e

FOOD
AMDUFE

7 Vae

e

The Food and Life has published all type articles such as research articles, review
articles, survey articles, research note, short communication or editorial since 2020.

It covers the all scientific and technological aspects of food and life science.

https://www.foodnlife.org



Food and Life (2024) 2024(3):101-112
httos.//doi.org/10.5851/1.2024. 10

Q0D

for all mankind

Review Article Open Access

1 1T ®= 1 1 s 1,2
S0, UEY, R, T2, R, YU

y IO

'AISTHEHD 2Rl 7 SISt
PAISTHEl J2IHI0| Qe St

L)

Check for
updates

A review on the technology of discriminating different types of meat

Sumin Song', Junyoung Park’, Huilin Cheng', Lixin Du', Jaehoon Baek', Gap-Don Kim'?’

!Graduate School of International Agricultural Technology, Seoul National University, Pyeongchang 25354, Korea
ZInstitutes of Green Bio Science & Technology, Seoul National University, Pyeongchang 25354, Korea

f
Abstract

and supervising institution should be established.

With the increasing meat consumption worldwide, some packers supply meat fraud deceiving the origin or shelf-life
of the meat. Initially, visual inspection was the only usable option to detect such meat fraud. However, as the need
for meat discrimination was increased, methods were developed such as using DNA or chromatography-based
technology. These technologies are diversely applied to discriminate species, breed, quality and detect frozen/thawed,
and spoilage of fresh or processed meat. Despite their advancement, the present methods have clear limits to apply
in the field; short time but low accuracy, long time but high accuracy, or short time and high accuracy but affected
by the environment. Also, those technologies need highly skilled personnel, expensive equipment, and often cause irre-
versible changes to meat. Consequently, only specific examination or analysis institutions can evaluate, and it is barely
accessible to consumers. Thus, a believable environment is the prerequisite, then, quick, precise, and non-destructive
discrimination methods for anyone, or a system to cut the supply of fraud in meat by an interaction between the field
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48 Ao FEi A5H02 2715k UrkGodfay et
al., 2018; Shahbandeh, 2023). AJ&o| A4ASIHA 11712 SA
Fol tfet lAje] Talo] b, NS HHEAY $5
71%he PxaRe 2Kl tiet BAE wol wErk(Abbas
et al., 2018). A5 ThlgEgl o} 2|4, 5718, B3
&, HEH & TRt 99ds RSt e AEe=E A
=9 93 A AAHAY FajEch(Ercolini et al., 2006; Oh
et al,, 2016). WEPA FA50] §-52 AAA 2AE oI &
Tk ofyzt ABREEO] 7o) FAA dkE vE & Slth
(Abbas et al., 2018, Ballin, 2010). 1222 8% 4 A =9]
e HSE] fIsiA olet #AHSS fe= LEfok
skt feagollA Al&stal HaehA Fgde-S wEsHA
L, F5dAE A3 dEshe ol Atk

AvAE0] 118 o ), 1719 Molt Pt 2L B
5% BA0] SEsto] ABY) ANE 9 BUE Bl
et o]t Torrico et al., 2018; Wachholz et al., 1978). 18]
U W30 Ao &gt w2 el Rt ES tHA
A G417 59 34 AX AS 9 SAES AAE 9 F
S Tty |7h HL FEth wEha] ZEHAQl e s 117
9] AAwe}t F4E Brloke 71&0] a5, FAS80] 4H|
Apo] Aghof| @ 27] Hofl A&t fa= Ast] A=
Aol THHSHA A8 & Sl 1P AlGsa st
ANE 2F 5 U= 7Ie0] 8HH

QA7 BAEAY 7 AS i Vs R 5T,
5 74, eS¢ Fufse] o] W3t Ao|thFig. 1).
Hol| ARRE= A Taed fAR 24, &l B4, 34
2 9 HlolQ olm|z] B4 7|&S 7|We & Skl QUL o5
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Fig. 1. Representative methods for discriminating the
different types and species of meat. PCR, polymerase
chain reaction; LC, liquid chromatography; RBFN, radial
basis function neural network; E-nose, electronic
nose; MALDI-TOF, matrix—assisted laser desorption
ionization—time of flight; CNN, convolutional neural
network; MS, mass spectrometry; NGS, next—generation
sequencing; E-tongue, electronic tongue; REIMS, rapid
evaporative ionization mass spectrometry; NIR, near
infrared.

