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ABSTRACT: With the development of China’s economy and the continuous improvement of people’s living
standards, dairy products have become an important part of the daily diet. Milk and dairy products contain nutrients
necessary to promote the growth and development of the body and maintain health. Characteristic milks such as
donkey milk, camel milk and yak milk are more and more popular because of their good nutritional value. Due to the
good market prospects of special milk and its low production, the price of characteristic milks in the market is now
generally higher than that of cow’s milk. Driven by economic interests, the problem of adulteration of characteristic
dairy has become increasingly prominent, thus identification of milk animal ingredients has become a hotspot for
research in recent years. At present, domestic and foreign researchers have established a number of identification
methods. This article reviewed the current situation of the identification methods of milk animal ingredients in the

characteristic dairy, from 4 aspects: Nucleic acid, protein, compound-based method and intelligent non-destructive
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rapid testing. This article summarized and compared 4 kinds of methods, and discussed the problems to be solved in

the future, in order to provide reference for milk sources quality monitoring.

KEY WORDS: milk sources; authenticity identification; nucleic acid; protein; non-destructive testing
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AREREFEENEY, BTEAR. BoKLs
Yy PR LEA: R, FLP R AR RAE 37 g/L L R
AMIARELIE . L D kAR 3Lk 3 ECRHIN T AL
R n P, FU S RGO TR R H RS A ]
RGHR A B EVESC B, 2019 4EFR 43 28 2L Sk 1
N 313,16 7 t, [AHCHEK 11.19%5), B AR H 263 K
B S AT T e, AR A= FLELUR AR EL ) A LA | A
[EESRENTIpe St [ N IR S INIE SN F S iR s a iz
PR Bk 2L E S YT I R S, WA N K AR
R0 Gl 5 ONFLB A (R ESAE ) B
PR 2017—2019 4, FERhFLET RN A FLN 3.6% 24
AU TRl R AT R S R AR A i, H AT
Yy R LA A, Fl o B T D B 1 LU
BERIG, T2 M A 4 FLB AR B 1R
Fr. FLURBR ) BN 9% 5 A B % 1 it 3, T
X A 55 AT e 14 A B A i — i U

SR B E AR AGRE, RS BT T Y A 3
HEE R FIRRE AR LA ZL ) S T . Blan e (BB
a2 R R R ) T RL AR A L BRAE J TH
B BB AT A T B B R R L R A
W& T —FRINEH, ¥ RFLE A L AN 2y
M. fEFRE, (EMEE) BL 5 Eiing
NAEAE R, AFEARENAED . GB 7718—2011 (&
b A E FRARE TR B S AR ) )t X PR AR 2 Y
A ELSEPEfSH THE

R I 7L SR A BRI S H
AR AR R R, (R DCTR L R A T I8 5 BEARFEAE G
BRI . ASCAIETER . EA . (hBWnr
AV BT DRAS S5 1) S DB AR 53R T3 5 AR 45 1R %F 3L
R L S FLIRAB AR ) A B9, X 45 JE B AR A T 40 e 2
Xt A SHe T LA R o) SR T, AR ZLUR B % )
WIS,

1 SFEMFRE

FET R FLIR KRN 5 EAZ Sz | REIRBL
AR isgm, B R . RS & %RS . sl
DS ROAZ AN J5 1% 3 AT SR W SN LA (polymerase
chain reaction, PCR) , 73 FH84 ik AR K IS4 R Y 165

