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Abstract: Small-molecule hazards are important risk factors in food safety and pose serious threats to human health.
Comprehensive screening of food safety risk factors helps enhance the public’s sense of security. However, conventional
detection methods fail to meet the requirements for trace detection of small-molecule hazards. The combination of immune
response and nucleic acid amplification technology is a rapid, efficient, sensitive, and accurate emerging method for the

detection of small-molecule hazards. Immuno-nucleic acid amplification combines the high specificity of immunoassays and
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the high sensitivity of nucleic acid amplification. This effective, sensitive, and accurate method is gradually playing a more

important role in the routine screening of small-molecule hazards. This study reviews the recent advances in research on

immuno-nucleic acid amplification, discusses in detail the current state of development of immuno-nucleic acid amplification

applicable to non-isothermal and isothermal conditions, and predicts the application prospects of this method in detecting

small-molecule hazards in food. Overall, this study provides a reference for further research and promotes the use of this

method in food safety inspection.
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Fig.1 Schematic diagram of immuno-nucleic acid amplification technology

388




MK EBBHT

Modern Food Science and Technology

2025, Vol.41, No.5

112 EAEBARAFHREPCR

H LR R AR 7R HR (Phage Display Technology,
PD) NARGPRGUATIAR, FEH 2 ISR ¥) DNA P51
AR AR & S AL, R A A e B A R
i, AR AR (R I TR R R AR TR s R B 2 T
R AAH A FRHURLE SR, PD SRR @R AL
S5 R ANAR S M5 U7 TH R DR 3457, ) P = 2 it
P BT A AR LR R bR 03 0 (R ) B R,
B G AN AR IRl 2 ST IR SR 1 G s, A
BONBARSUA -DNA BB BARRP R, CR/ N
FREFEWR ERGRA . HAf, PD-IPCR EZM
TR E R (Ochratoxin, OTA' ™| T KRB
(Zearalenone, ZEND™MZ BB 75 X ORI (38 1.

PD-IPCR £ 1R Jj) 5 1 75 K I, 3l 3 2 8 1 br
HEAIE PR, S ol REIMEZE. HBETT 455
e PO IR PR R B ELF . ettt #R
FFEANNE RN BARTT R TR AT
JE R T AR A9 iR oA, 37 PD-RT-IPCR 4 il
[ A AR Ry e A% 8 2% (Citrinin, CIT), &5 R 55
A5 AR €5 B A 5 3% 7% (Ultra Performance Liquid
Chromatography-tandem Mass Spectrometry, UPLC-
MS) HTLHEZER, REES51ES phage-ELISA
T, SCPE R e RN AR B 075 128 R0 R R R
Huang %5 DLHT MURR B 499 K & X27 1B M CIT g 45
PAPUJE,  HA7 ST G PCR, Al TR AR A R
CIT, ZJ7 154 EARL I phage-ELISA 97K 10

5, R L0 B B R R TR A SRS, I Af R R S
VERRTFIHR,  [RIBF GRGUAAE /N T fa B 5 4
PR X BEA BBAR B Z PO S s K 175 G e,
113 ATAMER M) % EPCR

2003 4, Nam 5™ 5 4@ A EED (Bio-
barcode, BB) Al A, &4 K &7 51 M 7] ) ZEA%
TR AE AR e, i b 2% 5 ] e 75 40 oK kL 2% 1H
EREEY, LA E B b anES, A
Lt BAS-IPCR, A il R 2 B 2 42 5. BB-IPCR
17 AE P Fh T Be A4k 59 90 oK R, BV R 4 499 oK i kar
(Magnetite Microparticles, MMPs) I 544 4 4l K fiL
¥ (Au Nanoparticles, AuNPs), | # 7 &5 H bz ¥,
JEH IR A AR, B R e B H AR F I E A
FE VKR BB-qRT-IPCR 1 4> 1 (2% % BR 5
#if 2% B (Staphylococcal Enterotoxin B, SEB), il %
T $1 SEB HL5g ik -MMPs FI2E£$T SEB £ 5o f£ 1T
4 -AuNPs-DNA A=) 56 TS P M 4 JE A K EREE, Al
I E WO PR BT DU SRR IURE & R ¥ SEB, 5
H AR ERY OGS, SO EEART. AR R
AR A ) SEB AN . 2% 7 1k I £ M AS IS
BT, R ELISA 2 MR R, At R E
S RAR T, FoE A RHETE. Li 255 AuNPs,
ZEN HSTBEHUAR ARG, KT KRN
rf) 8 AMEVR BE 7K F ZEN V5 Ye B VERE &, (HEE
PER A, XF 0-ZEN Fll f-ZEN iX P S AT AW AE X%
PR T 10%, K 20— Dt m.

