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ABSTRACT: Objective To establish a method for the simultaneous detection of 12 kinds of animal-derived
ingredients in food, including Sus scrofa, Bos taurus, Bubalus bubalis, Bos grunniens, Capra hircus, Ovis aries, Gallus
gallus, Anas platyrhynchos, Anser cygnoides, Equus asinus, Equus caballus, Oryctolagus cuniculus by high-throughput
quantitative real-time polymerase chain reaction (qQPCR), and develop corresponding reference materials. Methods
Primers, probes and reaction system were designed based on specific target genes of each animal-derived ingredient. The
sensitivity and specificity of the method were evaluated. Concurrently, corresponding reference materials were developed.
Results A gPCR system for the simultaneous detection of 12 kinds of animal-derived ingredients was successfully
established. The sensitivity for each ingredient was 0.01 ng/uL, and no amplification was observed in non-target species,
demonstrating good specificity. The limit of detection of this method for different animal-derived components in fresh meat
was 0.1%. The developed reference materials exhibited good homogeneity and stability, with the assigned value being
positive for the corresponding animal-derived ingredients. The shelf life under frozen conditions at —18 °C is up to 36
months. Conclusion The established method exhibits good specificity and high sensitivity, effectively improving
detection efficiency and reducing costs. The prepared reference materials meet the requirements for reference materials and
can be used for intended purposes such as quality assurance throughout the detection process.

KEY WORDS: meat and meat products; animal-derived ingredients; quantitative real-time polymerase chain

FH1TE

reaction; reference material

0 3

A AR g N b B S B BOR R, LSk
5@ el—HaR8%KE, ZEFMEIRE), KL
PR IR R . AR T B IR AL Bl R
B REERE, X RAURILIE S F LR, EAThE
5| % i B A A A S DA KR T Rk, ST AL
TER ) PR S VR B ARSI AR, X e R il o e M
REEE N LN TG AP EAEEE L.

AR, PRSI R AR F2 2 B FAZTR |
B A ERE T A T SE TR RR O B S
e B R G MEsE ) (quantitative real-time polymerase chain
reaction, qPCR)FA, FEA & R UE Somsr 5dk A3 B
PESERAES), BN T A ZSTE I AL G (i 2 T LS
EFR B ILEJRT 2019 45 1 A KA T BIS 201904 £
i 2R SR A SER D PCR 25 ) UM, &
PR P 6 FlslldE B %Y, GB/T 38164—2019
C & &P IR AR ik SERTEEE PCR k) R
BHES T REZHE LEGYFZE, BE/bE | PETFE
LS5 a1 T U1l W B s 2 e A o o3 1 5 o N D ES N |
Axt ZH PCRAGIN H 25 36K 7oK, AP fla sy —&8
6 12 Ty UL PR 2 Sl IR i 43 1) 2 B8 SE B 2 ' PCR 7k,
T 8 25 BTG I A% | 7 6 v P v T

i T 2R R A S R AR ERE S i i,
29 7 BARUEACAE T BT SR R R 527 Sy AR 56
% 18 TE G S ARG D 45 SR v ] S, TR LB 2 )
YR BT PR AERE O, AT 2 2 Fh sl IR B I
FITER, RN SR = B A RIE . BT SRR AE 2
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HARTFE, St Aol T & ml i sh Pk 2k
YRR SERT UG RE Bt (quantitative real-time polymerase
chain reaction, qPCR) SHCEFRIERESL, B 7EH Pk TEH:
ORI BB OSBRI — s i MR . TR R AR
SR, A& i e S5l g e .
1 MR5FEE
1.1 MR5RF

TN T o € SN2V ST TE I E SO (R N
g A R, REL. DR ATERL IKEL. AL A
.ORST . B9 wfn RNE O TR AR RPN, eIl L
POV INER- I

A/ LI DNA SR BGAF & (A9 1
FEABRAF]); PCR Sy BRI (A6 5t 4304 A U H AR e 4y
AR ED; P59 FRE A A T AR () A R H
ToK BT, | ASCAERHE A A7 B A )
1.2 UE5EE