K (loop-mediated isothermal amplification, LAMP)%

1.1 PCR #R

HHL PCR F AR DNA KAR & Bl FE, HAR Sk
WA T 55505 50 P B A SER AT IR S [ W) . HAZRA Z10)
K PCR AR 194 DNA Lhifk D-Loop XKJ¥N
126 bp BFr A B, ST EQEEAK AW R vh A FLEB A,
GAFR AT 35 1% HAZRA 2R T 2ok (R 5 R - 4 4%
SR, L PCR Y HERAT H 1741 LXK 507K A= 2L
AR, FIBRSE T WA SLRN R P 3L 4] DNA 5
VRS RES . SRR, MO AR R R L
B HE, ARALAT 2L o 2R LB R B — B A T
£ PCR H ARSI T B AK60 5— ) ) #5125 PCR
RRRGH 2514, e FIRHY 12 DNA XA
K Z gy, HATRIARCR . ARG L A S A
CHOOPAN Z5"I 441 fifg ¢ 3¢ S L IV 3 T (Con R4 i
BZEDb (cyt H)FEF BT 35T RS, @ TETEHN
I8 HEL KA ) — 78 PCR A1k, SEPl T &L M FL S i3
A AR AL IR A . e 24 e i W PCR
P34 . FEHER DNA FBL(A:: 256 bp., 3 326 bp), Jf3
FAZITERT 4 PRI 6 SRR b e, Hbs 3
FPE WA B R ) A

SEHTEE G E 1 PCR (quantitative real-time PCR, qPCR)
L 9 IEAF 5% PCR G FEMEA T SZI Wi, T S b e e
HLVK, Ik RMUER . L, HT A SRR YL
GUO ZMBR ] qPCR FREH AN 2 3778 vh e 4 2L 35 (1%
fi R R = 90) LRSI AP A AL B, kRS
PN E G R A, REHEVHE Y TS Yk SYBR
Green 11 qPCR A5, FHXITHE 11 2L & E A 7R,
HpA 7 AREFEA R E R LB, k436
MFRA 2.5%0 HAL 25U IS, T 3L F2OkifAR 12S rRNA B =
T qPCR 7k, AT TR . A BTl A s o 3% e R
PERIZEJEVE LSy . qPCR MIHLAS R BL PCR D5 ki, AT
BEEERS UK, WD T Y, R BEA OO EhR IR e, 1
T KR A, B qPCR AT LA ot X6 45 AN EE i 7 3R B A
(cycle threshold, CtFYTHEE, HRAEARAEIIZRHEA T E 7t
1.2 SFiIEYEERAR

O35 B G H AR SEAR R R R A0 AL 2R A
fiE, RIS FARICH AR VAT S R0 B 5 2R X 40550 5 H
RSN, BEE Y THEYIFR AR R R, £3589 Fhrid
AR WK B, 0 PR W A B £ & 4 (restriction
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fragment length polymorphism, RFLP). Ff#LY" 38 L 51k
DNA (random amplified polyrnorphic DNA, RAPD)%:[2

RFELP J& 472K AT ZLAIZL A 5 b 28 58 19 3 42
ARZ—, PCR-RFLP ¥ M PCR H AR ¥/ g E B
DNA #4748, SRIGHFATEGY) . HIkAr S, BHIETHE
DNA ## RFLP &3 H 9", YAN 250h@ b gebitk 128
RNA i 5 |98 20104 . 4. KA BAnER
R, FIF Msapl 1 EEXT@4R UK AR BARIE R BEA7 R V),
X FHEAFRFIWs A H AR R T Msap1 181 Pac 13473
Yl Z5RoR, Xt PCR =HEFUIf5 201 285, 144 1 203 bp
DNA F By SR | KA FUE AR R i BE, 107 ¥R T LA
RHE 2F FLAIK 2R 2L AP (1 28 FLB 8  EWIDA PO F Hinf
T XS 7K A R eye b 3R HR 360 bp 1) B AR L HEF T4 57
HEREY], FIFIZ T ER 50 AN TTE KA FLRER, B8 6
35 90%. PCR-RFLP #RAEMIH . BAK, HI AR T
T e o W DAL S R P 28 S AT e A B A6 AT 2K
TEICELEN S DNA AT Rk A 243 2 BOEBEA 18 H D)
7 s BME SR I T R A R &R