®1 2BEPCRENRETER

Table 1 Schematic table of immuno PCR detection process
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Table 2 Schematic table of immuno LAMP detection process
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2.3 #JZHCR

% Z+ 22 4 30 & B (Immuno Hybridization
Chain Reaction, IHCR) & — M LR S5 & NI
TP Y W AR, HAZTRY 48 S B DURR R [ B
i DNA Jy 514, A8 M Fh A e S A7 1 R R AREHE
PEIE 2% 1 N R AR 228 I B3R AFE 5. THCR J5
B RTE, AMROBUERGE, R&HEERBEL, b
ILAMP SERgSEHL H bRy T s &y 15 . THCR 751k
Bk TR AR K 4y FUR I AT, 3 T S JE T K
PR IR S, Wk T BAsY. Liu
SN T RSO UK U E IR Ae i, FF
KA T K b AFB, ) IHCR {48 (R 4), FF
I ST SIS I8 AE T THCR ME SR AR . WA
RIL,  HA& O R AR BRI THCR & Z H 3t i N A5
ol LR R R IRE AR R A, UK
PUARER £t e LA BE K% FE 45 & AR A8 3R, a3k i
FEAE T 2 WL DNA, R RG-S, il
MRS 1A% A R 5 T4 S5 T ik ) o M
(Deoxynivalenol, DON). FB % Hfih JU 4 1 B 55 &
RAEAE X SE, - A WU FE RS W R 2 00 T Fe Ak 2
ROGHA S E T RER, Bl BRI E M
AIEEE, AR FEANIE T A ot AR v A o P

2.4 % %SDA

fo P B B e 15 5K (Immuno Strand Displace-
ment Amplification, ISDA) {# Bl & PR il 14 A 17118l i
fr B 02 R B R A 0, VIR e R AR . &
B B AME, WEBHRMEAMES SIS, 1
BRI 5" i AN EEGE VE ) DNA A BEE A 2814
BOWEE, [ BEH E 25wk, ISDA B/ kit
BRI RI AT e G AR Ry R Y, RF RS ILAMP
Y, AR AR RA . A 5SLHlE s sE
Z O AL T H S R SRy H R, ISDA
P IGRER G 2y G KW, SR IEZ
AR Bite e Ky 1, SRy 8 17F
2 SRE [ 2 2010 i B AL R AN 2. I O
HEABKESENY M7, ISDA fER YD T i
(Salbutamol, SAL) 2 2425 7 R, HHAK
For M PR IA 2] 0.65 fg/mL, T4 5 M 52536 A R SR EL
B3 2 UG wACRe 2 45 H W3 PRSI E =,
JRELH BRI E, B AR AU T S
TR TR R .

2.5 #%&RPA

o HAHM R G R (Immuno Recom-
binase Polymerase Amplification, IRPA) & ¥t & 21
fitE. HHE DNA 25 & & H HEE & 4 DNA R & i,
AJTE 37 CAEIR %M N 5~10 min Py SE I % R
PPuEy 1. HAM SIS, BRKNE &5
E BIBLARCEE A AT R, 7EEE B 4 DNA KRG
AL T T S, T S 45 G B 45 A U S
DNA FE{RFF HARE M. AR T HAR G S5 iR 3
FiR, IRPA BIAXBRY MR 5 % I MR FE 35
37 C, XANEEA B ILAMP M AE 2R A
FHEA G AR AR R, SR IRES T N AR A AT R
1) IRCA B 5. HAT, IRPA E 8 fh 2 A4k 1
WA AL TS B, HA Ivanov ZE5VR] F XS0
G g5 1L B RPA AU VLAS 2 1 (4, AR IPCR,
REUZSR S 3 MR, P AR SE%E . IRPA
FORAAE R GE ARG I (8] B R 25 BE R, ik
I R E M S seAE. #Bie E, EH
FHEAKRD TP IRPA 771k, WREH T &M/
ST IEEVRRN . AKX IRPA FIHE ARG R, AT
DAAA R LB Y L, B 4 i 2 B IR N T
11 5 Pyar il F AR RS 3K

