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ABSTRACT: With growing public concern over food safety and quality, the detection of duck blood and its products
has emerged as an important area of research. Prized for their distinctive flavor and nutritional value, duck blood and its
products have gained widespread popularity. However, surging market demand has been accompanied by increasingly
rampant adulteration, posing serious risks to consumer health and legitimate rights. Current detection technologies for

duck blood continue to evolve and primarily encompass chemical, physical and biological methods. Nevertheless,
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existing approaches still suffer from shortcomings such as inadequate sensitivity, long analysis times and high costs. To

safeguard the quality and safety of duck blood and its products, there is an urgent need to refine established detection

methods and to develop new ones. The aim of this paper was to provide a comprehensive review of the state of research

on adulteration detection in duck blood and its products, with an emphasis on the strengths and weaknesses of available

techniques, prevailing technical bottlenecks and future research directions. By synthesizing relevant studied from recent

years and comparing the practical performance and limitations of various methods for identifying adulteration in duck

blood and its products, we put forward suggestions for improving current detection approaches. This work is intended to

serve as a reference for advancing safety research and applications concerning duck blood and its products and to

promote further development of safety testing in this field.
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Fig.1 Major technologies in the field of adulteration detection for duck blood and its products
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Table 1 Comparison of common methods for identifying and analyzing adulteration in duck blood and its products
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Fig.2 Authenticity detection of duck blood and its products and future prediction of development directions

qPCR HEARSEA R R M . TCF B HL Dk 432 RV e] S
RiRR S A ALY, B A A A I A% 0 - BEL
AT AR T NDCIREN (A TaqMan #:41) 59 6 G4kt
(A SYBR Green 1), A4tk B AR 51 558 1 FH B2
Iz ST, DL qPCRCREBIERENE) MO I H AR R
ELANA GB/T 38164—2019, 1 A L il &b s R 5oy %
FEMIFRIE T . KIEEWFFEUESE, qPCR 7] L2y 1o FH 115 1.
Tl SRR . BRI S T T qPCR A AR AT ]
For DS M A . R L ARSI R T . IO IR
11 DNA JEBURFE AT LE 4 h Y SERAe I, HA 50 it
Rt Z2EMEECYIE ] qPCR HARXT 28 4y T B2 I FE &y
Sy IEEATRG . G Y REIEMESOE PCR YR, 25K
PR iy i 5t 48 A A Sl ) 1 A LA R, B R
K 67.9%, FEB AT RS I | F 100 ASE 1L o X100 A5 25162
3] e 25 <Y A ) N [ 3 2 U L L1 1S RN TR T NS SR
SRS W E PERT I vk, X ST T B RS IR
o & BUHG i B B AR IR, JUHIE F B B 58
O AR REUE ATIE 1%, %8 b, qPCR HiAR R ¥
L RESESR, RS A AU I i S 52 2 1 B
B, AT SR AT R R SRR

mPCR Al £ — R AR R I A Z XRS5 14, 6
38 2 AR F A1, DASEELZ SRR ] A A IO 55
PCR #H, mPCR HAT i ft . FRAEMIAE . APk | &
FHYGEE A e ZE R A 43 % Hh, mPCR AJ JEF AR
ST SN AR S DNA BRI 5 X 4y, BAE
FACHIF ST v R B KA AR 25 I BE 11194, Gao ZFPILT
i EE b SEE(Cytb)yiT51Y, FEE TR i i & b ol )
ARG K oAb R WAB R G . F L A XM L E
PCR R FR, FEXRNARRSMNAT T ifl . Z5RIEHZ
TR RS . EEM MR, B gl
T PR M T Il S4B mPCR ik, R AR

3h WSERUJLTHANFE RGN, HuERR e, SCRMtRE, F
SRR L Cyth BTG 14, Hisr Tl S W K 4
i BRI GE I . 2600 . 4R 1 ARSI )mPCR K2 .
SER R, A R ¥ Ak 1 ng/ul, HE WL T
e, EREME R 5K 3SR TaqMan ¥4 Z 8 qPCR
HA, HFLRK 16S tDNA FLE 5 584F, oy
TORTRIAG IR MG TR A ) R AR ik, R
B 0.10%, Aillgh a5 [ 5bniE— B L R B o . 25
b, mPCR A AR AT 280 A v S5 0 i ] & o 22 3 4
B

