of LMTIA primer and proofman probe
Search for duck source genes from the GenBank database,
analyze them using Oligo 7 software, select fragments with a
ladder like melting temperature curve as targets, and then use
Primer3Plus (http://www.primer3plus.com/cgi-
bin/dev/primer3plus.cgi) design LMTIA primers using online
software and design Proofman probes based on the designed
primers.% The designed primers and probes were synthesized
by Anhui General Biology Co., Ltd.

2.3.4 LMTIA reaction temperature optimization
The LMTIA reaction temperature was optimized using a 10 pLL
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Fig. 1: Research flowchart.

system, each consisting of pre designed primers (1LF, LB, 1F2,

1B2), probes Pr-JOE, BstDNA polymerase, and 2 pL of DNA
or ddH,O. During the experiment, a drop of paraffin oil was
added to each single well to stabilize the reaction.?!->)l The
reaction temperatures were set to 65, 66, 67, and 68 °C, and
the reaction conditions were to collect fluorescence signals
every 30 seconds for one cycle, for a total of 40 cycles. Set up
two parallel experiments for each temperature.

2.3.5 Relative sensitivity test

Add duck genomic DNA to soybean oil and dilute it to
different concentrations such as 10 ng/uL, 1 ng/puL, 100 pg/uL,
10 pg/uL, 1 pg/pL, and 100 fg/uL. Extract DNA from edible
oil according to the method established by Gu et a/,?'"! and
perform sensitivity detection at the optimal reaction
temperature. Two parallel are set for each experiment.

2.3.6 Specific test

To verify whether the established method can distinguish
DNA from different species, genomic DNA extracted from
chicken, pork, lamb, beef, horse meat, and other sources was
used as a reference, while ddH,O was used as a negative
control and duck genomic DNA was used as a positive control.
According to the optimized experimental plan, each group of
experiments will undergo three parallel experiments to

observe and analyze the amplification results.

2.3.7 Mixed sample detection limit test

To investigate the detection limit of the established
experimental method, duck DNA was mixed with genomic
DNA from other species to prepare a mixed DNA sample, and
the LMTIA reaction system was used for detection. The
proportions of duck DNA in the mixed DNA samples were
0.01%, 0.1%, 1.0%, 5.0%, 10.0%, and 20.0%, respectively.
Add the mixed samples of duck DNA with different mass
fractions to the Proofman-LMTIA reaction system after
optimizing the temperature. Set two parallel samples for each
experiment.

2.3.8 Data and graph processing

The experimental data and amplification curves were analyzed
and processed using Archimed Analyzer real-time
fluorescence quantitative PCR software (v1.4.4) and Gentier
96E fully automatic medical PCR analysis system (v1).

3. Results and discussion

3.1 Design results of LMTIA primer and Proofman probe
The primer and probe gene sequences designed based on the
specificity of duck source gene fragments are shown in Table
1.

Table 1: Sequence of LMTIA primer and Proofman probe for duck DNA.

Primer / probe Sequences (5'-3")

Ya-ITS1-1LF CTTCCGCAGGTTCACCT

Ya-ITS1-LB GGCTTGGGCGTCGCA

Ya-ITS1-1F2 CAGCCCCGGTAATGATTTTAGTCGTAACAAGGTTTCCGT
Ya-ITS1-1B2 ACCGGGGCTGGGCCTTTTGGGCTCCGTCGCTCAC

Ya-ITS1-LBPr

5'BHQ2-GGCTTGGGCGTCT-3'JOE
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3.2 Results of LMTIA reaction temperature optimization
Different temperatures have an impact on DNA amplification,
which in turn affects experimental results. The experimental
results are shown in Fig. 2. At different temperatures of 65 °C,
66 °C, 67 °C, and 68 °C, only duck genomic DNA showed
amplification reactions, while the negative control (ddH,O)
did not undergo amplification. When the reaction temperature
is 66 °C, the duck genomic DNA amplification time is the
earliest, the signal is the strongest, and the effect is the best.
Therefore, 66 °C is selected as the optimal reaction
temperature for this method.

3.3 Results of sensitivity test

According to Fig. 3, in the 40 cycles of reaction at a reaction
temperature of 66 °C, amplification was observed in the
groups with gradient diluted duck genomic DNA
concentrations of 10 ng/pL, 1 ng/uL, 100 pg/uL, 10 pg/uL,
and 1 pg/uL, while no amplification was observed in the 100
fg/uL duck genomic DNA and negative control (ddH»O). This
demonstration the Proofman-LMTIA method established in
this experiment can accurately detect duck genomic DNA in
edible oil samples at a concentration of 1 pg/uL or higher,
indicating that the detection sensitivity of this method is 1
pg/uL. It shows that the sensitivity of detection is high in

40

RFU

samples mixed with a small amount of duck ingredients,
providing a reliable method for detecting edible oil
adulteration.