BSA223S B F R | mg, TeZ2AIHRAUER AL
A MRAHE] 5427R ARIRE CAL(TERE Eppendorf 23 H]);
DK-420 HL BRI 22 Se i & BRAA F]); P330 %
PR 2 {3 (7% IMPLEN /> /]); CFX96 SZRf %85 PCR X (3 [
Bio-Rad 2\ #); ZB600-2S PR MAIXZE HA AL i 2554
BEHUA PR ), S3-LA166(S)ZE LU A PR 7).
1.3 LEFFE
1.3.1 # & E A DNA #IK

i P JCAZ IR Y5 Y g — Uk JT 43 BB 1.1 TR 23 Y
24 AYFECHEIUAN ALK 0.1 g BT 2 mL BLOET,
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A 500 pL Xk 5 = I B IR AL 52 (cetyltrimethy AT AR RS P 405 b (cytochrome b,
lammonium bromide, CTAB)Zf#F K Al 20 L & HE K, 7 cyth) LR R Pl 45 ) i R B IL R 731, 3£ Genbank %4
TS, 60 °CHEE 1~2 h, MAEAERE 10 min R IR, e P 2 S W Rl s BAE N L HL X R 3, i A AR e
mhot SR, RESIYIEN A DNA HRPGH S B 4 (MegAlign) #4777 41 LL X 43 BT o i FH A 40 2 3 44 (Primer
FREUHE &b DNA, 20 °CIRAFE . [l AREUBA X IR . B Premier S)X% 1.3.1 HHFrREHE RS0 b RIS |1 AR Er,

o T 5 P A A TAY TR(ER)BOARA RSN &Y IER
1.3.2 314K AH T B Ak Bl S MBI EREN RS L 1,

*1 ZBUMEERRRSKIMFT

Table 1 Gene registration numbers and primer sequences of various species

A O Hils SIS HRENFA(5°-3") P bp
F: GTACT AGCCC TAGCC TTCTC T
o MH714783.1 R: CAATA GGTCT GCTAC TAGGG C 129

P: FAM-ATTCT TGCTC TAATC CCCCT ACTAC ACACC-BHQ!
F: AGGGG TTCTA GCCCT AGTTC
KA MT182642.1 R: CTGAATGGCC GGAAC ATCAT A 96
P: FAM-CCTCA TTCTC ATGCC CCTGC TACAT ACAT-BHQI1
F: TCAGG AATCC CATCC GATAT G
o JF511458.1 R: CCGAG TTAGT AGGAG CAAGA TC 102
P: FAM-CCCAT TCCAC CCATA TTATA CAATT AAAGA C-BHQ!
F: GAGTC CTGGC TCTGG TCCTA
R AY292717.1 R: ATGGG TCGGA ATATC CTGCT A 91
P: FAM-CCTTG TTCTA GCCTT CATCC CATTC CTTCA-BHQI
F: AGTAA TCCTC CTCCT CACAC TC
b KF954727.1 R: GGTTT GTGAT AACGG TGGCC 98
P: FAM-CACCG CCTTT GTGGG CTATG TTCTC C-BHQ1
F: CTTCG CCATT CACTT CCTAC TA
e EU755252.1 R: ATTTT GTCAC AGTCT GATAC AAGA 120
P: FAM-TTTAA TCGCA GGAAT CACCC TAGTC CACTT-BHQI1
F: TACAC CGCAG ACACT TCACT C
# AY552163.1 R: GCAGA TAAAG AAGAG CGAAG CA 117
P: FAM-CATGC CGAGA CGTCC AGTAC GGATG GC-BHQ1
F: GCACT TTATC CTGCC ATTCA TCATT
i X56295.1 R: GTACA AGGAT TAGTA GGATT AGT 188
P: FAM-CGCCC TCGCA GCCGT ACATC TCCTA-BHQI
F: AACTT CGGCT CCATA GTAGG AGTA
e AB542193.1 R: CGTCT CGGCA GATAT GGAC A 124
P: FAM-CGGAG GAGAA TGCTG TTGTT GTATC GGAT GT-BHQ!1
F: GCTAG CCTCA TTATC AGTAT
U JF718884.1 R: GTGAT GAGGA TACGT GCT 82
P: FAM-TCATA TCATC AATCC TCAAC ACCCA CA-BHQI
F: CTTTA TCCTC CCATT CATCA TCA
ies EU130780.1 R: GAATT CCTGT GGGGT TGTTC 89
P: FAM-GCTCT CGCCA TAGTC CACCT GCTTT TC-BHQ1
F: CTCAT GCTAC TAGTA CTATT TACG
EES MW677369.1 R: GTACG CGAAT AGGAA GTATC AT 120
P: FAM-TGACT TACTC GGAGA CCCAG ACAAC TACAC-BHQI

W F RSP, R RS, P iRET
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(DR R B 444

VMRS PCR & 4445 R ] 25 pL (9 SO K & PCR
RS BUR R (2%) 12.5 uL, 5°%% 375551 47(10 umol/L)4% 0.5 uL,
¥REF(10 umol/L) 0.5 pL, DNA ##(1~100 ng/uL) 2 pL,
FHTCHRZE K HME 25 pLo BFHE S B 2 A P47 BB K
Fo PCRY BN FEF: 95 °C 3 min; fR4EBATH ZLM
GB/T 38164—2019 Fl BIS 201904 2540 ¢ [H Z AR ME S #b
FEREE T ik, WAE R 35 MEFR(9S5 °C 15 s, 58 °C 1 min,
W ARt .