BRIETF PCR MyJriksb, HhorF YR 4 5h
YIS S AR T BB A T . DU R ) A
FEH AN RS I, R B0 A A AR AT [ 5 T AR 2R A S B
ZHAMEIRRIE TR, HAE R . A SRR,
o, RO R AR R R g —Fh, o] 7 B
YL HR ]RGN H - 2 TR BRI AY, ARG ]
HEMEERILER, & T 2R PR TRAT . 4 ieer IR
FHRTRAC R0 R B A 3 | 4 L W55 13 Fhah P IRk i o4
EFAE RN — R B b, BT T — AR i ] rp A R
WIS B, TR R R 0.1%. BRILZ M, DNA
FIUALH AR ST CRISPR AYPRE I 7 i th 7 1% 45
BT EZE/EM, DNA £IBM5E 1 43 Hrbr i 5L R R B (4
Mz o FALEETIE D)7 5 A8 S S By Fh % 5, 3
LA i) S5 OVR % AR S T — o ot ) v B ] s
oz 7 Fh SR BB R EE N I, %07 DNAY 4
A 100%, KRB ZA 5%, LAMP-CRISPR U
I PG IR AL T HRA%, Tao UV T —FMIT AL
7% ) LAMP-CRISPR/Cas12a @G 73k, 78 K2 40 min
PEEAT ASE I DNA $RICEN 25 5 B AN 72, K
FRATLIGAF] 1.0 pg/ul, HATFEIMNDR, B4 T2
TR A7y PR i 5 (i o MAOKR B, SIS A DNA A TERDIE



284 B il 2 A iR A I A 4

17 %

FFERmEE @ E , 28R, LAMP-CRISPR R4t
PN F I PR SN, LR RS HAS S, 3L
Sl G A B S S e SR T BRI B R

T DNA 195 A= YA B A 5 SIS afn B2 H il
FlOR IR B B ) ) S AR 2 — o BB BE, PCR R HAY
MR R IS S . PCR R LERSI A HEFR DNA B
e S U2 qPCR HE— 92 B T X H AR B 1 2
AT, BEFE TR AR R N SE A, S A R
AT mPCR RELE S — [N R Z vp [l 4 &2
ANEERIEIN, K IE B RCR A A R R R &
WY, W BB RS AR T B . BB Aok
JEAR A 3 B2 AR Sl AT AR S B — AN R B Sek, ATaE
BRI AR A Sk . maEaE AR, HA I R
S B T A B PR AL S5 60 B3 I MG 25 2R, 3 A B Dk i
A8, I T X REAR AT A S AL R, AT TR
HOEDI AR, NI B AR TS RAS al
DU P AR A2 e, LRG0 28 53 4 T oy, o8 L g i A 0 45
WA RN Y 45, L PCR AL, 2oy T4
YRR B AT, A ) AT W T R R S R
JE, AL R S R L A A S R O AT B T
Ak, thfk DNA BT . #SrARfEe s 8 e, ik
BARGERS A shik, T i — 25 B B AR AR OR BES I i
LM TR

3 4RI

MR EEEZEN, WSS ESh YR
AP AE L BRI C RO A S P A A T
MR IZAE L A, A il R 2 5 BN ]
Wbl a5y, A AN BRI, X kRO S5 T AR
MEREBIC . RIS R . 8RR I 75, — BRI
SRR . T, A S I H A b B (BUGN Jr vk
BAMS o B HOR 0 R AR AR, (HARA
BORT A =g, Airabh BEAP SR A 2% XORER, 3043 5) 32 BN
TR B T AR PR 5 NIR | 978 55 1 AR A5y 2
PREE, Joh S 2% Ak B, R A il Ak B G B
RELUR T B bR A, SR S NE R R L A,
B3z FWH R R, FrserEAsg, MRMEA LXK g ok
FART AP M URFIRSE A AR BOARAR I PR L
A EAREAE A, HEEESTREAF AL,
s e AR AR S i R . MBI, LI PCR J2 0
RHEBAR MBI TN )7, ] DNA ¥fhke s
PR . PEREVEAX B . R AR, TR
FUE 38 TR 2 )R B A A, i R S I
il it IR IR TR o AEZEARAE BRI b A7 A