i5Eo] AT 59Uk §hoo) HIgke, A48T} )5S,
AREE D ERT S R RS [ A R o

FASS WiHsl=t €842 4 AUtKGottesmann and Hamm,
1983; Kim et al., 2017; Park et al., 2021). A|27}X] T}t 4]
< Tl 7]go] /AEAY B EAZoE EF5HL, fe @
oA QR sl wEo Al&Adn A, EAHE E4,
BaAe] 7HEA Sl 71 714o] Fsjof sl A
o] EASIt). WA & AFoM = A7 A Be HAl
9 A% B 7]e0) 43 BANE AvET, o A%
oflA] Z-go] 7kt AlS W&o 91 & A%l s
Rl g

SoE
a317], A7), Ha7le Aol ol 4H[sh= £30]
- AHIRREE dEbR o2 117]19] QRFAQl 841 84, 23
T71E ol&sto] 17E wERith T2y of23h ’ve
o] 79, AH, 71eEH 59 Y= €A e, of
§ o aaw 55 Wl Ae WAV Uk
SOt SAEN YRe| HES WES A Gy
7IHE0] ASHAL et ZL2rHE 1 (Lucarini et
al., 2018), polymerase chain reaction(PCR; Hossain et al.,
2019), near infrared(NIR), enzyme-linked immunosorbent
assay(ELISA) 50| T32]Q1 7|®Ho|th(Table 1). Z2+2] W
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Egr%

< 179 gego] glom, 71& WO NS SESk=
A 7]& 7o) AlEEo] $irt

PCRZ DNAE 7|§FO 2 3t 7|&= §F Wil 7F Eol
o] &&= otk £33 1 RS E85to] tdet
E & dol=t] 8olgh Aol At 181 7k EA
g AEE 24T 5 oL, S 2 BE FoEE HEH
St wom PEARl ATE vehdth &, HiX], &, A4,
T, 183l A= PCR 7IHS &-83f 71dstA E5stke W
o] 7=l v} QQuk(Park et al., 2013). 1 g%, &, 28],
A, AHZ, 1813 ALoIAE DNAS] EZA5H= it A9
< o]&sto] £4o] 7hssiths AFAT7F AATHKoh, 2010).
SEAEE, £4] Zofl DNA &3 5% 17go] "as) £4] A
210l tha 4259, 719 ol 22 Sgo] Woln 12
15 DNA hishe: slo] 240 Heher} oAt o
o] QItiMurray et al., 2009; Sentandreu and Sentandreu, 2014).
A4 PCR 7|2 AFIRERPAA Y] AlF-37g A5t

AR CEEANE AW 9} WSS ojRE Tt
342 ek
ELISA 742 Hlg971e 883 7142A, S ol
83to] B4 552 BRsh 7uolth B4 49 A7) &
I EFE U 10% BE ol Eaelo] Qs F5L WEY &
A

3
59 Jlen 2o e 34
(Perestam et al., 2017).

LGS -89 NIR £4 WP} partial least square-
discriminant analysis(PLS-DA) 7] 7|9 &-83t x|17],
2a17], 2= garr]e] o] AE QL T HavlE o
Hot A7} E3F B 1E B} Qlti(Lopez-Maestresalas et al., 2019;
Nolasco-Perez et al., 2019; Rady and Adedeji, 2018). NIRS 0]
B3 BB EHE A ARE A7IA] g1 1A 28
2745 AT & k= Aol Sl §H, Eol/do] B35t
of At A4S PIiAles B eIet £40] BRSITHZia et
al,, 2020).