Q)R 5 R 7tk

XTEHT DNA SEATA% oA B, 15 S AR A T4 3,
W ERR DNA WIEIEHES Ct AL LR, Bl DNA
WRFBEE: 101, 10°, 107, 1072, 107, 107 ng/uL. HEFh
TEPER Y EE L 3 k. 518 RB/T 032—2020 (£ HH 1
R BB N S B UERR B ) PSR, A5 IR PE R A AR v
RRIFNE-3.6 F]-3.1 Z], BIY BB 90%~110%.
B R AT Z PV N e R B > 0.98 . M 1Ak
. 90%~110%2Z [A1BF, 7] i 2 R Bk, FF#E S A 5 i i)
FE R

Z M GB/T 35918—2018 { Syl i b sh s kA4S
FEH S F AR Sanger T ) , IRBURFEIFETE DNA
YERFE SRR IR 1) DNA Bk, FHEEST ISR 585k PCR
AT, PP A BRI RS . R R
HArPFIEH: DNA FEBHEEXTIR, N5 B AR Fh e
(1) DNA 15N BT BE, 3GEK (ddH,0)E M4 1 X IR

()t R

P00 B AR s i 2 AE B AR LR A 2 R4 TR
A9, TR TR Y A 1.00% . 0.10%F1 0.01%FEE A,
AR BRAE S AN S 4% 0.1 g 3RIBGE 4 DNA, fE
ARG IRERR, A 1.3.3(1)HESH) PCR VAR 2560 45 8
PR AN & B ARE I TR . & Ct fE/NFSETF 30.0,
D358 X 0 PR D5 4 T RE VAR ARG, B AT A LA
HR,

1.3.4 734 R RS AT AR &

i FH TCAZ R 15 Y i — Uk 0 7 S B3k 22 i A A 45 DRk
R I A, AL ZH Y K WL L Z 535 2 4
B HE RN N TSR, RS BE . Hil %
FI R BEF IR L 101 SR A, FAHEs) . s
AN ISR, 2 /4%, Mt mEwl, il
500 1, —18 °C¥ IR iBAE .

135 MR 4R HFRL
(ORI 50
F M8 GB/T 15000.3—2023 (FRuiredh TAERN 25 3

oy FRUERESL (ARSI SRR E VAL YRR, R
FHBEHLECA: B A AL 10 ASBEYLES R, U R 4 5 1Y
10 ANFEdh; SR FHBESL A5 B RE S AT 45 W5 B 4346 T,
FEARE SR T AR 2 YR o AR A Iy % A 5 S A 7 )
ST GRS I, SRR RIS SR FH B R 2R T 22 20 Hf
ARG Cr ABSE T, RS A R, 2) A ER
BEHAT-a (6=0.05), F FFRAGRNGFE) Fald, £ F<Fa, W
TR NIRRT A 22 5, BRI,

Q@)K E

HWRTE 1. 6, 12, 18, 24, 30, 36 HIL 7 AHfA]
SONRAE (RE S R BEALIER 3 Oy RE S EA TR I, A
EERI 2 W H RS A A B T R — B, K
VRS . B S 3 RSO A TR E RS . A vk
LR R 2 5 PEAGIN  ARH A Ty 3k ol A I 45 R a6 7 7
P ST A T B IEMELAr Ct (BRI E R A I R s
FOHTRIEATVAG, 471b11<t0.05.02%5(b1), MIZRMIRERA R
E, KMEBIARENE, HMEREMN.

(3)% ke e

SEFEIRLIE (18 O NS H 44, #EHE 25 °CHI 50 °C
TR 503 RS HUURE i a1 TRLRIT B R 45 1 AE 25 °C%%
P, SrHIHE 1.7.15.30 d BFEEREGI 3 B34 s 7E 50 °C
SMEF, AIE 1. 5. 7. 15 d RIS 3 GyRES . K
W5 B A i s S R AR e A W]
13.6 H&HEMA

2% GB/T 15000.3—2023 N %, EEFZRA8HK
AREIIM LI E IR G M, ML ERE 3 HAE,
IR ST ) 7 R A A, AR SRR ST AN 3 vk, A5
s T S A A TR
14 HIEALIE