EZPRA, IR T AT REE Y DNA B AR L2 R
(U/NTF 0.1%) 2 S Rker . B ZRFEAXELIER I E /. B dh
USRS RE B 2 AR T B SRR T A A, kst
AL A 1 AR R AG I 4 ZE T, A SCR G
HUT N AMB RO S L a3 B E AR LS R IR,
RIS, . B SR BRI S

4 B E

2 S TG 1, Bz FL ) i 22 B N, AT AR A [ 1
S R GRS A ] 2RI A, DASEEE 3 AR,
B, g MU T R IE A i, Rl SR B 4 Sk i
qPCR =k R BT REREAR; B B R B i A i) 3
FHERVERE | FEIT ) St 27y 1 CATRERBE Sy WL SR v X551
&), AR SR, TUITT A NIR S TGS IR AR
BEE AR T HAR AW E A 5 22 ARl se ey, R R
R . P AR RERIIA R, B2
FRGIN R 5 B IRV &, G EdRR G ST
sALFIBNRE Sy, FTSCBURS i S ) 5 4 4% o e W p s e T
&, WeshBlF, MR, TR S R R

FEF XTI WIS AR, A ST R S5 48 T i
Tl ity 2B ARSI 5 A 1 g SEU B R 3 (DR R PR L 2205
IR DNA SRS R R IR 5 1Y) S HREH B %, X
W2 E— 2 BT FLAEG i B I it T P 6 v o FH 4 56
71 ()T 2 A BT/ PCR SEH AR THIC L]
BRI . Ty, M K R Hh 2 T ) 25 S i Tk DA X A
BB BEMED . (3) ik LB 32 W 1 SRR,
LRSI AL AR 4 AL L A Sh k58 e A & SRR Ly
XA A FF /N T 4R Ak 1 R G T 3 £, BF A A A
CRISPR S5 5L R g BB AR 1 5 i S M 7] PCR B AR 11 5 R A
FEARGE A R ms, ARG EIE FH 00 30 2R 1) I A Pk 4
TR E o (4)58 3 Bl I I T ot A DG i i 4 TS T (L
FEEFAFS) . BTG GRS E e EE, %5
PERR T BB A RIS I AR AR A LU X . T ERCR
WERRPEZ AN, AT LS B WaAs I TR 7 KR T . i
SRR, A IR Z 2R, TR
SERE L R PR S af ) T A I AR AR BRI R

SE

[1] Li Xiaoman, Zang Mingwu, Li Dan, et al. Meat food fraud risk in Chinese
markets 2012-2021 [J]. npj Science of Food, 2023, 7: 12.

[2] BhAER, B RS i RGBT /N ek PR 5K R RS A [N].
[E 28 754f, 2021-05-03 (DO3).
Zhong Chuhan, Jiang Zheng. The “fake duck blood” scandal resurfaces,
and problems keep emerging as Xiaolongkan expands rapidly [N]. China
Business, 2021-05-03 (D03).

[3] R, T A BRI =R A SR R ). L b,



%18 # 5 5 Kt

S5 g R 1) i 2 (BRI 5 AT

285

[4]

(3]

(6]

[71

(8]

[9]

[10]

[11]

[12]

[13]

[14]

2021(17): 44-45.

Wei Yu. The General Administration of Market Supervision exposed three
typical cases in the food field [J]. China Food Industry, 2021(17): 44-45.
BRI TS A A 2 2 A (). B A S
£4,2012,(6):25.

The Beijing News. Fake duck blood incident: Old brands should value
their reputation even more [J].China Brand and Anti-counterfeiting,
2012(3): 25.

sk, EUE, R, 5 9 MRS MR A SRS ANE A RS
FEAMT[I]. VLIRS, 2021, 49(5): 150-158.

Zhang Yingying, Wang Hongyang, Tu Weilong, et al. Analysis of amino
acid composition and protein nutrition in nine kinds of animal blood
samples [J]. Jiangsu Agricultural Sciences, 2021, 49(5): 150-158.

