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ABSTRACT: Owing to the high protein content, low fat levels, and rich amino acid profile of Bos grunniens meat,
market demand has been steadily increasing. Due tohigh breeding costs, low production yields, and widespread
adulteration practices have hindered the industrial development of Bos grunniens meat. Analysis technologies have
played a crucial role in ensuring the safety of the supply of Bos grunniens meat products. This paper reviewed the
analytical techniques applied to Bos grunniens meat assessment over the past 20 years, namely chromatography, mass
spectrometry (MS), biological and spectroscopic techniques. In particular, chromatography, MS and their coupled
techniques had proven effective in characterizing the composition and structure of Bos grunniens meat. Biological
techniques, notably polymerase chain reaction (PCR) technology, DNA sequencing (DNA-seq), and related methods,
were applicable to species identification and genetic analysis. Furthermore, immunoassay (IA) demonstrate high
sensitivity in monitoring veterinary drug residues, whileloop-mediated isothermal amplification (LAMP) could be
employed for adulterant detection. Spectroscopic techniques exhibited outstanding performance in compositional
analysis, freshness evaluation and geographical origin tracing. The integration of chemometrics with spectroscopic
techniques showed great promise forrapid analysis and accurate identification of Bos grunniens meat components,
driving the evolution of Bos grunniens analysis toward eco-friendly, non-invasive and automated paradigms. It
provides comprehensive technical references and theoretical support for quality improvement, market supervision,
scientific research, and the sustainable development of the Bos grunniens industry.

KEY WORDS: Bos grunniens meat; chromatographic analysis; mass spectrometry analysis; biological techniques;
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spectroscopic analysis

0 51 &

FEAR A LA ARSI & o SR SRR AR,
PLRBESE TR, AR AN 520G, Sk a5 o
SR, AR T PIZSAHEL, A PAFHOCII 3T S B2 5%
B, FEA R R EIG IS 2 R . AT, R4
TR AR S . BRI . TR AR RAR, BRI T AR Y
BERAE, FEMTSIEIA T, 4 WIB R . DIR TSI ) R
B &, TPEANEL T AT, RS TRl A fa
K. B, SRS R AP BORAEREE R B FARAEAE
A, MELAHE & SR R o ARG RELE A i iR,
WURE PR AT R BRI AT, FEAE RSB R BR M . B
WARIEN R AT, 5 Z PR & MR ZE TR, LBt
K. B, R TR R AR A PR, Tovk AT
S BRIEA R 1 52 2R

Wil R )R R R, B AT B AR % 8 0 A A
PO AT 400 . AE AR R O Y, G Il Bk X
(polymerase chain reaction, PCR)F; AR . DNA il 5= R(DNA
sequencing, DNA-seq). I/ REFIRY 147 A (loop-mediated
isothermal amplification, LAMP) . 4 % 4 #r & KR
(immunoassay, IA)TEFEA YR E . BERAHT . BRI
SR REERELEH . EOERPTHEARSE, AikHA .
JEi AR (mass spectrometry, MS). JGRER AL R %
W AR AT, o, S (gas chromatography,
GOF ARG F e 5 H A4 sh itk & s i g Wiie &
wmER . BB A A IE R (high performance liquid
chromatography, HPLC)EFEAR PRIEE [T . ZAAERR . AR