JIT AT AR 0 RS DU 25 S b A % B 1 (Bio-Rad CFX
Manager 3.0) H a2 & ST A WP 45 5 5 95 [ | 5 A 4
AAZ B A 0> (National Center for Biotechnology Information,
NCBI) F] I 5 T J& 5 L % 55 2 19 48 & T. H. (basic local
alignment search tool, BLAST)#FAT LX), #fE MJatk; R
TR L e SRS S BRAVE 9 S 36 8504 F1 FH Excel 2021 47
IR B, B MR e M58 R A IBM SPSS
Statistics 27 KA EATEAR /15

2 HRED

21 REYEMRRER
RIPPETFRARINGE 2 FIE 1. SR ER, 7E CtE/D
TEETF 30 B, ARIRIUE MR A PASIN R R Y7 LR 1
2k, Horb P s B4 B RS I R AL T IAF] 107 ng/uL,
FHots 11 FhIEE RS ARSI R AU TGk 1072 ng/ul, BERSH
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JEITIERREA DNA WREERIEOR . ATTIAEL ML N1
A RIFRAMERR, JUE RBCHIRT 0.98; TEL TR
L A DR L3I A 3 3 R I 90%~110% 2 7], R

®2 TEIRMRS REEFRSFTLER
Table 2 Sensitivity study and analysis results of components
from different origins
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. oo VERE A MRV MR VMG R
BREXTTA 107 ng/ul, AEMETHE R AG N EIR " /(ng/uL) ) #/%  /(ng/pL)
,3N 1 —2
22 HEEEMRER i 107 10 0.999 97.8 107
B A 10°~10' 0.993 98.4 1072
TR TN F XTS5 R L3R 3, SR BRI TRER KA 1073~10" 0.997 97.6 102
PRI 1Y sh P BB S X R B — TR, ELA A R R Fet 10°~10' 0.994 98.4 10
RS BRI . s SRS L 2. 4R, = 10%-10° 0999 99.9 10°
" " . é - 4~ 1 —2
T YN VO L SNTIE SN S N TR N ff S
oy iR A YA R 2k, SR H A A L TR q]:,% T0°~10" 0'999 101'1 e
ﬁ?}'; ﬁ'ﬁilF E*ﬂ‘dﬂrﬁ:ﬁiﬁﬁ*ﬁ Im%ﬁjﬁﬁ‘i EH%%EZ Ctﬁjﬁﬂ: 8 104~10" 0.998 101.1 1072
F 35.0, ZLERFVRFEIERE 518 . BREHE S0 o 104~10" 0.997 103.0 10°
TR, X DL SR R ) R R IS AT A T 55 10°~10' 0.998 100.5 107
Filids, Jr ik HE S RE O 2 2R ® 107107 0997 1052 10°
KR AR R IKA R
Ol y=-33973x+21.539 O [ y=_339x+2147 o Y= -3.4X+22.02
#°=0.9993 #=0.9964 12=0.9977
PO N R R R O I F I R I JEIC JORNCIRN
Lg/(FEARDNA JF vk ) Lg/(BHRDNA JF e ) Lg/(BADNA S5 v i)
FEA- VB [ TESTEE LR
_ | . | \ . \
8| Y=-3.1686X+22.63 O | r=-33257x+21.711 S| r=-3.1429X+22.019
r=0.9918 72=0.9994 7*=0.9979
45 35 25 -15 05 05 15 -45 35 25 -15 05 05 15 45 35 25 -15 05 05 15
Lg/(f5ARDNA B ) Lg/(FEHDNA R ) Lg/(f5ARDNA B )
@- \ Fa | \ o \
S| ¥=-3.2286X+22.024 O | y=_33371x+20.561 S| y= _32886X420.117
r*=0.9946 2=0.9995 =0.9983
45 35 25 -15 05 05 15 45 35 25 -15 05 05 15 45 35 25 -15 05 05 15
Lg/(BAHIDNA B 1k ) Lg/(BADNA BT i 4k ) Lg/(BAR DNA B vk i)
Ej- \ @ | \ @ Yhm
o) - S| ¥=-3.3057X+21.525 S| =3 +21.
= ;;%‘?;(9?99'04 ﬁ=0.99;6 r=0.9982
45 35 25 -15 05 05 15 -45 35 25 -15 05 05 15 -45 35 25 -15 05 05 15
Lg/(BiHIDNA B i) Lg/(BiARDNAJF ¥ i) Lg/(BHDNA G 1 JiF)
BT R A TR AR A I 184 il 2 T 2 V56 2R