RAPD 1] UFIFHREHLE | P55 P Fh 3L 40 DNA 7%
BRI, THTLI1RIT51Y, S 2N T e ZH
PEVEAN ) Fh 2 5g 20230 R F BE 3 X 3 (sequence
characterized amplified region, SCAR)FRICH; R &7 RAPD
HARAYIER b & R . 2016 4 CUNHA 25241 % i —

P SRR 2 H B 420 RAPD Fik. 5T
U RS R M AR S e, DR T D VR R i
T SCAR #ric, MITH:INER FUims b4 FL 2. RAPD
PIEE SR M2, AIREIR A RO G BT R . RS T
51, PCR B ACEEE
1.3 HASFERVIZREA

I AR H A — P BB 7E 5 IR (60~65 °C) &4+
T, BRI GER R 1 )N TRRRY 1Y, JE—Rh s PR |
TRAA LD 0k . AR AT L 2 G H i -3-
% BR i & [ (glyceraldehyde-3-phosphate dehydrogenase,
GAPDH)ZEEF A4 cyr b FEH 4-ABE15 14, 27 7l LL
I E 2L s AR FLBR R Jr o SEIR T T RS AR R YR,
AT BRI ES AT, 2 W RBUE AT IK 1%,
2L B O B A I B T AR S P KIM 20OV ik
RIS LAMP 45 & 5 5EBE A 3 1 5 1L A 3L
KB AR LA A TR, SRR AR WOR, KRR 2%,
KAEELER P KT 30 min, SEH TGP 42B
RPN . 55 PCR A, ANTREAAR AR, JREE
W, UK KRN ISR AT B, T IR URER 45 5, FLA Pk
A FESEERR GO S, AT TR A, R 1 2
FLIEASIN 735 HE W)~ DT TR ST 4G, PCR ORI Z
MR, L H TSR

F1 ETHERSZENLRBRENEAIMIRER

Table 1 Research progress of milk adulteration identification based on nucleic acid method at home and abroad

L/ SPTEAR 4% B LA E =P TN
KA WA H#H PCR mtDNA [10]
KA W H M PCR LRBiR D-Loop X (
*. HHL PCR 128 rRNA (13]
EiESNETIESN LS M PCR COI. cyth 02
KA @ IR, B RT-PCR 12S rRNA . cyt b 27
ENES RT-PCR 128 rRNA (4]
IITE SN G RT-PCR 128 rRNA 281
4. F RT-PCR 125 rRNA (1s]
KA I 4. Wik RT-PCR 12S rRNA . cyt b (291
AL SN ESNITE S RT-PCR 16S rRNA 301
IITE S E SR RT-PCR 12S rRNA , ¢yt b B1)
L REL AW RT-PCR 128 rRNA . cyt b, lectin. rbcL (32)
Wik kAL KRR RFLP 125 rDNA (18]
Wy k4 RFLP eyt b 0]
I R RAPD-SCAR / (23]
LU ES LAMP GAPDH ., cyth (24]
LUESNEIIES LAMP eyth =
LUEENE S LAMP mtDNA (331

7: RT-PCR: ¥ 5% 55 I 4555 30 521V (reverse transcription polymerase chain reaction); /72~ TG
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2 EJHBRWNGE

EATORILG S EEWERY R, ETRANT
AR FL ] i PO [E FLIE B RO [E i, 7T DB R R
P (RS iR AR AT ILIE BRI M B A
A UKL B I A % W B 7% (enzyme  linked
immunosorbent assay, ELISA), & ZHrik AL 4%,
2.1 EKE

FETHE I UK 7 12— RIMR SRl ik . JEJLAE
I FAE LGB ARG I F) P K 512 2 A 5 DA T i B e
¥k (sodium dodecyl sulfate-polyacrylamide gel electrophoresis,
SDS-PAGE) . # [ #E /i H ¥k (2-dimensional gel electrophoresis,
2-DE). B4 H Ik (capillary electrophoresis, CE)% .