A=ntETH ] 7)¥ 7ls B3t &8t w24, GC= F
2 /3y FAof o]&F 3l high-performance liquid
chromatography(HPLC)= o] :-Ab, BrpeSHE, HIER, 183
HE dtEd} 22 242 AEstkedl 32 o]-8E K Santos
and Oliveira, 2017). A13§Lo]4] GCE o|-&3f C20:2 A|HFAE
= #Asto] HiR|17]1E gt vE QIARL ol AolEy 1L
Sole B2 Ao E g1 v} Qo] AlFer} Wb &
4 Qlti(Mahama et al., 2020; Marikkar et al.,, 2016). LC-
MS(liquid chromatography-mass spectrometry)S ©0]-83t A4
2 child 242 BN o] ZhsshH, ¥ Yot
LC-MS/MSE ©]&stH £7 Heo|=F A5t £55 +
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25 £ QItK(Chou et al., 2007; Kim et al., 2017; Sarah et
al., 2016). A8 ALEAE= LC-MS/MSE &-83}0] H, T
A, &, 8, B7] 5 U S5 WEce 52 88
£ HAARE 48 Alzto] WS Bt ofyzf, & H|-§ Egt
Eoug, Hu} W2y gloln Aget W 7|&o] RSttt
(Claydon et al., 2015; Kim et al., 2017; Li et al., 2018;
Stachniuk et al., 2021).

oA 7]&9 HHES HUstIAL ZRFH( (electronic nose,
e-nose) 714 TSI, oli= 1A AN of8alo] Tk
24 A¥shs 7golth BAT 714 358 WEsks 2
EotET# e 7|5 Zlgolu AL 719t 3 7]&e] Bl &
8 Ato] Aou, 7]1EHS LC-MSE #AJ51A] gfoH ARgo]
ofFth= AIEO] AU

EzuH
U £317] 59 Ago] MslEA sher At 43
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1So] s g,
319] wofeke A7}

OF 59 Tl et 2SS Seirt Az
ofUle}, eltel AR SF A 20% o1 AT

ojz gl U4t 237E
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gtk 1213 vl B A
/\

=
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Ir r_[.lo

7He] A ol QTS QlaL, HA] B9 FARE A
Zgolet. o]et o= 1719 FF W 71 gt 8771
Z7ketga @A orkst B4 H*‘ﬂg ol &3l £ £ W

513l QItH(Table 1).

A2 B4 7N TS 018% BF FRE S e,
2014 DNA U712 olgsjo] 399} TAHIS T vl
QJ3(Cheong et al., 2013; Nam et al., 2006), NGS 7|H<S 53]
Az thokst 204 S-S T3l B} QIcK(Cho et al., 2014;
Han et al. 2018) o} O}HE]-, Cha 5(2019)2 9719] =ix] &
B2 RAA B4 7142 ol8sio] s, HAL 22
XL&ﬂ/\ﬂ g—.g_s].oq Ozl 5 /R]—O _,46]] Ol%ﬂ_ﬁﬂ }—7 olq.
(Edwards et al., 2003). S2|1=oA= SHEAIH=A <A =
O REE ToEe] USTES IRt o St olefet
zu}E O@x]. LH X /g‘tﬁ ol E/U 5 HX]—_L} H]—r‘—g_l-q] j"‘__]_—o:]
5= TFAE PCR 7|&2 ERQIslal A83) WAch(Park et al.,
2021). Lee 5(2019)9] AT AL A2} 71291 SNP 1}
AE ol&sto] ESH= AESIIth SAEFEE7HA=
DNA B4 BAIE 53] 49} 97)9] olzimele sha Utk

2 AHO Bzl 7uto g AHo] 7155t (Juarez et al.,
2008). B2 15} x|Hpito] ZR5HY, o|& Qls) | A Akgle}
34k 8-7] sIslEo](volatile organic compounds, VOC) 37|
AISITH( Mancinelli et al., 2021). ESH AL 2o £5
o wt gEiAH o]F o]-&sto] LC-MS 7[Rto & o] HH
Ao AARHE B8 so] EES Aol RsSThLi e

al., 2022). SFEES]Z7) A10-2012-00099740]A41= GC/MSE
olgsicl A4 e nedddg Bl waE UR