Fig.1

Amplification curves and linear relationship of sensitivity detection for components of different origins
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Table 3 Sequencing alignment results of specificity test samples
FEah 4K U IR Hext Bl RN N IREs Hex b
b KT279760.1 Sus scrofa TR, JF318985.1 Myocastor coypus
A KU891850.1 Bos taurus KE KT279110.1 Rattus norvegicus
KA KR009128.1 Bubalus bubalis /N AP014941.1 Mus musculus
4 KX232527.1 Bos grunniens JAER KJ742649.1 Myoprocta acouchy
IES KJ789954.1 Capra hircus R KC789518.1 Rhizomys pruinosus
EiES KF677301.1 Ovis aries bl KT626623.1 Felis catus
pic) KX534431.1 Gallus gallus b1} KU253531.1 Canis lupus familiaris
i EU755252.1 Anas platyrhynchos b1 MT888755.1 Neogale vison
Elu KU211647.1 Anser cygnoides (iLEN KC811463.1 Columba livia
o JX312730.1 Equus hemionus (LE] KX712089.1 Coturnix japonica
5 KT757742.1 Equus caballus Hifh MN923203.1 Ctenopharyngodon idella
i KT626640.1 Oryctolagus cuniculus i A1 MT002870.1 Hypophthalmichthys molitrix
16 . N ;
= I =9 A ~12 KA A
S 14 S 8 N
g/ 12 X7 - 10
# 10 W 6 = 8
=g = S 2
=) KE] 4 m 6
~ 6 D3 ﬁi 4
S R 5 Y
-ypf—(. = = 2
= 2 =1 =<
e . — = 0]= S - Z ol—— S ——
0 5 10 15 20 25 30 35 0 5 10 15 20 25 30 35 0 5 10 15 20 25 30 35
TEFEL TR TEFEL
; 4 v .
29 FEARURE ~ ITEE/ ~ 8 IR
S 8 9 S 7
X7 x 3 X 6
B 6 o i
5 B2 EL:Q 451
1 3 R 3
=3 R R 5
= 1 = '
e = Jany
i ) _ *0 - ) - &= 0= B
0 5 10 15 20 25 30 35 0 5 10 15 20 25 30 35 0 5 10 15 20 25 30 35
TR TR LES
16 N . 16 .
g 14 MG YR rglO TS5 g 14 e
x 12 % 8 x 12
10 P 10
5 5 ¢ 2 s
R 6 2 4 R 6
® 4 # ® 4
7 22 =
= 2 =< m 2
* ) L : _ Z ol Y — -
0 5 10 15 20 25 30 35 0 5 10 15 20 25 30 35 0 5 10 15 20 25 30 35
TEFREL EEREL TEFREL
ey ’_\16 L3 16 S
Z1o LS Si4 L £14 Gk
X ¢ x 12 X 12
i 10 10
o6 H g B
X, X6 S 6
R X5 2
o = = 4
= 2 =< =
2 g2 z 2
0t—— = 0= — — (I ————— —
0 5 10 15 20 25 30 35 0 5 10 15 20 25 30 35 0 5 10 15 20 25 30 35
TEPEL PEFEL UEEZR

B2 SRR 0 45 e P 1 il 2

Fig.2 Specific amplification curves of different homologous components



55 14 3]

BepE, 20 12 Ml Wniivt oA 05 4 0 A 7 SR vEAE Al ) 57

23 KUHRMARER

BARME AR BRI ST A5 R LR 4. 5IRRY, TR
TEPER A TE 1.00%. 0.10% 5 AT Ct {EH44F 23.47~29.09
ZIa, B/hF 30.0, BEIFEIZ & i REae X7 4 B AR iE: AL
Ay EATIERRAGIN o DR IR i &5 SR A vk A i R R RS
[F 5 2 A B ARAS R BR R 0.1%. 1 bR SEE6 45 BT 1,
AHFFTHIEER 12 Fhsh IR B A3 AN 7 i 4 S i

FAE R, P SRR R | RS T R R Y
24 HmHSMERRDHT

FEARZESEI A PCR AR INES SR Al A, BT R bl A U
SERIIHG AR DL IRE 2y AR Cr 85 2270 Mrdhi Rt
W 5. BERERY, A BIER R F S5/ T F o, U
B N FIRE S ] BRI A SR TC P25 5%, FENL RIS 5THY

R4 TREIRMRS SRR AR LR

Table 4 Limits of detection of mixed fresh meat samples with different source components