HELE RGE TR oAb ALY MS BEIE RS TRk &
Yy 10 53 5 e O HE D0 25 R 5 2 AOAR 3 - B3 R (gas
chromatography-mass spectrometry, GC-MS) 175 AH {11 - 5t
J&+; R (liquid chromatography-mass spectrometry, LC-MS),
A T g B RE T 5 MS BRI GE T, AIRHEAR N 2%
AT . HERHL DT, [RIET, SEREBOR BLEA Pk |
TR, IEAERME G AREA WA, WEttERA
(fluorescence spectroscopy, FS) . Fii & J6 % # R (Raman
spectroscopy, Raman) . i Y61 % £ K (hyperspectral imaging,
HSI), ¥T£04MEiEH A (near infrared spectroscopy, NIR), 1X
ST RORTERE A PR B3 3BT T 6 AR b S5 31 45 THT R
BT —EMR, B BR T T4 RS HT EE s, AR
M, S AR S 55 | ISR ES ™ EH | TR 55 ),
B TR AR BRI T 8 M 2 B AT BTHEBE R TR I 55
F, AR EAE A R R ks s el R T A SR,
W R IGIT 2002 4 RDISREEAR /AT A A5G SCEK,
ARG SCCHR 73 R ESCCHR 31 5, AT 104 5, BEIT
ARV H AR R 3 Hr Sk iy SCHRER B, A 2 i .
o, R PCR HARMIBIFE 2, HUCE MS. NIR., FS 45
SMEREERA P THE WM. #— Xt
2002—2025 HEHA R Y SCERAY 204 B 947G, R
WIS T2 2R AR T A5 93HT(38%) . FEINAGIN (20%) . I
SEHEAGIN (18%) . 773 I (13%) . BIBAEHN(5%)IX 5 AT,
didiE TR SR 94% o —EARTTIX EE 30T H A T &
JRTIFERT LUK IR, 453 W in 2SR e T8, A OGSk g
A7 B B RGN A G SCRR B ZE PR I, i
ARSI R, IR SCRR B AR X R A s B R
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Fig.1 Classification of Bos grunniens meat analysis technology
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FIHI, BIARIZEER R ZH0 B —HRLERE A
PLHRETT, Sz RGP, ASCRGHIN (35, MS
EIE-MS R MR | G HOR DL R A E e A
BORTEREA A M B AT 25 G IR, FEXTRARAL AT

A SN TR RETEFE A T R A BEA T R B2, e
BRI BRI . AT L R ARSCR AR AR
27, et aE baEdl EREAL TR T AR

1 ETeEMmpuEnrEFnah

1.1 iR

GC 1 HPLC ZHE4F W orHrad B v i & A ) (i 4
Ao GC # TR PAGIR & iy bl o7, giiorE el
KA GC X FGRFELE IURIIR AR EA T H Bk, 5 M JE
WA PR T LA o 25 SRR E FE AR WU AR I R i Fn A i
B BT IGET A IR LIS GC Rk INAES- P
PR TR, DTS B X /e 4 TR - LAl S R 4R R A
Hi,

HPLC FTHEAFNE AN . R . 4k R E RN
AT FER PRI AT RS, R AR S [ A R
(IR 22 AT B . FEEERR I TR, i TR
GILTRA GGG 555, AT E RIS, R TH

BKAE A2 B T3 . TR MR, HPLC #288
AR To0 8 . AL E R aprh, 5 e ARl 4t
RN, Hrokis kgt 20 AR EISHR, IEF
P o FHIEA ISR, RN EMVE A T4 3
1.2 ETFTRIEM SRR

MS B3 HERIE MS 2R B TR AR 2 —, BRILZ
AN, MS ZASERA T ARSI H I B AR Sl 4L B 227
YRR RO AT L AR D, Bl B RO AR R/ R AT IR BT S

(matrix-assisted laser desorption/ionization time of flight to
time of fight, MALDI-TOF/TOF) ] L4 % & I 25 R KA 1 &
FIB. fln, 7E4E4F M Kl ferp, RS 5N R F MK
(3R B R Ik AT RE 2 R A AR AL, A 2R 1 BT A A
A LA Bk S A, TR AT AR AE 2R LA A KRR &
5L

SCH 450 S92 (direct analysis in real time-mass
spectrometry, DART-MS)/& JC 77 & kL Sl Ak Bl st A SE P XAE
ot A BB DR AT 1) MS Y, AT L e ] P TR T
FEAF A R 2 1SRN B8 B R AR X 5 1 555 R TR,
XFE A P s BN VTR o o WA — R T 2 A R
HAERRI 30T 7 2P,

B A A 4 B F K R 3 #5 (inductively  coupled
plasma-mass spectrometry, ICP-MS)®] X4E4 A H iy 2 i)™
PIotR, W Fe. Se. Zn SFWIBHATE . AR 71l i A5E
PR 2R 22 S AF AT R AUUR 5 e AN[R], ICP-MS 3 HrHE
POCRFFIEIR SURTE, 4567 oo R 80l =M Zoose it oy
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B, AT SR A PR b A v B T A 4 51