FARIE. 08 1 S T2 B BT BRI SR [D]. Fe s rE Ak
WR2E, 2012, 1.

Chen Fei. Study on process optimization of duck blood tofu and quality
improvement [D]. Nanjing: Nanjing Agricultural University, 2012, 1.

o IR TP 1] OB FR S IR T. P AR AR ) RV 6
RS — W R[], AR, 2019, 41(5): 426.

Institute of Nutrition and Health, Chinese Center for Disease Control and
Prevention. The first and second volumes of the sixth edition of China
Food Composition Table were published [J]. Acta Nutrimenta Sinica,
2019, 41(5): 426.

Gao Lijun, Du Bingyang, Ma Qiuhe, et al. Multiplex-PCR method
application to identify duck blood and its adulterated varieties [J]. Food
Chemistry, 2024, 444: 138673.

Chal Y, Kim Y J, Kim T K, et al. Drying methods of duck blood: changes
in volatile components and physicochemical properties [J]. Poultry
Science, 2025, 104(1): 104561.

T, FIEH, BONR, 5. SRS M BRI R )]
Bl Tikﬂ}i, 2021, 42(7): 76-82.

Wang Xin, Wang Daoying, Xu Weimin, et al. Study on the gel properties
and taste of 3 kinds of poultry blood tofu [J]. Science and Technology of
Food Industry, 2021, 42(7): 76-82.

WHEER, PRI, £, %, TagMan $RE -SSR ARHE AR
G 2 DA 4 RS R A3 B HAR O 5 e [0, £ 48 A B A T~ 4R,
2025, 16(18): 274-281.

Xie Haitao, Chen Xi, Jin Jing, et al. Determination of duck derived
components and relative content in mutton rolls by TaqMan
probe-real-time fluorescent polymerase chain reaction technique [J].
Journal of Food Safety & Quality, 2025, 16(18): 274-281.

FocE, RELA, 7, 4 KEmm LB ERMFZE PCR kM
AL N ). B ARk, 2022, 47(12): 307-312.

Yu Wenying, Chi Kaiyue, Xu Ning, et al. Establishment and application of
multiple PCR methods for identifying duck blood and adulterated breeds
[J]. Food Science and Technology, 2022, 47(12): 307-312.

Pressman P, Clemens R, Hayes W, et al. Food additive safety: a review of
toxicologic and regulatory issues [J].
Application, 2017, 1: 2397847317723572.
HHER, BUER, TRERE. OO s 18 i o i o
[7]. & fhRlaE, 2014, 35(12): 204-207.

Toxicology Research and

Gan Ninglan, Yan Chunrong, Xu Chunxiang. Determination of

formaldehyde in duck blood products by high performance liquid

[15]

[16]

[17]

[19]

[22]

[23]

[24]

[25]

[26]

chromatography [J]. Food Science, 2014, 35(12): 204-207.

AFRE, Pz, Tk, S5 JRH b bel X E S i ™ i A T PCR AR
RAZE R HT0]. Tih 242 T T, 2025(9): 105-108.

Fu Qun, Pang Xing, Ding Wei, et al. Analysis of PCR based detection
results for commercially available duck blood products in Suzhou
industrial park [J]. Food Safety Guide Magazine, 2025(9): 105-108.

Xu Xinrong, Zhong Jingjun, Su Yingying, et al. A brief review on
mass/optical spectrometry for imaging analysis of biological samples [J].
Applied Spectroscopy Reviews, 2019, 54(1): 57-85.
Quintanilla-Casas B, Torres-Cobos B, Bro R, et al. The volatile
metabolome: gas chromatography—mass spectrometry approaches in the
context of food fraud [J]. Current Opinion in Food Science, 2025, 61:
101235.

SRR, KA, MEREE, 4. LT CRISPR/Cas HiARM ISR T
T[T, PIZEBIFSE, 2026, 40(7): 73-80.

Guo Runze, Zhang Ying, Yang Ruiqin, et al. Advances in meat

adulteration detection based on CRISPR/cas technology [J]. Meat
Research, 2026, 40(7): 73-80.
Ry, XU, RJF, . E R ) S R [1/0L).

it 5 & B Tolk, 2025-11-27. https:/doi.org/10.13995/j.cnki.11-1802/
t5.044392.