— ST H(C D - AR P (C )
H R H R
1.00% 0.10% 0.01% 1.00% 0.10% 0.01%
¥ 24.80 28.04 31.15 7 25.24 28.26 31.80
R 25.22 28.57 31.79 i} 23.47 26.63 30.00
K4 25.47 28.60 32.15 5 23.74 26.80 30.44
eSS 25.38 28.51 31.30 X 25.33 28.45 31.54
IIES 24.70 27.76 31.12 2] 24.39 27.53 31.07
EES 26.05 29.09 32.64 o 23.55 27.41 31.07
#=5 EHRBSMERRIFER
Table 5 Analysis results of the homogeneity study of standard samples
B bR Ap 2R Nl ¥1or F B bR A2 A ¥r F
2 8] 2.87582 0.31954 ZH [H] 5.67071 0.63008
S 1.10 X 1.51
1N 2.90760 0.29076 HH 4.18355 0.41836
N 2 7] 3.30349 0.36705 4[] 6.51638 0.72404
[ 1.19 T 1.42
N 3.08285 0.30829 HN 5.11560 0.51156
4 1m] 3.63520 0.40391 ) 41 1] 6.86156  0.76240
KA 1.11 £ 1.44
1N 3.62630 0.36263 HH 5.28850 0.52885
) 4 [a] 5.52648 0.61405 4[] 6.08656 0.67628
IIES 1.28 e 1.38
AN 4.80610 0.48061 N 4.89590 0.48959
X ZH A 6.75592 0.75066 ZH A 11.94754  1.32750
EiES 1.16 =7 1.53
1N 6.46430 0.64643 AN 8.67600 0.86760
4 7] 4.33043 0.48116 e ] 5.97297 0.66366
W 1.10 o 1.91
N 436135 0.43614 HN 3.47165 0.34717

W B AHE 9, HNBEHER 10; Fusly 3.02; BIEHEEN 95%,

25 HEREMMRERST
251 KB THARER

FIFAT RE b B ARG T 25 5 Ct (B3 TE 24.00~26.00 2], 14
/NTF 30, BIRINNZE S AR H A R TR ) o R4 2R Ce
R EL LR T 5 a8, g E 6. 45
RRE, BEMGELE 36 A H BRI &5 R RER b, 1B/ F
t0.05,n-2)%S(b1), SR SUANCLE RRESE iy =~ UM | 2 = B
P, BIZE 36 AN F B [l AR e Pk R 3T .
252 HEMBTHFLER

SRR ZE 5 Ce {7 24.00~26.00 Z 1], ¥/NF

Fo6 EHRKAREERESESINER
Table 6 Analysis of variance results for long-term stability test of
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Table 7 Analysis of variance results for short-term stability test of reference material
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Table 8 Participating value-assignment laboratories and
summary of results

ioall] Ctfi itall] itail] Ct{ itall]
i H FHE 4R T H EHE 4R
R 24.47 T X% 25.05 ot
R 24.65 ki 5 25.15 ki

K4 24.80 o 4 25.23 o
iIES 25.05 G i 7 24.90 Gt
EES 24.83 K I 25.49 Kt
b4 24.96 K o 25.00 K

3 & i

ES ORI abe S AT AN SN G SN £ P S
FLMELXG ML RGP B R 12 R RS
Wi e S S IR A DN vk, AR 1 et U T, R
FWIFNE ey SERVENEERR, HASEETE, 12 > HARY)
PR IR B S, SR HAR A (e E . 385E)
IRICAE SN, St RLAF PRl Ry S5k 553820 BRAT 9
PRUETTIEA L, AT L AR R ATIA 0.1%; A i () 46 4
F2 h N, HICRHRUPIR, BER T3 305 Y MR, lif 25
PrASH X R . RV S R ESR . RIS RCERTR 1
AR PP IR i, S MERRSENEY RGF, nl@ Tk
NN el ugEarn e on UIDYSenwil Ll e PNAEZ =

SN, ABESAAE A TR R, 5 2R St
FERMMUASCIE R . 5, WIFhst SR A e g e s
], AUPERE T, 4 L O HET 2R Y S 2

bR SR BB, RNARE . SR IE R R LR e
1 245 5 ELA X0 2 R (0 SR SO U A, ik
JUE Ay TRAE R VR S S5 TR B T R A A
PERE, (EE R X ARt N T T 2 5 A A R R (9 A v
o TR SR N L 2 S e B o B 1A A 2 ) AR T
RE L, ATyt — A TEAl, XA ) R B R 2
Bl i . IJn, AR S el i e Rk — 2 00
WE. AHFIE H A7 [l — LB = BB T e al, w75 PR S5
FEEPFEIRE, UREZKLAEANFERSE . ARALFA
[l 45 55 25 1F T 384 TR