£ WS 710l A0, H ol o 71 ° A%
9 98, £, 098, WUES, AAS, IR, BS EE 78
5 g goldt 4 itk FHAT HAY AL wwzg
Sof AALY PAS RS W] o] AeHrED

o] 7|&L Ed) Gx Ay o] AL o] Lo FuAlT} )\%]

AF A 1715 TES 4= rH(Jung et al., 2021). 0] 7]&E 0]
8ot e sAEE AR oA = =Wk iAo *?J
x} HAIE S5 IARoA AEsH] WEske 9ot

o] T V|&e2 _‘_,_H A oyl 24, o)zl
27k 71t olo] uhs), BgHe 2 MEo] stehy Az
7} 7VsiRA] &3l o) 7]_0}1—,} A Q1A —E%‘ﬂ(NIR)—
M) Aloto] WaskA] grom w7lEE A ke vl
THQ 7|eRH, A0 AR ExpAT uvﬂﬂg o}
o}3tcH(Downey and Hildrum, 2004). NIRE E3f F7=3} o]
I EZ£S WESIYtHdel Moral et al., 2009). 1 o]z,
HRMAS-NMR TH3)5 vjy2au- 3471382 843

7149] o}go, 49| thi} Xeutdae Bote] wazsl 7]
o HEE £ AdslgAT SAHS % £
A1E5R] 519 CHRitota et al., 2012). EHE A5 BAS
HlmEoe Agsis Aol o, W AEs} B3
et gol thzw 1o HojE] #4o] ¥ER Wsirks of
#go] 9.

g
2% Alglo] S92 7Kl uet 4SSl 37 B2
o Bt FHIE S7kep) ISich AMAHES) o] e

UX]= EAQ 24+ uh, A}, thEAo|tH(Cheng and
Sun, 2008; Maltin et al., 2003; Shahidi et al., 1986). 11.7]9] 4t
3 THHRe 2% B5 AL AR JRg wed
(Uhlifova et al., 2017; Mushi et al., 2008; Melton, 1990). 1H
ARG F1), S5, s FA7l= 8Q%00% S804 S8
st Q Ao|th(Hocquette et al., 2010).

2RSS A ARl 7H T 1EE0] AlEE 85k H
AL, o5 FFAZI7] flote] 259 4 Bt Ve &R
AR ol M= F83F AR} 5 shuolt. dRtdo R, S48
Wk FROTE pH, §4, oIF, B, ZA §2 0}
219 o] o] ¥tk 53], pHel $AL vhg: e WAL 9l
cF IV 300 300 SR, £ 410] HofA B
ok 0|2 <8 |Fely 17]9] REPR] FFE v
(Berri et al., 2019).
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450 B2 B4 A 247} 8] ue} tiek ofsfat
24 7]at BeEAo] AgHTh BEAe TEe Fuie
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Table 1. Technologies for discriminating livestock species and type of meat

