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Abstract: To address the widespread adulteration of plant-based protein beverages, a loop-mediated isothermal amplification (LAMP)
method was developed for the rapid detection of hazelnut components. The conserved sequence (No. 19517533~19519500 bp) of chromosome
Ca8 (accession number: LR899430.1) in European hazelnut was adopted to design the specific primers for the LAMP detection of hazelnut
components. The reaction system was optimized and the specificity, sensitivity, and stability of the LAMP method were verified. Using
real-time polymerase chain reaction as the reference method, McNemar's test was performed to verify the performance indexes and accuracy of
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the LAMP method for 32 plant-based protein beverages. The LAMP method had strong specificity, and no positive amplification results were

Modern Food Science and Technology 2022, \ol.38, No.8

obtained for 33 plant ingredients except hazelnut. The reproducibility test was stable (Ct value, RSD=5.41%), and the lower limit of detection
was 0.1% (by mass fraction). The results indicated that the LAMP method had a specificity and sensitivity of 100%, with no false positives or
false negatives. In conclusion, the LAMP detection method had the advantages of simple operation, fast and efficient detection (<2 h from

sample processing to final results), and high accuracy. Hence, it can be applied to the rapid detection of hazelnut components in plant-based

protein beverages.

Key words: plant-based protein beverages; hazelnut components; loop-mediated isothermal amplification
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1.3 L7
1.3.1 3l4hikit 56

1361 CTATTTTCAAGAAATATTTGAATAAAAATTTGGT TCTCTATTTGTATTTTGAAAAATCTAAGAAATATGTTGCTAATGCT
GATAAAAGT TCTTTATAAACT TATTT TTAAACCAAGAGATAAACATAAAACT TTTTAGATTCTTTATACAACGATTACGA

1441 TTATCGTCTTGATTACCATAAACTCTAGATTGTTTTTCTATAGTAATAAAATAATTATAATTAATTGTGTTTTCTTCTCT
AATAGCAGAACTAATGGTATTTGAGATCTAACAAAAAGATATCATTATTTTATTAATATTAATTAACACAAAAGAAGAGA
F3 F2
1521 CATGAGTCTGATCTCTCTTCAACAGACTTAAATCAGACAA AMGCAACGTGTCCCAAAACCAAGCCCCTTCGTCTACATG
GTACTCAGACTAGAGAGAAGTTGTCTGAATTTAGTCTGTTTTTCGTTGCACAGGGTTTTGGTTCGGGGAAGCAGATGTAC
B2 LB Fle
1601 CAACCCCTGCATGAAAACT TCCTAACACGTGCCACCCCTTTTTCAACACGCACCACCCAGCCTCCTTCTATATAAAACCC
BITGGGGACGTACTTTTGAAGGATTGTGCACGGTGGGGAAAAAGTTGTGCGTGGTGGGTCGGAGGAAGATATATTITGGE
Ble
1681 CCACCTCTCACAGCTACGCTCACGGCCACACCAATATTATCATCAGCATCACACAATACGCTAAGTCCTGATCAACTCTC
GGTGGAGAGTGTCOATECOAGTBCCGGTGTGGTTATAATAGTAGTCGTAGTGTGTTATGCGATTCAGGACTAGTTGAGAG
B3
1761 CGCCGTCCGATCTTCATAAAATGGCTGAGCACCCAAGGCAATTGCAGGACCCGGCCCACCAACCCCGGTCCCACCAAGTT
GCGGCAGGCTAGAAGTATTTTACCGACTCGTGGGTTCCGTTAACGTCCTGGGCCGGGTGGTTGGGGCCAGGGTGGTTCAA

1841 GTCAAGGCGGCCACTGCTCCACCGCCGGTGGGTCCCTCCTGGTCCTCTCCGGTTTGATCCTAGCCGGCACGGTCATTGE
CAGTTCCGCCGGTGACGAGGTGGCGGCCACCCAGGGAGGACCAGGAGAGGCCAAACTAGGATCGGCCGTGCCAGTAACG