Li Jianxun, Liu Caixia, Wu Shankai, et al. Research progress on quality
identification of China liquor [J/OL].
2025-11-27. https://doi.org/10.13995/j.cnki.11-1802/ts.044392.
BRAKAR, TEGERT, Edk. B R o BN SR O
W RHE, 2015, 36(23): 95-98.

Geng Yongran, Wang Jianming, Lu Fei. Selection of sensory quality

China Industrial Economics,

CE R RNy EE

evaluation indexs of duck blood tofu [J]. Science and Technology of Food
Industry, 2015, 36(23): 95-98.
WER, IV, WHEZR, S5 FTRLARE . JIUR SRR MRk
PERFE IR, EnRHE, 2018, 39(5): 26-32.
Yang Xuesong, Sun Yangying, Pan Daodong, et al. Effect of combination
of gum Arabic and guar gum on duck blood gel properties [J]. Food
Science, 2018, 39(5): 26-32.
INLHE, XISOR, XIE, 55 i B E TN I EARTB S T
[ & TR, 2023, 44(24): 359-366.
Sun Jiangyan, Liu Yifeng, Liu Lei, et al. Analysis on the technical means
and application status of food sensory evaluation [J]. Science and
Technology of Food Industry, 2023, 44(24): 359-366.
XU, BISCH, Thi, AE. T RBORAE R P R A P AT R
F FHFEER[T]. A E AR (R 3E30), 2021, 3(4): 29-41.
Liu Yang, Jia Wenshen, Ma Jie, et al. Research progress and application
prospect of electronic nose technology in the detection of meat and meat
products [J]. Smart Agriculture, 2021, 3(4): 29-41.

e, KT L B A 0 1 3 PR AN (D). BTN WL R,
2014, 4-9.
Tian Xiaojing. Lamb quality inspection based on electronic nose and
electronic tongue [D]. Hangzhou: Zhejiang University, 2014, 4-9.
Chen C W. Review of a current role of mass spectrometry for proteome
research [J]. Analytica Chimica Acta, 2008, 624(1): 16-36.
Nuiiez N, Lucci P, Nuilez O. Mass spectrometry in food analysis:
principles and applications [M]. Singapore: World Scientific Publishing,
2024, 5-8.



286 B 2 4 AR I 27 4 171 %
[27] Fang Guihua, Goh J Y, Tay M, et al. Characterization of oils and fats by components based on the principles of nucleic acid amplification [D].

[28]

[29]

[30]

[33]

[35]

[36]

[38]

[39]

[40]

IH NMR and GC/MS fingerprinting: classification, prediction and
detection of adulteration [J]. Food Chemistry, 2013, 138(2-3): 1461-1469.
Fokig, R, WO, SF WOMTERE-m 0 PETTSHRTE £ i B R %
FIFFFE N AT, &R ERE, 2021, 42(7): 301-310.

Wang Bingfeng, Xu Lei, Xu Zhenzhen, et al. Recent progress in the
application of liquid chromatography-high resolution mass spectrometry in
the identification of food adulteration: a review [J]. Food Science, 2021,
42(7): 301-310.

Montowska M, Fornal E. Absolute quantification of targeted meat and
allergenic protein additive peptide markers in meat products [J]. Food
Chemistry, 2019, 274: 857-864.

Luciuk A, Paszkowska E, Sumara A, et al. New approaches towards fish
authentication: pollock and Hake differentiation by liquid chromatography
high resolution mass spectrometry [J]. Food Control, 2025, 171: 111085.
Hifner L, Kalkhof S, Jira W. Authentication of nine poultry species using
high-performance liquid chromatography—tandem mass spectrometry [J].
Food Control, 2021, 122: 107803.

FF, 8, SR, S JET IR CATH R A BB A
L)t AR ML), £ 5 KTl 2026, 52(9): 350-358.

Wang Jun, Guo Xin, Huang Junjie, et al. Quantitative identification of
adulterated pig blood in duck blood products based on quadrupole
Food and

time-of-flight mass

Fermentation Industries, 2026, 52(9): 350-358.

high-resolution spectrometry  [J].
Song Lili, Xu Jiaquan, Chingin K, et al. Rapid identification of meat

species by the internal extractive electrospray ionization mass
spectrometry of hemoglobin selectively captured on functionalized
graphene oxide [J]. Journal of Agricultural and Food Chemistry, 2017,
65(32): 7006-7011.