Species  Sorting type

Sorting methods

Targets

References

Bovine Breed PCR Hanwoo, Holstein Nam et al. (2004)
Breed NGS Hanwoo, Holstein Han et al. (2018)
Breed SNP, NGS Hanwoo, Ankole, N'Dama, Ogaden, Boran, Cho et al. (2014)
Kenya Boran, Holstein, Jersey, Angus
Meat quality E-tongue Angus, Buffalo, Hungarian Grey, Suranyi et al. (2021)
Hungarian Spotted cattle, Hostein
Age SPR Hanwoo Jang et al. (2014)
Meat cut 2D gel electrophoresis, Hanwoo Lee et al. (2010)
MALDI-TOF MS/MS
Meat grade  NIR machine learning Hanwoo Seo et al. (2019)
(CNN)
Spoiled E-nose, ANN Beef Panigrahi et al. (2006)
Frozen REIMS Beef He et al. (2021)
Frozen Enzyme Hanwoo Han et al. (2005)
Porcine Breed SNP, PCR Iberico (bellota, cebo de campo, cebo), Cha et al. (2019)
Berkshire, Landrace, Yorkshire, Duroc,
Korean native pig, Wild pig,
Spainish pic, Jeju pig
Breed meat PCR Korean native pig x Landrace x Duroc Park et al. (2021)
quality
Frozen Enzyme - Toldra et al. (1991)
Chicken Breed SNP Korean native chicken, Broiler, laying hens Lee et al. (2019)
Spoiled MALDI-TOF MS Broiler Holl et al. (2016)
Spoiled CNN Broiler Putra and Prakasa (2020)
Frozen NIR Broiler Liu et al. (2004)
Multiple Species PCR Cattle, pig, sheep, goat, horse, deer Park et al. (2012)
Species PCR Cattle, pig, chicken, duck, sheep, Koh et al. (2010)
goat, horse, dog, turkey, goose
Species NIR Cattle, pig, chicken Nolasco-Perez et al. (2019)
Species MasSpec Pen Cattle, pig, chicken, lamb, venison, Gatmaitan et al. (2021)
cod, halibut, Atlantic salmon, sockeye
slamon, steelhead trout
Species LC-MS/MS Cattle, pig, sheep Buckley (2016)
Species LC-MS/MS Cattle, pig, chicken, duck Kim et al. (2017)
Spoiled E-nose Hanif et al. (2022)

Random forest algorithm -

PCR, polymerase chain reaction; NGS, next—-generation sequencing; SNP, single nucleotide polymorphism; E-tongue,
electronic tongue; SPR, surface plasmon resonance; MALDI-TOF, matrix—assisted laser desorption ionization-time of flight;
NIR, near infrared; CNN, convolutional neural network; E-nose, electronic nose; ANN, artificial neural network; REIMS, rapid
evaporative ionization mass spectrometry; LC, liquid chromatography; MS, mass spectrometry.
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SAAS 98l olFAMoF shH, A= tha A olw 7t
A=) wt gEiA7]

AR &2 AEAS Y 22 ARAE S0k 7e2
|59 4 EA4s Ssk=d &8o] "o whEAst
(proteomics)= ©|-&5to] THlZ Hio] QulAE AEsto] 117]
o] T4 5411 Axot &M, B, pH &S Aokl Qlot
(Di Luca et al., 2016; Gagaoua et al., 2018; Gagaoua et al.,
2021). T2} olo} 2L BY &S BA A} Bk
H|-go] @o] LAY, &4 Alzto] T3 @ol 4 Q¥ o]
lAEo] 879 SAES sk el 7ol FelHel
Aol that A3t 508 714o0] R et

4ge) B4 WA 7142 U 71 71d0] 270
ickMonin, 1998). B35} 7[5t 714 Belo] 85 U Sft
E4E ot &4 B4 950l 7MsolthAlomar et al,
2003). & 2] A3 H (near-infrared spectroscopy, NIRS)S ©]
8310] 27104 B4 SR Hela} pHE A
0 g Z=X5IA] FoFH T Prieto et al., 2008). WFHO]| Andrés
SQ008)2 B335} 7[5t 7142 ol§5to] AT1719] G4} pH
S AT 2400 B2 FE0E dEast

F2ols, 4 AR g5l 7R AR J37 AXE
283} 7|&0] 2=k AR (E-nose)= FESHY $2HS
skl SHIAS Fo WAS g5k 88 B 717]
2, 24 A Ado] A7) Ae5u BES vmzlgos B
Xo] 7Fs3lth(Jia et al., 2018; Loutfi et al., 2015). AR
(E-tonguey’= A5} Ml 2t AAE ol gslo] B4
BAok= 71€R, 559 & F5H(WAL, HER, 71 3
A2, F71] dEA, ZAERNOIA pH, +EZAE, & o
Fe =2 HL R d=3H(Suranyi et al., 2021).