3 REERE

B Z A 2 B, a1
FEW AR OL, XS N R A R R K
B S N T IEFERRZ His%eTr
A2 R 2 TR DU T I PO 5% I R 2 — XTR Y™
BE R PR A B b R B/ a0 ke
SO VOB RS, NIk . AR DU AREATR
MR IR0 T 2 AL I o T R Rk -
R Y™ M 1R He B XU RO, MRS 1/ oy
THEEYR N R . R RS (3R 5D,
LU R R, RORR B AR S DN E AR 5 R
AW SN i AR R 1) RS W R
RORAR S AR PRk BB B PR T P& R A e AL, 5T
BORKIRE TN RE 7, T ACAS IR, 4 A s U0 B 1)
TR A M EAR, T - LIRS 1 BOR 2z
BN E SO AR A D TR, et %
T REA L. AR, ARt
TR AR R T 5
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Table 5 Immuno-nucleic acid amplification techniques for detecting small and medium-sized molecular hazards in food

A AR iE A o Ao b AR K A R RIXBJL B Tk
Ao AR — ¥ BR — F B 1.98 pg/L — [28]
¥ RS ORI, PR, RARF 2.85 pg/L <11% [31]
ETADE -#HEFH ek m;’%ﬂk’f%{fiﬁ;’*‘%‘ 2.96 pg/L <6.12% [33]
F 8y 5%at %% PCR —IRARANHES
A o AR B — T B .
A = £ v e 95~4. ()
AR, BE. RAG AR W = OB 1.98~4.85 pg/L <10% [34]
T BEE S 445 AEE. OHEF 138pgmL D RE [26]
S5 PCR e HHREMELEB. AL C. G 1pgmL 0 [61]
25 E 8 ng/L — 27
ETHRG S o PR & 2]
R F R PCR i*&.‘/‘;{{;\% BA masEmAE AL B 7.5 fg/mL — [63]
AFaaRBAe o RARHS. ARR W 8L — LS. .
K E R PCR 455 5 AR =P RS 106 pe/L % B3]
IgY %J&i*%é 3l 2 Sk ol A ps 2y
JNS-th 495 PCR JRAHAL FAKRBMAELZA.E ~10 pg/mL L2 ¥4 [62]
%05 AT DNAR4TH . HARAMEFHA
PCR  FHEE %I PCR i, Z G S R St 4.5 pg/mL 0 [64]
" . HHELA EFeEEE. ;
Ko ARG AR KD EE 4.17 pg/mL S [41]
k. IED KK #mEE A B 3.7 pg/L <3.5% [42]
ES S S EN b 8 ) 6.5 pg/mL — [43]
AR R TR SRR REEAEBI
M584 %95 PCR RN N sEA . mwWaFAR Bl %
Kb @8 HHEE AL 0.46 ng/mL <0.1% [44]
v , HEE. EEATH
AN AN
k. Kk, A EFwEEEL. ZAFEHF 0.03~0.09 ng/mL — [56]
EF AW ER . Rt HEFAMEE B 0.269 pg/mL — [49]
#9 %.9% PCR k. A I KA B R 0.056~152.12 g <13.2% [50]
PR T YT T s . , ,
e bbah %95 PCR X&. Bk B 4.5 pglg 0.02%~2.36%  [52]
AT PLA B2 44 i 2 ¥+ EHE Bl 3.2 pg/mL — [72]
S LAMP f5 2% ek #wEHE B 4.8 pg/mL — [81]
AT *5:1\]71/; R bl ESRAN NS Xr 2 0.01 ng/mL <0.01% [73]
% ATEEHRLLEE  KOE. BRE TR BB 23 AP AT 0
LAMP  4k#5%% LAMP A& W R 2 2~128 ng/mL <0.02% (78]
AT B RRETHA " ww F4&% Bl. B2. -
44 %, 9% LAMP fes Gl. G2 1632 ngke 761
EFEMENDY R s x B
" %9 RCA AL DR @B HNEBHFE T2 0.26 pg/mL [82]
RCA KR FHAA " " .
2.4 %95 RCA 2K, hERK i EE A 5~7 pg/mL [83]
BE A TR A . oz _
HCR  HCR #4b3AE 3% =R #h F4F Bl 68 fg/mL [87]
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