Zhang Yingying, Wang Shouwei, Ma Yanhong, et al. Identification and
absolute quantification of animal blood products by peptide markers using
an UPLC-MS/MS method [J]. European Food Research and Technology,
2020, 246(3): 581-589.

RS B P B AR SASI RE SL[]. AR AR RESA T, 2020, 30(2):
111-112.

Zhang Hao. Source of and its detection significance formaldehyde in food
[J]. Journal of Inspection and Quarantine, 2020, 30(2): 111-112.

Angel T E, Aryal U K, Hengel S M, et al. Mass spectrometry-based
proteomics:

Society Reviews, 2012, 41(10): 3912.

existing capabilities and future directions [J]. Chemical

Ahamed Z, Seo J K, Eom J U, et al. Optimization of volatile compound

extraction on cooked meat using HS-SPME-GC-MS, and evaluation of

diagnosis to meat species using volatile compound by multivariate data

analysis [J]. LWT, 2023, 188: 115374.

Baeten V, Dardenne P. Spectroscopy: developments in instrumentation

and analysis [J]. Grasas y Aceites, 2002, 53(1): 45-63.

Zareef M, Chen Quansheng, Hassan M M, et al. An overview on the

applications of typical non-linear algorithms coupled with NIR

spectroscopy in food analysis [J]. Food Engineering Reviews, 2020, 12(2):

173-190.

ZRITHE. BT IR UL A U R s S E FSE (D). AT
IR, 2021, 2-4.

Qin Panzhu. Research on the rapid identification of common meat derived

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

Hefei: Hefei University of Technology, 2021, 2-4.

Wang Wenxiu, Peng Yankun, Sun Hongwei, et al. Spectral detection
techniques for non-destructively monitoring the quality, safety, and
classification of fresh red meat [J]. Food Analytical Methods, 2018, 11(10):
2707-2730.

Zhang Linna, Zhang Shengzhao, Sun Meixiu, et al. Blood species
identification using Near-Infrared diffuse transmitted spectra and PLS-DA
method [J]. Infrared Physics & Technology, 2016, 76: 587-591.

Dong Jialin, Hong Mingjian, Xu Yi, et al. A practical convolutional neural
network model for discriminating Raman spectra of human and animal
blood [J]. Journal of Chemometrics, 2019, 33(11): e3184.

Han Fangkai, Ming Li, Aheto J H, et al. Authentication of duck blood tofu
binary and ternary adulterated with cow and pig blood-based gel using
Fourier transform near-infrared coupled with fast chemometrics [J].
Frontiers in Nutrition, 2022, 9: 935099.

Sandran D D, Zakaria Y, Md Muslim N Z, et al. Species determination
and  discrimination  of  animal blood: a  multi-analytical
spectroscopic-chemometrics approach in forensic science [J]. Malaysian
Journal of Medicine and Health Sciences, 2024, 20: 142-145.

X, BRI, BSGH, 45, S8 i EORTE G AT RIS £
i Toll, 2020, 41(4): 267-271.

Liu Chen, Chen Fusheng, Xia Yimiao, et al. Analysis in food using Raman
spectroscopy [J]. The Food Industry, 2020, 41(4): 267-271.

ST, EE, AU RS OEREHORTE B S BB R R R[], £
Tolk, 2025, 46(5): 321-326.

Wu Yue, Cao Lei, He Shan. Applications of Raman spectroscopy in food
adulteration detection [J]. The Food Industry, 2025, 46(5): 321-326.

Wang Hongpeng, Fang Peipei, Yan Xinru, et al. Study on the Raman
spectral characteristics of dynamic and static blood and its application in
species identification [J]. Journal of Photochemistry and Photobiology B:
Biology, 2022, 232: 112478.

Bian Haiyi, Wang Xiaoyan, Yu Yinshan, et al. The identification of blood
species using the correlation coefficient of sub-spectra based on Raman
spectroscopy [J]. Optik, 2020, 200: 163312.