1921 GTTGACCTTAGCCACCCCGCTGTTTGTGATATTCAGTCCCGTTCTCGT
CAACTGGAATCGGTGGGGCGACAAACACTATAAGTCAGGGCAAGAGCA

&1 5 % LAWP SIHZERME FR G Ca8 EE EuE
Fig.1 The location of primers for LAMP in the Hazelnut
chromosome Ca8 gene
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Table 1 Primer sequences
HE RS B3l (5-3)
F3 CATGAGTCTGATCTCTCTTCA
B3 GTGAGCGTAGCTGTGAGA
FIP TTGCATGTAGACGAAGGGGCACAGACTTAAATCAGACAAAAAGC
BIP CTGCATGAAAACTTCCTAACACGTGGGTTTTATATAGAAGGAGGCT
LB CCCCTTTTTCAACACGCACC
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1.3.2 DNA BAR8G%] &

WAL, SR MREMTEERE S BB
B R, SR JE FRBOE B M E R B GR AT T — P,
2% QIAGEN 184 DNA $#2HURAI @ T IRRE, &
5. MR P4 DNA FI3REL. HEYIE YR
fh BURE 0.5 mL, 3MEREERESRIUGE A 4] DNAP,
JITA M EIERIZH DNA ] OD,g/ODago $7E 1.7~2.0 2
8], FFEERA DNA T-20 CHRAFEEH .
1.3.3 LAMP Rk A 09l

LAMP [t WARR (25 pl): N TR 12.5 plL,
Bst DNA EA&TM 1 uL, 64kl 0.5 uL, FIP 1.6
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LB 0.8 umol/L, DNA2uL, #MK% 25uL, %4> PCR
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FIAE A E R R SRR, FH T30 E iz V20
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Fig.2 LAMP specific amplification results of hazelnut

components
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Fig.3 LAMP sensitivity test results of hazelnut components

23 BT R LAMP ¥ #4572 M 21
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Fig.4 LAMP stability test results of hazelnut components
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3 2 LAMP F1 Real-time PCR #&il| 32 FMEAIE BRI PR FRTER
Table 2 The test results of hazelnut components in 32 vegetable protein drinks by LAMP and Real-time PCR

s ﬁ;"z ﬁ?%ﬁ’? ‘L\AMP Rea‘l-Fime PCR e *¥§r#ﬁ<§#ﬁ?ﬂ’? \LAMP Rea\l-?ime PCR
S AR FiRER  FEsER BH R FRGER  FEER

1 = - 17 #HT + +

2 A= - 18 = - -

3 X&. ot ZHh - 19 ik - -

4 A= - 20 A - -

5 KE. A= s BT A + 21 XE - -

6 k. ok - 22 AEdk. ek, 2R - -

7 fex - 23 AEdk. feA. ZR - -

8 M. ek - 24 x& - -

9 AZH - 25 X&. T

10 XE - 26 = - -

1 i - 27 #HT + +

12 X&. Zhk - 28 Jabk - -

13 XE - 29 = - -

14 Rk BT, LA + 30 EY/IN - -

15 A - 31 Z - -

16 Xa. Bk A, 2k - 32 P - -

E HRFRRETRY, RF AR RET RS
24 HAMERG AR AN

2% 3 LAWP F1 Rea |-t ime PCR 42 B4R A IRRHEF L 5T 8RR
TR
Table 3 The statistical analysis of hazelnut components in
vegetable protein drinks by LAMP and Real-time PCR

Real-timePCR 7 i% (5% % ik)

LAMP 367 % At
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Fenb % 4 (Afak) 0 (k) 4
aRE2d 0 (fBFAM) 28 (AMM) 28

it 4 28 32 (&40)
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LA Real-time PCRPDyZ [ 51, 114 LAMP #1779
MIRBUE . Rtk BB, 4558 0% 2. K
A LAMP e 710, 4 AMeessr
BT B R SRS 25 35 9 B, FE LA Real-time
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3 g
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T LAMP §Hfase iy, Hah, USRSk PCR
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