WA 72 AN BT V1S ANS BT 7IEE S
2 umR o g BATKse ARk ast A4 S o
A5k, A Al 7]E0] o] 8E= thAAISE &2 A FAE 2

AFAL A et di2rF B ash B4 Al QRS0
FE Eo] ®ot FoJ7F Fasitt

lo

of T

0%
n

g I diss TE
2718 WEA 7] ol SRS Qg AHo] 4717 Ho
ol Q8] 2A9) MR s TEvh gk Fe A
Be 57 S, 92, 52 A2l det GehatkMartino and
Zaritzky, 1988). =217 5451 2 g Aol A7l v
of wi=A] 5As He dedHso] 17 2] Atk
(Behnke et al., 1973; Martino et al., 1998; Sanz et al., 1999).
4 249 7= AW = o] Fret Aol Uk
Y& 2 HA 719 WEet HAV|E B WSk
W Al A% chE sk} 27 dojdthMartino e .

1998; Molina-Garcia et al., 2004; Zhu et al., 2004). O]+= 41!
719X = FAAl 24 o7t S7Kecka HarE B QL
oA LE AL gelH Hf Iti(Martino and Zaritzky, 1988).

YFET JofsS2 WiHols F8 /e BAREAY0]
o} ¥ o2 uEZC oo 24 5l= B-hydroxyacyl-CoA-
dehydrogenase method HADH)S Z7J5]= Hl*Ho| QItH Gottesmann
and Hamm, 1983). 17|15 5Z4-3j53F 49 nEZT oo}
4] = Qs aAE FHR shA|uL nEEE o}
= 7|5 ohd A9ole AR S, G4 ARTe] A
ol whet 171 We] Tl o 84 Qle) e Wt 1
27] fiZo] EAEAY Qo 525 Wl 7|&o] a5t

AR Qg nlil= nEEE (o} Qo Tl ity 9l
doll dF= 1A wolea=dl A FHE JdFE ¢
(Jeong et al., 2011; Wagner and Afion, 1985). S48 njo] Q=
E2H19] Aeof o5 ¥aketh NIR 2 NMR2 F-3-24H 0]
AdFo YHSI Y52 Widsk=t] ol&st= 7= At
£o] 7Fssitt. §a]E 4T, 0T, -3C, -12C, -18C B# &
W= 3ll55}HS W, two-dimensional visible2 445, 475, 560
mm IPFOJA] deoxymyoglobin, metmyoglobin, oxymyoglobin
I} Aol UA YERFTHLiu and Chen, 2000; Liu et al.,
2004).

349 ool SAZ gt 72| Tk 1r]e] o] 1}
B A gttt @SR Wellsso] 4017, HA|a7]oA &
2 8&7=Fo] YA Hansen et al., 2003; Ramsbottom and
Koonz, 1939).

DNAE AREO] w2 obA], dafmZdom), 7=,
4k}, dZstof| ofsf EofEth 1715 54T 45 DNA 13
7} %713t} Neutral sucrose gradient centrifugation assay %15
< °|-&3to] DNA 3t E S45I3S o, -16TAA 1271 &
Ot 5ZRI A] Escherichia coli= dsDNAS] 3|7} Z7}F513
THGrecz et al., 1980). Y& 211719} WS 4717] DNA €4
< comet assayS ©]-85t0] H|WoIYE o 52T 7H-$- DNATH
T Ee et ¥ AHIAE 7HAIL UtkPark et al,
2000). SHAIYE EE T Qe WS iR BT ARE
AT o), v E 9%t Rl RS

s mh
= Tl 9 e} "4 A 3G R o] 8E = T
ok Sh Sy ulgE He olgEe] 4
o 2 TFYCE o]8E 5 Utk A5 Huj= vy
B9 A3t a4 E5-S Foto] Eofl Y tirkE Aok
A0 =, olF, o, WA, 7tAY, S8 52 315k H]
WL 2RIt (Katiyo et al., 2020).