RN N A K157 SDS J5, EAEHEE
R FE A SRR, FIEER AR B E AR, X
BRI H . BT IR -EAG S %P SDS-PAGE ki
LA SR ILEE AL . WWEIL. RO EREA
T SEERTAR R LIRS . SR FLFLIEM L, TeFLiE S
T p-FLekiEn, IWFFLELIAKRED . PHIETL -0 E
M, ARSI R B, 15204 8RB 50 1:10.,
1:4 F1 110 (V gV osma) o BEJF X R SRR | Bk
PR PRI 22, BkK Ao FRMANED, SPE
Ao 2-DE MK ) 2 A AY 55 L S (isoelectric
point, pI)FIEE B /5 [0] b 435 AN [6) BEAT 26 15T 19 43 25 4
ko XG53/ 2-DE X 4F 23U (I St i
G307, SERES SRR, EE ST 0 rvA R LR LA SR S X A
S5, AT BIAEFLE b B R RO N T 5% AL
BT o

CE JZEVIEHE JyoreiillE . LIsEERHE IS
15 BSHAR . TRIMBOLI %P U3 o FLIEE A M B
MRFRICY), RN e fE K A s o i A LR

FL K I8 — PO B 7 vk, (REIKIE A & 43¢
L. BARES . INFEER ISR 25545 Fhln) 8, 7658
AR AR B T AR .

22 BEEARRIEE

ELISA 2 F|HH0 5 -HoR S i 4 SR T il 43 % 531
f—Fh k. REN PSF & T —RL T Rosf it p-
%2R A TR BT IR A BELISA Rlisnl &, T Pusaimise
ST FLB B W RGE, XA FLIEAT,
SE SN H<1%, FEFF A A LB R R R 1% (R R 14
H) o SEERES AR, Tn#k . BRAL AR e FL A AN [l b 2
TR ST, ZELENAKOVA 5P 5 1 78 #iukk
FRJ5, {3 ELISA R at5a] Sk il S5 i A8 2L AN g BEAE: i vh
FABBRATTEEE, (R R i TR LA
FISERR AR FL SR I R & (%) Z MR R, 45RE

R, RPMEM 0.4058(WhE)E 0.517S(RATF)ALE, XEWE
TEARFAE SR, Tk 4= LB Rt .

ELISA J5 8 Bl ik F L PR EE AL E THRAE 1, JF
R PRSI T X ARG N B3 S AR DG R RN . 52
B A, T LAR] A A 22 A i (HHAR T — MR
MBI R S SR SO R, HLTE S R 8 AN TR R i 4
R, FRATREA& AR S SOSRE, 7 HEAR PR I 25258 o iHeAh,
T gk e R R e AL 8 s, BRI S A L
AL SN T 4 WA B AR S
23 BRU#ERERITA

A 9% B AR 4 2 R (immune  colloidal gold technique,
GICT) 2 AE AT S50 38 o 2 A i ARSI DX 5 e ik 4 b i e
b4, ISCBURGI Y H pgt sk L p-2lekaEr
X5, AL T AR SARIC A A AR S FL A DA,
ARSI 25 S, PTAIEFL AR 2% R38R, £
LA RS S T — AT DUREAG I LU R A AL
BREE I e BT, IRl IR R TR, S0
LELRI, RACAKEMER A 50 ng/mL, HEA 5 HAM RS
PR RS SN o 1T TETTAL SRR (E R, 7E 5 min 4
BImT g BN AR, NFEEAE B A 2 T HL

JBE A4 455 B 928 A AT B ARG SR AE TR AT A, AR I 2 XS
TFIF R BRGSOV, KD B . AR . (HL T ks
W B bR —, 107 HAS [ SRR IR R CR A S A 45 X Ao i 25
(R VERf P A AE — 2 S
2.4 FUEE