2 7€ [F) 7 25 Fb {E 5T 3% % (stable isotope ratio mass
spectrometry, IRMS)I5E AN [l 7 HL A FE A P S 24 M PRI it
(3 KSR R R R AL P27 T Ok o [7] o7 2%
FEAC AT T 5 9k e AR AR PO AR e M R 28 I Py o
Mo, SIRRIREMERN R 5T YT RIS EIEH A
ARAE A A R IR A 0. IRMS it
FRINE A= PRAE S o RS, 28 AR LR, 55 AN TR] = Hb 4 PR 1)
B R LET b, g IR R S A SRR A A 1Y
PR B A A SR A R A ECI
1.3 BiE-FuksoR

EBIG-MS FARMKAIEHAR IR B ERE S MS i
PR BE T RIS & o AN 2 i, EE-MS FOR(E 45
mT . MS BEAFR R, SO2H TaE-MS £
A TR 43 T LA R i rp A [ B A3 1A T 4, b
TR AT AR TP AT RE R IR IR 2, MS TR~ B
A RIRAE ) MS 58, Z&4E, SRRt
B FEA W AEAER SR 5y, WEERT. Beli . 2R
A2 TP R R, FLH 5 B AR AT-MS
AR AN R 4 9 5 A A 43 43 b RE A5 R B S AR T .
GC-MS 1 Xof A [ KU S8 43 4220, k] A4 4 1A
RRTE B0 S ER AR ST, FF R R4 R T3 7% rh ik 3 X
DRARIURYE . EME A AR R PR R sy Z2 Bk . BRI
R4 Le-MS HAT S I f 4. HPLC ATARY-E5 K
PRI « 43T R/NERE S EF T 4389, MS AR T W
HHerf o TR ZE; Rk, v R LC-MS il & FE 48
PR AR [ ol 25 F) i 0 2 5 i 45 2 A % 22 K A e 47 & g 1321,
VIMSETFAN R4 B E SR E A b PRt . A4 A
WP, AR T MS BT AR K& A RE-MS HAR

FANS, AR AR 1 R o FE H T B8R e PRI,
ZARKRIE 7 AT 7 My 227 R A PR A R HLA AR
FHER IR,

2 ETEMEAREESASH

AR NG F RS SE 210, e AR BT AL . B
PR LEAAIEN T S X EEAEYHOAR TN PCR
A, LAMP. DNA-seq. 1A, BERSUREEVIANEF IR
WS, 2GR AT A TERRTE, o R SR 2
PRALT 2RI A
2.1 PCR#FEAR

PCR HOARGEA AR | AT | FRSrEsm it s, Ene
GRS TZ N o BEERHOR R, — R A B A W B,
TEXEA PGP 7 TR R T B A o AR 4 5 PRGN
J7T], GIRISH 4542 [l PCR HARGE ST 43T, Xt k-
A NS AT R SR AR ALK 12S rRNA
SERRIFIISY, R 2SRk . CHEN 4504
VIHETEORAK 128 rRNA FER 5 i SOn - BRI B
£ J& £ & % (polymerase chain reaction-restriction fragment
length polymorphism, PCR-RFLP) 7 Jr ik, REMERGEEE 5 Fl
FEWE, W TR TR, I BRI
R TAAEBEING: . QIAN Wy g £ & PCR Jrik, #f
—WHERIBSERIK A B FIREA A, O AR 1R DI,
Pl T AEAS TR FIAGI N (8] o SRTT, BN — R T A= 4
ARETHV R AR, FLX SRR A AR R A, T
[i6R - A% 1zt 1 WY 1 A 2 SV R FN &
HLNHOEER PCR Jrik, REMSIRIAEAINE A KA FIFE
Gy, AT SR T AT REROR S

®1 ATR4ASHHEE. MS REBKARAILL

Table 1 Comparison of chromatography, MS and their coupling techniques for Bos grunniens meat analysis