F9 Huj| n|BEZE= FEHUA(Pseudomonas) 52 T

Ho
F‘ﬂl
v

o]

2
o
i
[

—_
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A AR 859 Bullit?l Moraxella spp., Ancinetobacter spp.
7} €A Qti(Casaburi et al.,, 2015; Ercolini et al., 2010;
Labadie, 1999). €59] Hl8EL 7HHd, 25, EyH
oJsto] G| o= 27| 17| nBES FFl w4
ngEo]| &S 771 "zolHh(Nychas et al., 2008). 2Lzt
ofl A= AFO RERPH A ILA] A2018-250 o5} 4a17], FaL
7], HAa7], §ar] il vdE AAL 2 ARkl
7} 5x10%CFU/g, CFU/em?) o|3lojo} 3hH, thidd4=
1x10°(CFU/g, CFU/em?) ©]3}2 7|1&& Asta ot Bufjs
BARs AU o w2t Fuhlofieluy AXEEHS o8
sto] AletrE 575k ol ARSET:

A1%0] FuiE A eiAe FuE A71AL Qe Py
-2 Atk S AR 5 Sl mAE A TR
g g%l 7le2 16S rRNA FAA AEYE AlEA= °]
gato] A Wolck(Polka et al, 2015). A o] ]
AZe] 3} 52 4t Ao] Elo] 319] DAl Aol Algt
Holc}. MALDITOF MS 4245 319} T2eg0s ue
gJots AET 4 o, A&ESHA £40] 7hs5H(Holland
et al., 1996; Seng et al., 2009). T3 FEFo|U Al oA
o] Zhsotth SsHAIRE n|ABE A 7]e2 17te] AH|7t
Zaste] g2 Bl-go] ARl o] Qo SR/ Rl &
Jo7]191%t ol3fshA Wit w]gESHA WHEgE oyt 2
ZotgE g s, B350 =H, Enose, ATAS 71&S 53 A
1ol ik

Aol (biogenic amine)> 11719} Zro] A kel &
2 AlFoA Hol] BT, T2 vPE B4 EF0= Qs
of £4 opv|iAte] B7lEEAS}H At P4JErh(Halasz et
al., 1994). A2utE Ty 7]&S E5) AAorS 245
459 Ruhg s ofsl AHL e BEoR A
g 20k o), A8 HaRgow dlsjel A4 Te)n
A8 WuRe] meh PYPEsl FebckVine and
Antonelli, 2002). HH|ZZ0HE THTHPLOE Eato] &S
Aetr & ofglS FRujX|#ER A'H5FHH(Vinci and Antonelli,
2002). 12y A2utETH ] A 9PEES 480 24 4
QEANRE AE5] S AES H} Sl Eout 17}
o] sz} Wastsl FAAgo] o] 208k T AE
7Fe71€9) T W ogsle] it 4189 £4 9 f-571%hE
Shzsi] Sl et Aol Basid.

B H49S ol HE WA} Ry Mo
o7 Fasiy £ ARFolut Alofo] QA gk o] qlrk
2o HEkA Q] AESTHH (Fourier-transform  infrared  spectroscopy,
FTIR)Z o]-§sto] Fx|17] Fufel ul & 151 A
7} &= A H(Papadopoulou et al., 2011). 5 AHEY o|n]
A A|AEl(multispectral imaging system)& ©]-8-5}0] HX]117]

9] BujE 76.13%9] A== AHs] YUK Dissing et al.,
2013), 28 7] 7S B4 Ato] 42 B0l oit
s} ARokE e Z 7lgo] ule) vl niE SR
of e B4 A3t ek & 9k

FgolX M2 ol8d % Ut 7I4% AT B T
e BolT BATE Festol AEe) ) A Waele o
APEE(EHER 97] SRS BAsle] IOl 2alg 27
Sl TH Andre et al., 2022; Panigrahi et al., 2006; Wojnowski
et al,, 2017). AATZE &% 2= EFSIERE FHERE
X(principal component analysis, PCA), F-EI]AAFEA
(partial least squares, PLS)?} -2 10| EA4ylxo] g3}
o 2210 B 7l Bls] e Sees gl
Fufol] gk A7 @t ol Qe A BH
3t Q1FAIAY 7)< (artificial neural network, ANN)S &85
of AAE 24 Z¥E S FuiE &71E A e
(Panigrahi et al., 2006). Hanif 5(2022)2 Random Forest &1
SlEh AT 2T olgalo] nE A oS elelct. of
A9E AA 7] 7] 20 T 7] 49 AT 24
of gtA7} et