Ait-Kaddour A, Jacquot S, Micol D, et al. Discrimination of beef muscle
based on visible-near infrared multi-spectral features: textural and spectral
analysis [J]. 2017, 20(6):
1391-1403.

ERE, ETA, LW, & HTOEEMBIGREOR K A 20 BOLHH
MHFFTHE ). &S & B Tk, 2026, 52(11): 404-415.

Wang Dachen, Wang Zijie, Jiang Yushan, et al. Recent advances in

International Journal of Food Properties,

nondestructive detection of meat quality based on spectroscopy and
imaging techniques [J]. Food and Fermentation Industries, 2026, 52(11):
404-415.

O’Reilly F J, Rappsilber J. Cross-linking mass spectrometry: methods and
applications in structural, molecular and systems biology [J]. Nature
Structural & Molecular Biology, 2018, 25(11): 1000-1008.

Li Yuncheng, Liu Shuyan, Meng Fanbing, et al. Comparative review and
the recent progress in detection technologies of meat product adulteration
[J]. Comprehensive Reviews in Food Science and Food Safety, 2020,
19(4): 2256-2296.

Samad Hosseini S, Jebelli A, Vandghanooni S, et al. Perspectives and



%18 3 T Fit, S L e I A it B (BRI AR 7 287
trends in advanced DNA biosensors for the recognition of single S I ¢ s TR M RN DU Ty vk N S . BT,

[55]

[56]

[57]

[58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]

[66]

nucleotide polymorphisms [J]. Chemical Engineering Journal, 2022, 441:
135988.

Kumar A, Kumar R R, Sharma B D, et al. Identification of species origin
of meat and meat products on the DNA basis: a review [J]. Critical
Reviews in Food Science and Nutrition, 2015, 55(10): 1340—1351.
FINZL, Brlh, s2kFs, S AT A SORBT TR ], Bl T
Mk, 2026, 47(3): 252-255.

Qin Lihong, Chen Yi, Peng Yongxiu, et al. Research progress on detection
techniques for adulteration in meat products [J]. The Food Industry, 2026,
47(3): 252-255.

Ak, ke, E AL, S5 R AHR B R PG AR Tk
JRIT]. B dhad A A I~ 2026, 17(3): 279-288.

Yang Ruoxin, Zhang Duoduo, Pu Bazhaxi, et al. Research progress of

rapid detection technologies for adulteration of meat and meat products [J].

Journal of Food Safety & Quality, 2026, 17(3): 279-288.
Sentandreu M A, Sentandreu E. Authenticity of meat products: tools
against fraud [J]. Food Research International, 2014, 60: 19-29.
Sakai Y, Kotoura S, Yano T, et al. Quantification of pork, chicken and
beef by using a novel reference molecule [J]. Bioscience, Biotechnology,
and Biochemistry, 2011, 75(9): 1639-1643.
FRARL. SEmFEE5E PCR ASINTS i P A s IRYE I []. £ 22 A A
W2#4, 2019, 10(11): 3339-3342.
Chen Guo. Detection of animal-derived ingredients in duck blood curd by
real-time PCR [J]. Journal of Food Safety & Quality, 2019, 10(11):
3339-3342.
ARk, TRAEMS, Tk SIHFEESE PCR ARSI i il & R4 (0]
Ardh Tl 2022, 43(1): 293-295.
Li Meitao, Zhang Chunpeng, Wang Bo. Identification of animal derived
materials in duck blood products by real-time PCR [J]. The Food Industry,
2022, 43(1): 293-295.
XA, XUF, E—L, 55 SEEOE PCR ARG il 5 o HoAb sl
PREHERSMT]. B FHE, 2024, 49(8): 342-348.
Deng Yingchun, Liu Ying, Wang Yifan, et al. Qualitative detection
methods of animal derived ingredients in duck blood by real-time
fluorescence PCR [J]. Food Science and Technology, 2024, 49(8):
342-348.
AL FIBIL s, SF A EORAE B ARSI o 1 R
o 2 Tl 2026(7): 95-99.
Wang Youkai, Gao Tengqi, Yang Jixiang, et al. The Application of
Biotechnology in Food Inspection and Testing [J]. China Food Industry,
2026(7): 95-99.
Iwobi A, Sebah D, Kraemer I, et al. A multiplex real-time PCR method for
the quantification of beef and pork fractions in minced meat [J]. Food
Chemistry, 2015, 169: 305-313.