JOT T R B T e T S L RAEAE R O,
A LRl T E TR . B 43 B B vl
VIS & R A W5 B T HRRAGA P S M L
A5 R o BT BTG Y 2 1 B PR YR LR o e i S ]
1% (peptide mass fingerprinting, PMF)Fl“ A&7k 0 F

PMF #%.0H A 2-DE FE 4 B0 i i 2 kAT
Hs} [B] J5T i (matrix-assisted laser desorption ionization time
-of-flight mass spectrometry, MALDI-TOF-MS). YANG 24+’
Wil 2-DE 254G Bl AR 470 1 ERL . I85EFL . 4
4 FLRK AR FLR F B RS SOk Le L TR G, LA
RITR A W Hh B R e LIRS . S5 R R, BERCIEE F i
o-FL VR LR/ B-FLBREE VB 040 A AT A Ll = L 3%
B FEAFIKAERL P R RLIBR . MRy AR A B
TR HL K Iy B AR, FEIT ALK .

“E VLR SRR S K A BRBUR G, I
{33 (liquid chromatography, LC)/43 5 B 1 H BB BT 112 467
o, HARFFE WK 1. BERNARDI 6 A R o -
HIBE 1% 7% (high performance liquid chromatography-tandem
mass spectrometry, HPLC-MS/MS)/M A, FFWilg A
(B RV e | P v e O 1 = S N T T =2 I U1 e a2 R 73
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PEAFAE KBS, i 22 )2 7 Wi (multiple reaction monitoring,
MRM) 55 3RA5 AT SE R R RE S IR B, SEIEXS 4 SFh
(]IS R A o RIS IR XA S A T R TRRAL 3, ol iR A5
BAE YIRS E P, SR Ty A SRR 5
PEIKBE ARG E P . CAMERINI 2518 UETF LC-MS/MS /Mt
AR, 2Tk A p-FLEREOM o-FLIFREED 3 FMYFIEE .
KA WA YRR IR, FH RARIN K 4 8 FLTE T B h i 4
FLIFBR - 18 5 SR B2 I T AR S IR R BB B D5
R T T AR 2 i, AR <0.5% (V:7). CHEN %14
) R O A R - R R =T DY T T3 T (ultra
performance liquid chromatography-tandem triple quadrupole
-mass spectrometry, UPLC-TQ-MS)XJ ZL il i Bkl 4~ . 482
ANLAEFLEA TE PEAE B . SERRIR T3] 1154 . 4 F
ALAEFLIbRERK, BTG 2 KB AR 148
Mg SRARRI, FR IR IRE IR 1%, 1]
WK 96.2%~104.4% . I I5BA RAFHIRIBEE | st
A, EXT TR E SRR EENT 1%
RS O] BE 23 45 4 FL Ak BN BT SR VR AE 1Y UAE R
NARDIELLO 253 F LC-MS/MS AR, Hof4=FLHILEFURE
sty o FH JR 2 1 Pl P LA A T UG, T LRSI £
T 1% 4705 5% o W R AT T XOEREI, X T2%
GORRBLE YR, SRERGYT ] BE AR R SR BE, XX
PEmED)75 3 0 R B S Ry i, A A TR BB & 48

FET U A AR O R AR O TR UK A TE AT L 43 B

AAREE DR, X TR A B RAGIR UL, U 2 — R,
RIVRT A 22 Rl P o, R — el A R L i
PR R 53, AR VA A 1 S N X 3 i AN A )
5 B2 BT RO, X T8 A A5 SR iR, i
FHEIA S RE S5 R 0] REASREE WIS R o A B Bt 4
AW RAA I B AW R, R I B T R 2
R

AR T EATEMFLEB B LR 2, WFLIE
SomRE, T EADNEE S TORER AL, o
W Z LI KT . WERRFE, MHEr T
Wy kR, BE T BEICRI B 04 2 3 5 A AT LASE B
PIrpka I, HRE R B AL PR E AN, BRI A I
EUNOR R ) S e R S 7/ e RE S W A S e ol )
Pt A0 REEE . DA (]l JCIE 2 R HL Dk P
O BT R A S AR B, AR E oA T vk
Heiit, FEMFHRELK