HARZH HAAEAR SIATEY W= B,
o EVEIIRCR 2 | OIS
GC REITR & 5 A VA &N T )
) MEARERST
@igHAR -
EER, AR, BITER. giER . o )
HPLC RPER . PR PRAE . A HT AR A 2
BRI T
MALDI-TOF/TOF FRFIRNEA R Ol T E I E R SRR R
T MS DART-MS B R SBRIFSSRAXT S O AR AN, A e MEHERIME . BT TPtk
\ SLEUR IOV R Y T i<t S o - o .
SRR IRMS ‘ ] P Heae o . WRRERIGIE AT BRI R A B
e s s R A TR L PR
ICP-MS WZE T IC 3 e SE ™ M WEER . SRS FERATALFREOR T . dED AR
Sy BTSRRI R = A 1 o o AR R AR R AL A8
GC-MS ‘ RIPER . HIMRER
) KRR 47 B AT RE S A B
- MS HoAR
0 5E P 2F A R R o A N ] o
LC-MS ‘ PR . S BT IR I
L YUR RIS
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TESEHB 5T 5 T, b R PCR BRI ve
R OTEHEN ACTAL JEIN, FFARBISEI D E i PCR HR
RrllZ SRS S SRR O L. B . W i
JWE . FPIEAIZLAR 8 MhEHZUh iRIBTE DL, IR AR %Ak
DITEAEZF LD & & P AR s S R R TR
B S B AA W% 20V (reverse  transcription-polymerase chain
reaction, RT-PCR) Jy i 7 FEHES- CSRP3 FE[H CDS X, Ffiiid
SEHEEE it PCR FOARKG M2 IAEAE A A [ 4 2L P gk
I, BT R R A PR S5 A 5 T i (R SC SR K AR
RT-PCR J5IAAE Fe R RE DRy 0>V g, ASs do i 5
FEARG) 250 | G55 B 22 19 1R, SEf5¢ ' E B PCR
ARSI R AD T 58 BT L, HIPEREE 1A
JEAS S B

FERA IR, #ERT Rt R PCR BRI 7Y
JBA4E 4= A H G = 7 BE B R K A AT 1 (shiga  toxin-producing
Escherichia coli, STEC)#EATRIIN . %2 ML H 4347, ABhF
WA T OB TEEOR LR XU, Sy AR FE A h STEC
AR5 GetR B P it AR

25 E P, PCR BR KA AEBOARTERE A A 2B Hh 473 18
BRI E, WNIFEE . BRI, I f =R B
FE WEEYIIT. PCR HOR K HATT A HOR HAT PR (i |
Ryl . R RIS, HNHRNE, HATEsARmZ
H PCR, SLHF2EE T PCR HAR A S 2 B 43 R 2Bl sk
FEHERE & . ORI, IZREOR BTN FOREA AL B R B0 L &
ot KA 5 By LA K by 52 A TSR IR, o BELAS HEAE
o Iz IR . BT PCR HOARSFELBIHT 1 Pk
W EAKIRI, Horp LAMP SEA5 Hom R 038, MAEA N
I TAETEA T A& J1, Ak 1o RSS2,
2.2 LAMP

7E PCR HACNFEA: AT S0E RERR Y S RER, 20 [H
VRS % | B RS (] R REL A HLlE— A0 e R R T, T
PCR HA Y PR S 5E T VA5 N IS GsiGES T BB R
LAMP 1ERH il BRI HOR, 1205 BT
fE4E PCR BRI BERE, A F TSI 357 rhfe
IR HHG, $ AT B IR E N E . AR
FOBR WA, TEFE P ASHAZE, A,
WA, TUERE TN AR, WL Tty . A
BT — R, ARZWFFEEO T IR AT SE AR I s o H
i, LAMP {EAEF A BRIy T B B R )

ZHAO 1SR FHISR A 5 4RI - 50 M2 ) B R
(loop-mediated isothermal amplification method coupled with
hydroxy naphthol blue, LAMP-HNB)% & 44 W TE B 1R
YoJs, FEXPREA TR HEA R S A S AR P W A B,
LAMP-HNB X464 J5 ) DNA FR6 I 5 0% 5535 1 pg/ul,
AE A8 A RS2 B HE A R B e . 5 PCR AR L,
LAMP {E#AEESENE: | B2 # BRI AAS 5Bl 1 HR%R
e, 9R%M T PCR BORRYER R H LAMP 7EAGINE Jht:

AR, T RE S PRIREAR ST TP S0 € ) T DRI o AT
LAMP JHEF YRR S8 FIB A $R 4t T —Firss i AIRAR
AIFRTTE, 5 PCREAIER T IRFAE AR
2.3 DNA-seq

DNA-seq 1R EEMRHTHER RS REAE S5 R A0
TB, 1EM/R A% 2251 5 TR A T IR A5 D B ST AS T A
GEMMERE I . TEMHR G ZBME SR BOC R T, R
BRI TIRARR . FEEASECF 92 skpu)Il4E4: SLC2746
FEFIEAT DNA HHF, 756 4 WETF &3S 4> SNPs i
o GMFEERHT, 08 T 45 2N S 1 LR RS54
FERTR, AT ESUR TG T o T8 X AN [ JL PR A A
FERIZH G 5 RSB PRAR A 0T, &3 5 A~ SNPs o &
H1H2 AR5 AR RS2 05 pHas min FZEESURMIRIG
Oy PR Re M AL . PRSI DNA
TUFFEERSI 93 SLPUNIAELE PRSS2 FER MG 22 254, 1Ei%
FEE PR 6 A SNPs {5, #4585  ZEE SR
pH 28R 5L BT MR AEOE, HAH4 . HI1H3 . H2H3 Fil HI1H1 Bfg
UL A TR R IR AR P @ FRK I RO i B B A 2
Bo BT DNA-seq #0102 skPU)I4E4: 4COTI2
N Z A, £ ACOTI2 FENANEF 1 &I 3 4~ SNPs
fr A, FHi E1-603T>A. E1-675C>G A3 W15 pHus mins
1 FIESERNTE 3 EP O

XLEHFFE R H DNA-seq XFHEZA: PIARSCSE T 7404,
HEZASEH R LBLT SNPs {5, BAH T4 2 05 A2k
P RU RS S PATR, 0T T 5 R S IR A DG, o
e T 5 S TG e bR iC R O A AL, R
FEA A LR L SBAE TR LS LR DA S STAR S T H It T
FE S 5 PCR #AF LAMP A, DNA-seq 7E3RBGE %
R RRBE RN B HAT TC AT LA, RERE RAEA A3
TRt IR IR B . BRI SR . (Hs B aiAs . &
BB E L B SR 00 A5, BRI T AN .
24 1A

TA TEFEA PAAG I ST, o224 24 5k B AG Iy 1o %),
R < N B S L VA e SO 0151 22 s e RS N
(time-resolved fluorescence immunochromatography, TRFIA)
IR ZEH, EReABATIAEA A PR . PR 2
PURRZRS | MRS | SR 2 U SR 25k i .

TRFIA, VEN A D4R T-B, ZEFEA A
Bk HSCHA S ] TREIA Kl 5 A Y rP i
FGWERA o SR BN, T IRRINEELE R R 2
ERIRIET 2 ng/kg, FEARINEIBCRTE 90%~115%, P
BRBULT 10% ., S EBREURT 13%, SAEHENE R
FEAEIRAT AR 100% . 164k 554652 ] TRFIA BiFi Z FhiE
- 2R B MR R L R BAR S IE R RS R A
R, BEA R R R | DUBREE, R
METZS | SR 2 IR AE 25k B . X SERIF 5T ST 1) TRFIA
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o 0 A TR B 2 BRI T vk, AMUAT A S A R h 2
FiEa 25 5% 61, IR BE Ay 0157 3% 2 3k e v 25 20 1 S 224 fof P 1
A F, SRR A R 2 4 HoA E A SE BRI
il

5 PCR # A& .LAMP L) 2 DNA-seq i & M A,
1A RETIEF NSRS, NEEaMEsTs T
A= A HT B AR FR o AR B BRI S A 2y
TRTFR) ) AL, L ARETAIF ST A R AN TR 2R T S G 5% o

3 ETHIENRFADH

TEREE T, W AAEIEHORA S Raman  HIS |
NIR, XEEFARZHITHEA K BRIT . ST Bl |
AT R 7 R IR A S, AN ) 23 B AR X
Fensk 2 R, ik, ARSI G5 0l B EOR
XHEAE AT T