B Wy, JAIE, JE8, S IR ST . fii DNA R L
PCR %JIBF5E[J]. B TR, 2012, 33(16): 228-231, 256.
Lv Erpan, Zhou Zheng, Zhou Wei, et al. DNA extraction and multiple
PCR distinction research of animal food duck blood and pig blood [J].
Science and Technology of Food Industry, 2012, 33(16): 228-231, 256.
TKRMSE, EHte, S, S5 MOk m P . XY, MR 2 E

[67]

[69]

[70]

[72]

[73]

[74]

[75]

[76]

2026, 40(3): 62-68.

Zhang Congdang, Wang Junhua, Wu Haijing, et al. Development and
application of a multiplex real-time fluorescence quantitative polymerase
chain reaction method for detecting porcine-, chicken-and duck-derived
components in duck blood curd [J]. Meat Research, 2026, 40(3): 62—68.
S8, a"/l\?fﬁu ARNFE, 45, BRSO A AU B K s AL b
FAWFFEHEIRT]. B D AHE, 2024, 45(5): 426-437.

‘Wu Peng, Sun Yahe, Zhu Xuli, et al. Research progress on rapid detection
technology and standardized application of foodborne pathogens [J].
Science and Technology of Food Industry, 2024, 45(5): 426-437.

GWELr, AR, TULRE. O R A IUE AR N 55 T R G i i
BT, & Tk, 2023, 44(9): 153-156.

Jin Xiaohong, Jin Ping, Ding Hongliu. Utilizing membrane chip technique
for the detection of adulteration in Suzhou’s duck blood products [J]. The
Food Industry, 2023, 44(9): 153-156.

R, SKEE, XIfE, 4. DNA SIBRSHE AR IR S5
BN FT]. AR E A TAREARAR, 2025, 45(4): 78-92.

Xia Haotian, Zhang Jie, Liu Qian, et al. Advances in DNA barcoding

Yol

technology for species identification and product authentication [J]. China
Biotechnology, 2025, 45(4): 78-92.

Jihd, S, TLHF, 5. DNA SIMHARLE B ] s 24 4 4 5
SR B S PR, 2023, 39(5): 4348, 138.

Li Jiong, Wu Qiong, Jiang Hai, et al. Application of DNA barcoding
technology in the identification of adulterated ingredients of edible blood
products [J]. Food & Machinery, 2023, 39(5): 43-48, 138.

Tao Dagang, Xiao Xiao, Lan Xiaochen, et al. An inexpensive
CRISPR-based point-of-care test for the identification of meat species and
meat products [J]. Genes, 2022, 13(5): 912.

Chen Xiaoyun, Ji Yi, Li Kai, et al. Development of a duck genomic
reference material by digital PCR platforms for the detection of meat
adulteration [J]. Foods, 2021, 10(8): 1890.

Yu Chengzhuang, Dai Shijie, Zhang Ziqi, et al. An integrated digital
polymerase chain reaction chip for multiplexed meat adulteration
detection [J]. Electrophoresis, 2023, 44(17-18): 1342-1352.

Kang T S, Tanaka T. Comparison of quantitative methods based on SYBR
Green real-time qPCR to estimate pork meat adulteration in processed
beef products [J]. Food Chemistry, 2018, 269: 549-558.

Wang Yanshuang, Yuan Guangxin, Zhang Li, et al. Establishment of a
multiplex-PCR detection method and development of a detection kit for
five animal-derived components in edible meat [J]. Arabian Journal of
Chemistry, 2023, 16(4): 104593.

T, MM, R, S BT ORI AR A ) i
TRASIN Y EL R ) SR I B A 0], R 4G 4 R, 2023(33): 58-62,
67.

Ding Qinglong, Yang Danting, Xie Aihua, et al. Determination of
animal-derived ingredients in meat products by non-targeted screening

method based on metagenomic sequencing technology [J]. China Food

Safety Magazine, 2023(33): 58-62, 67.

(FrAEH 4 G R Sl