3 ETUHEYINGE

ST AL G YRR Jy 12 32 E i AR 4 5
T R AR IR AR P HEA T P AT,
R AEE LI 20 BRIEEAS [A) B dh o 8 2 R0 5 e b A 22
S AT L AT DAPE A £ ELIE S B — MR AL
1l it LK 1) )R P 5 i A 3 B TR P R A g S ik

(nuclear magnetic resonance, NMR)%

®2 ETEARFENILRBREMNERIMIRIR

Table 2 Research progress of milk adulteration identification based on protein method at home and abroad

LS IDoE SrprHA SR EEB
G N NS o ) SDS-PAGE AEEFEA e
RN = 2-DE ESEEE B3]
KAl L CE o-FLIEEA g
SN CE A1 C1 38 kil a7
5L AL ELISA YU p- 11 RETLIA el
FRL A ELISA RN B
AL, FILL BT HEERLL kAL 2-DE. MS LT pFLRER =
3L, IR MERL KR HPLC-MS B SHEREE )
FFLL KRBT R LC-MS/MS R IREAINC sl
SR NE RS IR S UPLC-TQ-MS HiSPEIB: "
3L, AL LC-MS/MS HESHHEEL !
43, SR HPLC-MS/MS EREA o
3. 43 Gict p-AIRE] o
FF . A GICT p-FLERER s
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B > ER
. z3vi s
PR RT JRi% HE | MRM o ERETXE AR E B/
i [ [ ] g [T T e [ T SR R
Y \J \J \/ Y  J

. \ ' He T AR T

EAREY HPLC- Uniprot Huxt i Eﬂﬁ% %ﬁﬁﬁg FHXTE &
. Y MSMS | | NCBI% | | REEWF | | IE. NG ARk BE AT

B HRIE HBFXS daxtsr it

1 By e P i A i R 5]
Fig.l1 Basic flow chart of the qualitative and quantitative "shotgun" method

3.1 GC-MS

S 3% - % 4% R (gas  chromatography-mass spectr
ometry, GC-MS)Z A 1% 43 24 it 7 Ao i kol 56 )
BRI A, AT LA ] R 5 X 15 A i ) 4 5 A g e B,
JOLFH T PR A B BAG IN 2 | JRAK ™  BV 5 £  EL O
ST . GC-MS A LAGE i % 08 LAt & P AR AL & X A
Al ELOBIET TR 2014 45 SCANO % BUfi] GC-MS 454
e /)y —3F #5143 M7 (partial least squares discrimination
analysis, PLS-DA)I1E 38 f fiz /)y 3 $] 51| 43 #7 (orthogonal
partial least squares discriminant analysis, OPLS-DA)% %I T
HFAMNER, SR TR, SR, TEARMEPH . R
PR 43S Ll 2R FURIZE FLAOREA ACiH) . SALZANO 25 ffi
FAIEHE AN A LR 55 R IR EEAC I A TR AE . N AR
s Hi(protected designation of origin, PDO)-jdlE PDO #i
DX AR FLAT R R A 2 185 R . #E PDO WA
FLFE AL, RFUBIMEMIRT . R T IR . PV . AR
R, WAl PDO AR RIS . 12 lR . T EE RS
Bk, GC-MS BEETFHRMESRYIT N sHr, B REAR
HAN 100 °CULE, FrLAXS T4 A 1 55 FGa e P22 )
Jo W 5 BE A TAT AR ACAL BB, R S T A 3B A A AL 38 I 2 X7
HERME A — 2 A2
3.2 LC-MS