25 TR, AHIRGT HE ST 0y 1 SRR HERE N A A
T 8 A B S R T T SR AR AR S P L R PR R
BRTHE, MRS T IR, dedrmii ks A ORI 2 4 A 1AL
A B AR S AR SO T R HGE
TR A, R BN R E . AR BLY) THRME
BYSEH T H

SE

[1] 9. TR A 2R PR . BB RAREYA TR 2023 RAA
BB 1 T RS BRI AIND. T 2541, 2023-09-06 (2).
Ju Wen. Eradicate illegal activities such as excessive veterinary drug
residues in meat products and adulteration: typical cases from the 2023
“iron fist” campaign in people’s livelihood areas (sixth batch) announced
[N]. China Consumer Journal, 2023-09-06 (2).

[2] XU ek ih A ep B BAERER AR R .. KSR U

By 51 # JF E M ? [EB/OL]. (2025-10-14) [2026-07-08].
https://www.news.cn/politics/20251014/86a05980870f4d729f123614ad00
a81f/c.html.
Liu Shuo. How procuratorial technology helps uncover the truth: lamb
skewer adulteration in BBQ restaurants and illegal facial information
collection by real estate companies [EB/OL]. (2025-10-14) [2026-07-08].
https://www.news.cn/politics/20251014/86a05980870f4d729f123614
ad00a81f/c.html.

[3] EU Agri-Food Fraud Network. January 2025 report on EU agri-food fraud
suspicions [R/OL]. European Commission, 2025: p.4. [2026-07-08].
https://food.ec.europa.eu/food-safety/acn/ffn-monthly en.



55 14 3]

BepE, 20 12 Ml Wniivt oA 05 4 0 A 7 SR vEAE Al ) 59

[4]

[51

(6]

[71

[8]

[91

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

EU Agri-Food Fraud Network. November 2025 report on EU agri-food
fraud suspicions [R/OL]. European Commission, 2025: p.4. [2026-07-08].
https://food.ec.europa.eu/food-safety/acn/ffn-monthly_en.

Everstine K D, Chin H B, Lopes F A, et al. Database of food fraud records:

summary of data from 1980 to 2022 [J]. Journal of Food Protection, 2024,
87(3): 100227.

Tibola C S, Da Silva S A, Dossa A A, et al. Economically motivated food
fraud and adulteration in brazil: incidents and alternatives to minimize
occurrence [J]. Journal of Food Science, 2018, 83(8): 2028-2038.

XU, EIARRAR. P SRR A SRR R[], B4
RN AEA, 2024, 15(19): 102-110.

Liu Rui, Bai Liweiwei. Research progress on identification of
animal-derived components in meat products [J]. Journal of Food Safety &
Quality, 2024, 15(19): 102-110.

Usman I, San A, Afzaal M, et al. Advances and challenges in conventional
and modern techniques for halal food authentication: a review [J]. Food
Science & Nutrition, 2024, 12(3): 1430-1443.

Daher Z, Mohamadin M, Rama A, et al. Meat adulteration in the MENA
and GCC regions: a scoping review of risks, detection technologies, and
regulatory challenges [J]. Foods, 2025, 14(21): 3743.

Zia Q, Alawami M, Mokhtar N F K, et al. Current analytical methods for
porcine identification in meat and meat products [J]. Food Chemistry,
2020, 324: 126664.

FRAS B, SZARE, XIGESC, 4F. R IR AL
N EraERE, 2024, 45(23): 23297-23310.
Chen Menggqi, Peng Miaoxi, Liu Jingwen, et al. Application of targeted

HORTEE 2 AN

proteomics technology in food safety detection [J]. Food Science, 2024,
45(23): 23297-23310.

FRAMERT. R USBARAE B B AN o i R IR SRR D], B
4R, 2025(3): 144-147.

Chen Yanyu. Review on the application of hyperspectral imaging
technology in food adulteration detection [J]. Journal of Food Safety
Guide, 2025(3): 144-147.

MR, MRIBEK. JTLLAMEREBARAE B S RAGIN e foy o7 T
e AT, 2024(28): 141-143, 148.

Lin Yong, Lin Xiaobing. Application of near-infrared spectroscopy in
food adulteration detection [J]. Journal of Food Safety Guide, 2024(28):
141-143, 148.

FEALL, WS, S ER, A5, P IR SR B AR B S ik
B A B AN A, 2025, 16(16): 157-165.

Cheng Yuehong, Shi Jingshuang, Gao Xifeng, et al. Research progress on

POl

JEJRE[T].

detection technology of meat product-derived components [J]. Journal of
Food Safety & Quality, 2025, 16(16): 157-165.