re

o2t

1S
2oll= 7129 e J 4 7les dEste] 9 4
St A4l Blehs o] ATET It 498 B4
517] 93l PCR(Hossain et al., 2019; Park et al., 2013),
ELISA(Perestam et al., 2017), 33" (del Moral et al., 2009;
Monin, 1998), I =2u}&E 7123 (Lucarini et al., 2018) 5 T}t
71&50] ol&Ht 1% B Alss wEd i A&siar
Hupj 2 o2 A &= Ql= o] Stk o] 7le2 %4 3
7h AR A, 59, WA 9 Faf o i S ddske o o]
L5]7 QIti(Bai et al., 2024; Prieto et al., 2009; Zhu et al.,
2021). 2=y EgHo 2t gl A] e} ohh W oy
o] Ut}. olFTt e FESHE YHoE & 234 7]
91 A EFHNIRS) T 253 ©]R]A (hyper-spectral
imaging, HIS)& §%cl= 710l A==, 4AME
9] 7§ 92.6%9] =2 L=t gRld H7h QItkZhu et al,
2021).

F|Z2oll= Q5A5 7]<&(artificial intelligence, Al)S 83+
Alg- mhd o] B %9t Zhang et al., 2022). =, VIS/NIR £
3 HlolE e} AF AFTANNT 2 U34S 71ES o1&
sto] HjA|a7]9] FE B4 7129 7leiY § w2 A9
2 9 &3} HTang et al., 2023).

FHH, AMAE o] 83t AXE 9 AXSE L83 A+ B
o] o]FR|L Ut} Aol WA E= FujjE= dFFoA A
e vt 3 2EES 84 VA5t AdEE st

™
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= 714&0] B ETHAndre et al., 2022; Zaytsev et al., 2024).
J8u, AAE o8 AS 79 ol 92 T2 3L
o, = £40] ol o] Ut} 4189 AME S0
EAIAE ol gsto] B A4 0FE H4slslT Yed(
SR 71ee H8olol W FYES oo &Y >

Qltty HuE7|& & E](Jang et al., 2020) ol9} Zo] H2 o
T FFE 7189 BA 9wl T|&g B el 445t
A A8 5 %\‘_ Hetol thsto] A=l ek

Z4
=

rhu

o

=

A5 Aol A&AQ gl met Rt 71Ese] SRE
APgsh=t| o] 8HAL o a2 =7 AR 75111 =3
ololle AuRte] A7 IAole P vRI ol A=

|

H 71&2 F935}) 7129 714E5S k5 HoFHo|AY 1
7kl 77t B a3t 7leso] ot
BA A7k QE thEA7]7] 93t ksl 71&E0] EeY]

3 glon] tERoR Byt A8 Jl&olt 7
3t 7]%0] S8HT Ytk A oleiat BAE ERF iR
B o182 RSk el B Y2 ol
£ 7oA A4 37 AB0) BEHT Uk 2E ES,
4, 195 Hulo] $A% Wl V)& 4 agat 2AEE
o153t o} FuE, HAfel W S1Ee A
nhrlAo] T 49 Allo] AL, L uh T WelsHut A3
7 @olx|= AV} Qe AL oSS AACIAS] ThEo]
22 BT Gou o SR AIY 7Tl % JHo
28] Aot
O S AL S AL Ao
9ol Mg zetE gy 1&g R & JES AL

A S Ehe

o] Als3l7]) EPESL Qlrk. oleh Zo] 4180 5%, BF, B
tﬂ ﬂi __/gg /‘K_]__‘é]_ ]:TLtH HLH A 011— U]'7-]E~g 3]_@

A&51T e &2 W B GA 7|ES Adsks Ao
Jﬂ&o}f‘% EZE &7 AOlA LB[GACNAE AHREe] A
A ASE Wiske 71e M= 298 Aot
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