#2 ATERSASHHRESRE SR AL
Table 2 Comparison of different spectral analysis techniques
used for Bos grunniens meat analysis

G A o o
WERRTRTE L. SERRRET
FS %\mM&%Hﬁg%igigﬁ‘ﬁ,m%ﬁﬁﬁﬁ%ﬁ

ERY iRz
T ARG, XHFEAR

S Al e, e . -
Raman é%ﬂgﬁ;l g f iﬁgﬁ T FORE, RBUE B E Y,
T AT B
SEFEA AT, Shoicr, o AL
LA oo e (EHBUES (INARSES
" rre SR ek
BRI Dok, o, HRE "
NS 2 T, 3 |
NR R, gy AT i
PR " FAE
HEFT7 A 2

31 FS

FS 2ETWIRAZDCIMBATRNN, ANF Y EE R 5
FHMARFE, HASCRREBAR, Etnl FskVE 4 Pt
s PR Y BUE HERE AT, FS S TR
HK Ay . RS AR F5 A BRI 00 4R A AE FS 4rbTad
BhZEZFNR W T, W AERS iRz, HIk
B 3= 40 (principal component analysis, PCA) ., fifx
/N 3k 1) (partial least squares regression, PLS), ff/]»
T I F 543 M (partial least squares-discriminant analysis,
PLS-DA) %k 2 T2 Xt D S50 (g e i 45 1100970
OZBEKOVA 2 WREHON & GBI T RERI K4 . B
JUiFNER (R o, FEDCILRE B PCA Ffb2ait a2k
A PRAAT 6T, A BRSO B . kG, i PCA
A LA T BRI AR SR TE FS RHE LA RIE DL, B
SRS TER e E R 22 e, SR A B R SRR . Pl
T3y SR B R W T AR AR R —LE 22 1, AIONAEAR

A . ISR 2R R
3.2 Raman

Raman 22 [l FHELF DUBTEERE (950, AR A S0 i 445
TEAS A, MITTA FIXHEEAR DB ff BE AP . TGt . R HERY 2%
1], Raman J&3& FOCFI4>FHR SR & B 65 )ik, ASIH)
(53 F HAT AR AR SRR, T2 A r 2 B i AR
WA, FE, oL F45H S E B
WTESEAE OB B R F 2 B, B4R I TR AR o AR
BEWG . BERE S B — R AR | bR b X ses (b
RO FIEEH 5 A A A Ak, SO A R TR AR AR 0 A T
LoD O T Y A WL L e = | e S G ANB LB U RS
HURR ARG 28 Ak T ST 2 R R 13 ) e L8
3.3 HSI

ANTRL S B2 F P E T L IR EAT AR [ Ak oy
B A3 A RRAE LA AN R G2 R PR A X3, HST RERS /R X 240
PR, i, SHrEERE A A AR AR A R A INLLT B
JULET 36 1 45 (0 Z KW AR SO RE S B 225, BN
AL LTS IRIBOTE st 2 TR, [ R
R Ko A, AR R R s S EORESS
Bk E SO EE R G A — MR R SR 5 Bk
FEoeHE, BT IR S B ef B 22 [ N S R, o] RASKFI %t
YELF Pt BE SeE T AL . 8 AR AL,

3.4 NIR

NIR A % B [l il 3% 5 2R A A TR o B4 B o 25 5+
L 22 U7 NIR S0 P BT S i 2 Rt sy, filhn
B I8 BRRRE & SR A —EEH, MK
—E RSSO R X AR [R] R SR B P R T
MRS A LM, 2 AR P PR ORI
MERAEZER, HMESSE NIR A, @i KR EE
HARFRAFEE I NIR 20, RS AYBERZE, il K
50111 RN N | N E T AR s D X B IR = s
MR FIRTAE A A 7 A R > 7.

SRMMTER AT T 55 G ER & TIREE
SRR, AT S AR (R B A T S P E A BT AR R
e R, Bk R T B ST B R Ak i it
R E BT A E R R AT, M tERE
TP T R

TERE ST )7 1, PLS-DA il PCA B FHEO0 2787,
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