3.4 Results of specific test

According to Fig. 4, only duck genomic DNA was amplified
in 40 cycles, while the negative control (ddH,O) and DNA
from other species such as chicken, pork, lamb, beef, and horse
meat did not undergo amplification. This demonstration the
experimental method has strong specificity and can accurately
distinguish the genes of ducks from those of other animals,
thus enabling effective detection of food containing duck
ingredients.

3.5 Results of mixed sample detection limit test

From Fig. 5, it was shown that within 40 cycles of reaction at
66 °C, the negative control (ddH20) and the sample with a
duck DNA content of 0.01% did not undergo amplification,
while the mixed simulated samples with duck DNA contents
0f 0.1%, 1.0%, 5.0%, 10.0%, and 20.0% showed amplification
within 40 cycles. This demonstration the method established
in this experiment can quickly detect adulteration of duck
components with a mass fraction of 0.1% or higher in edible
oil.
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Fig. 2:
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LMTIA amplification curve of duck genomic DNA under different temperature conditions.
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Fig. 5: LMTIA amplification curve during detection limit test of duck genomic DNA mixed sample.
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3.6 Discussion

DNA plays an important role in biogenic identification.?+2’!
Although traditional PCR methods can perform qualitative
and quantitative analysis, they are time-consuming, have
complex temperature control, and slightly lower
sensitivity.l?*?7l In contrast, Notomi et al developed the Loop
mediated Isothermal Amplification (LAMP) technique in
2000,28 which can rapidly and accurately amplify target gene
fragments at a constant temperature, with high sensitivity and
specificity.? It is gradually replacing traditional PCR in food
adulteration detection. The unique property of constant
temperature eliminates the need for complex temperature
control equipment, making operation simpler and faster,
reducing costs, and adapting to grassroots detection needs.
However, LAMP technology still has drawbacks such as high
experimental design requirements, difficulty in primer design,
and high requirements for target sequence length."!

In 2021, Wang et al solved the problem of LAMP false
positives caused by aerosol pollution and non-specific
amplification, and invented LMTIA based on the mechanism
of single chain template generation in LAMP reaction.>"
LMTIA is a novel nucleic acid detection technology that
combines the unique advantages of PCR and LAMP. The
LMTIA method not only requires complementary pairing
between primers and target sequences, but also requires a
ladder like melting curve of the target sequence to provide a
single stranded template for amplification reactions.?"
Therefore, LMTIA technology should have higher specificity
in theory. In this study, specificity tests were conducted on the
established LMTIA method. DNA tests for chicken, pork,
lamb, beef, and horse meat showed negative results and did
not interfere with duck DNA detection, demonstrating the
good specificity of the LMTIA method. The reaction
mechanism of LMTIA technology is easy to understand, the
primer design is simple, the reaction speed is fast and has
strong specificity, high sensitivity, low requirements for the
length of the target sequence, and wide applicability.?!-23]
LMTIA technology, as a new technology, will have significant
advantages in grassroots testing scenarios in the market.

The edible oil detection method we currently establish can
only qualitatively determine whether it is adulterated, but
cannot detect the adulteration content. Therefore, using
LMTIA technology to establish a quantitative detection
method for adulteration is our next direction of effort. DNA
has high genetic stability, and DNA based detection methods
can effectively avoid interference from other factors. However,
extracting edible oil DNA is still an urgent challenge that
needs to be overcome. Both the reagent kit method and the
improved method have problems such as time-consuming
operation and low extraction success rate. It is necessary to
continue optimizing the edible oil DNA extraction method,
shorten the extraction time, and extract all long-chain DNA in
the oil as much as possible. It is worth noting that during the
processing of edible oil, DNA is severely damaged and
gradually degraded over time until it completely disappears.

6 | ES Food Agrofor., 2025, 20, 1528

On the one hand, the success rate of detection can be improved
through nucleic acid enrichment methods, and on the other
hand, primer fragments can be shortened or primers can be
added to improve sensitivity and amplification efficiency to
achieve detection goals.

4. Conclusion

This study established a novel Proofman-LMTIA detection
method for duck components in edible oil, aiming to quickly
and conveniently detect duck components in edible oil
(suspected to be "gutter oil" detection). This method designs
primers and probes for specific target sequences of duck genes,
and achieves the best amplification effect at 66 °C by
optimizing the reaction conditions. At 66 °C, this method
demonstrated extremely high detection sensitivity for duck
genomic DNA, reaching a level of 1 pg/uL. At the same time,
this method has no cross reactivity with common animal
derived components and has good specificity. The Proofman-
LMTIA detection method established in this experiment can
quickly and accurately detect duck DNA in mixed samples,
with a detectable limit mass fraction of 0.1%. The method is
easy to operate and can complete the detection within 20 min.
The Proofman-LMTIA method established in this experiment
provides an efficient and feasible solution to the problem of
adulteration of edible oil, and provides a reference for food
safety supervision.
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