EARAN, A, TE2, A5 NMR 7E R i it BRI o (6 T R ). B
RN, 2023, 39(5): 354-366.

Mao Shucan, Hao Meng, Wang Lan, et al. Application progress of NMR
in quality detection of meat products [J]. Modern Food Science and
Technology, 2023, 39(5): 354-366.

Shi Shijie, Zhang Kaidi, Tian Nina, et al. Spectroscopic techniques

combined with chemometrics for rapid detection of food adulteration:

applications, perspectives, and challenges [J]. Food Research International,

2025,211: 116459.
Nehal N, Choudhary B, Nagpure A, et al. DNA barcoding: a modern age
tool for detection of adulteration in food [J]. Critical Reviews in

Biotechnology, 2021, 41(5): 767-791.

(18]

[19]

[20]

[21]

[22]

(23]

[24]

[26]

[27]

[28]

[29]

[30]

Li Jiapeng, Wei Yixuan, Li Jinchun, et al. A novel duplex SYBR Green
real-time PCR with melting curve analysis method for beef adulteration
detection [J]. Food Chemistry, 2021, 338: 127932.

Tan L L, Ahmed S A, Ng S K, et al. Rapid detection of porcine DNA in
processed food samples using a streamlined DNA extraction method
combined with the SYBR Green real-time PCR assay [J]. Food Chemistry,
2020, 309: 125654.

INE, e, SRORERL, 55 POl o Z UM R AR I AR A T
NRFFE]. BT, 2025, 19(25): 190-192.

Sun Xue, Li Xiaomeng, Zhang Yawei, et al. Types and application
research of precision detection technologies for multi-source components
in meat products [J]. Journal of Food Safety Guide, 2025, 19(25):
190-192.

Adenuga B M, Biltes R, Villa C, et al. A novel normalized quantitative
real-time PCR approach for ensuring roe deer (Capreolus capreolus) meat
authenticity in game meat foods [J]. Foods, 2024, 13(23): 3728.

Yang Yiyuan, Wang Jingnan, Sun Yajuan, et al. Simple and rapid
identification of beef within 30 min using a new food nucleic acid release
agent combined with direct-fast qPCR [J]. Food Chemistry, 2024,
460(Part 1): 140473.

Yadav S S, Tariqr R, Padhy P K, et al. A multiplex DNA probe-based
method for simultaneous identification of adulteration in meat samples [J].
Food Chemistry: Molecular Sciences, 2024, 8: 100200.

UL, PR, Tk, SF. R R R SIEMERMGII R
TSRS 0TI, B, 2023, 29(5): 136-139.

Su Miaozhen, Yang Danting, Ding Qinglong, et al. Results and analysis of
proficiency testing for the detection of bovine, ovine, porcine, and equine
derived components in food [J]. Modern Food, 2023, 29(5): 136-139.
Maphaisa T C, Akinmoladun O F, Adelusi O A, et al. Advances in
mycotoxin detection techniques and the crucial role of reference material
in ensuring food safety. A review [J]. Food and Chemical Toxicology: An
International Journal Published for the British Industrial Biological
Research Association, 2025, 200: 115387.

P . R AR ) BT A HEA TR B ) vz B 0], 3
2019, 46(5): 73-75.

Min Jie. Discussion on the basic uses and wide applications of reference
materials [J]. Metrology & Measurement Technique, 2019, 46(5): 73-75.
Wang Xia, Bae Y K, Hong S R, et al. Development and interlaboratory

LR,

validation of a linearized plasmid DNA certified reference material by
single molecule direct counting and digital PCR [J]. Talanta, 2026, 297(Pt
B): 128762.

ERET, TR, REE, 5 SCIERMEREY T
R[], BHECSER, 2023, 21(12): 17-23.

Wang Xingyu, Xing Yuanying, Xu Xiangfu, et al. Optimization of

W LA R Pk

preparation process and performance evaluation of camel-derived
reference material [J]. Science & Technology Information, 2023, 21(12):
17-23.

0, UL, AT, & FIRMEERA DNA PRI 2k
YIBRBERE, 2024, 14(1): 125-132.

Ji Yi, Wang Kaili, Yu Huiru, et al. Development of sheep-derived
genomic DNA reference material [J]. Current Biotechnology, 2024, 14(1):
125-132.

Griffiths K R, McLaughlin J L H, Hall F, et al. Development of seven new
dPCR animal species assays and a reference material to support
quantitative ratio measurements of food and feed products [J]. Foods,
2023, 12(20): 3839.

(FTHE% 4 hesr RKufE)