TRAH (- BT R R BT B R, FTLIAS B35
FIALEYIE R, BN AR F LA Rn2S, ik

SN A FIZLIR A S o LT S COV e o 8 R € - DU A AT -
L B B BT (HPLC Q exactive orbitrap, HPLC-QE)
W TIAERL ARFLMSEgrpat 13 BR & &, &M 13 38

BETAE 3 A th RIS A G 22 e B3, Al sE2L s &t
IR FIIRIIRSE S TAR PSS T PLS-DA #7111
X433 FlREAHZER . MUNG 2607V o 138 A N & KA AE )
255 N FL H M A AT R sh W 2L s i 3 L B RIS O,
i AT M RB AL 2 R RARIC Y LC-MS J5 i 40 AR HIEL
FEACHR P, AR AR p A B 5 N FLI LS P B 5 201 7
F 4343 #r (principal component analysis, PCA) L4 LI E
R/ AR Z M 2 5, WIS FLS T RB A B
WXy %50, LC-MS Jrikt GC-MS MLL, HeldiiAl, &
G PATRE MYA AT, BAEE YIRS K TR E, B
HIARE R AL S s IR R — i
3.3 NMR

IR SE R TR F R AE RSV E R i ok 43

BE K 0 RE A — Bl B R L R o AR L R
("H-NMR)., SANCHEZ ZPUfi fij "H-NMR #1220k o
1) 44 R, %8 T ok B RRIE . BRI R I A
Y, 44 GC-MS BUERIRbeke . il B J5ReS5dt 50 FiE
R, TSI L 2EFUR Y B R AE o i o O i A
YRR AR S5 6 PCA A BTiill se 2L H i - 2LFI 3L 38
1B, SARAGIBR S 10%, {HAS IR 45 532 2AN R & 6 U R
ANTRY T HOBEFL A, R AR RN 1 A o S — 2P s

G > AN [ BORATA > SR
Y \ Y Y
e i GC-MS. LC- LR I, it
B BTG \ e s 3
s MS. NMR% R B Z L)

K2 FETAE YR R IEA R A
Fig.2 Basic flow chart of the compound-based approach
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4 FEHREBEMRAR

TCAGAS I 2 48 TE A W IRAE i WA M BT A A4 T, A
FHRE S 3 FN) A B AR B B g RS B0 . 75 W AN
T35 45 B AN [R] AT S BN RIS sl i) — A ik . 5
Fid 3 2RI A L, Teiis I B A B s R 5 58
MG E . B ETH T 2LIEB B b E P
BORA W 5/ BORFDGIEHOAR
41 BTE/FREA

HL /T S AR SRR A A, T D 2 R U
5 EZ TCGE I3 0 KR ) Jo i A7 e e B b )
A OV T H - R B 25 UK RS ] 1) 4 LR B (R
Sb 4R MRS IR BB, 454 PCA il Fisher £ L) 3 4347
(fisher linear discriminant analysis, FLDA) &% 244 [B1 )48l &
HEATREPEFIIAE 40T . 45 3R], FLDA J PCA #5E
il X o AN LUl 4B I FE i, FLDA X3 3UR T PCA.
GHREL T RFEHAR, FIF PCA I LDA XHE7L4- 7R
G WA, BERFEY, K BIRORE N FEFLEAR X
W R K, AR A TR R s, H 2 e
LA RN (A B X5, B T IR R R T AR
&

AU F TR T TR A FLB A P
DAY, ] 2 FIOR R0 305 T RS e 80
Bl AARAEAS B . Bk PCA FUR T RBEL AL AR BR 24 3T HL
(particle swarm optimization extreme learning machine,
PSO-ELM)SH AN [RIHBME FL il A9 208 43 B4 T T e A e =
SRR, SEHRE AN EPEIX AN ATIEE] 100%, R AR
L HAT R R RS . HAN S50 F g 778, il s A%
7353 Bt (kernel-PCA, KPCA)ZE 11 % 5 AN [F) 4 B2 1 1L =5 o
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