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Abstract: Edible fungi is a kind of large fungi with high protein, low fat and medicinal value. It has become one of the
common food ingredients on the table because of its characteristics of more nutrition, fresh flavor, low calories and multi-
functions. With the continuous upgrading of the consumption concept, high quality and nutrition have become necessary
requirements for edible fungi consumption. Near-infrared spectroscopy (NIRS) technology has been widely used in the
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quality detection of edible fungi because of its advantages of fast, non-destructive, multi-component simultaneous detection,

green and pollution-free. This paper comprehensively summarizes the research and application progresses of NIRS

technology combined with chemometrics in quality evaluation of edible fungi in terms of physical and chemical

components, active ingredients, variety identification, origin tracing, pathogen contamination and adulteration recognition

in recent five years. At the same time, the development strategy of NIRS technology in the quality detection of edible fungi

is proposed, which will provide methodology and ideas reference for improving the detection theory of NIRS technology

and developing special testing equipment.

Key words: near-infrared (NIR); chemometrics; edible fungi; quality; inspection
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Application of NIRS technology in quality detection of edible fungi
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A5 AR AR L 5 A AT A T T (1] 1), Sk
A58 NIRS HOARTE R B B P i 0 H A7 7%

1 NIRS HARAFENEAEEKEAS

B AR B FEEAALE K L AR 1B
Wi . KA E Y T g A 24 . e b 4y
Ssse i A B AR 2N T & AR, k&l
Hesenm B FH e O | SRR R, B A A
SRR H R A ERR IR e 22718, NIRS 2R84 H
T EHEREMRCARIE, G524 AN HE . an
Giovenzana "1 435I SR A X0 435 B NE A B AR Y 400~
1000 nm Y% 15 B, # 22 I 55 /)y — € (partial least
squares, PLS ) #E R T AS [] &3 437 A B8 2 | m] 35514
TEWFKSTEEERAG G, T, 25 58 o FE R IE T, A5 RE )
TR R4, T HAB PR FRAS AR BHAR (R
JE> K S>TT s ETEY)) s FEBEAR Y, K538 T 25
SR B 4 AR P FE R (RPp: IR S3>TT 38 BT
>N RE ), 33X AT GE H T B I I BRAR A9 AN [R] 3L 2H 43X
AREHRUE B P A2 T 52m . AHELZ T, Shinoda 4500 5@ it
FREL 1450 nm b 5G5S A9 2 PLS A B 700 &5
K SO Ay, BRI 1 .

EHEE S AR, BN, s R
ST ERAECR IR . AR B NIRS HARXS 278
M H A O 08 B A BEA TP R B BT, X L R I,
SR P R S 1 T 0 e R B P O S ORI A B

KA B B LS 2 —, SR & T
o E RS RS T . RS AR HORE N T
L ARFEF,, RGP 22303 F 1000~2500 nm 3%
KAF B AR —FP PRI AR S NIRS Ak,
ZE R RN PLS TIONASRY R 4T 0.90, MR R
o 5 A e AR R B e is i Be A 2 PLS ABEAY
TIN5 2 A Bl 5 e, AR R2C il 0.94004, #5785
SOUELEHL R, R S P E A S EAT R A2t
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FEARTETI B FH RS 1 55 8y T RO S AT,
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DA, b iR . & it = PO PR R AR A

# 1 NIRS HA T & FH B E b4l 5y

Table 1

Application of NIRS technology for detection of physicochemical index in edible fungi

jagild] Ef=La JEIEE

FEACHE

G BUL I L TR/ R

HTT R S5 30k

WAgs  BEEATEPEEIE /K5 400~1000 nm 248

1000~2500 nm 166

Fraf sy 1000~2500 nm 106

Smooth+SNV — PLS

1450 nm 48 None

900~1700 nm 278 None

SNV+(2" Der)

MSC+(2" Der)

L
R, =078
RMSEP=8.81%
PR O R
R, =033
RMSEP=1.39°Brix
FHAK S
R*,=0.55
RMSEP=3.12% 9
TR [19]
R, =0.41
RMSEP=13.10%
BTV P
R*,=0.65
RMSEP=1.32°Brix
TR 5
R*=0.78
RMSEP=2.14%

R>0.85
SEC=3.1%~8.2% [20]

Ry=0.9774
RMSECV=0.0222 g-g”' [21]
RMSEP=0.5670 g-g '

R2=0.9092
RMSEC=1.405%

R2,=0.9048 [22]
RMSEP=1.507%

RPD=3.32

R2=0.94004
RMSEC=1.393% .
RMSEP=1.557% (23]

RPD=4.03

— PLS

— PLS

1000~2500 nm PLS

1000~2500 nm PLS

s Re: BEESRAH R BB Reoy: 58 SUIEARA R FHG R oy S UIRTEAEIE FEG Rp: WIEEARC R AL R o RCIE ARV 2B R p: TN e 240 SEP:
Rl RMSEC, K 1A J7 5 22; RMSECY: 32 X e il B 1 /7 HR 12 225 RMSEP. FUAE 2 )7 MR 2 225 PLS: it/ 36; 2° Der: — B8 SNV bl

IEZSAS A MSC: ZICHUIMLIE, #2~3850H .
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NIRS XTHEAR TGS REE (900~1700 nm), iz 5L
$F ] AL (support vector machines, SVM ) 8472 47

FEASLAJ BT, X} FEAR - 200 5 BT S5 743 25T, IASAR

R BRETR R 85.7%, A Bear-md i s, (i i
FURSEREAR B BIEA N L . REBE—FZGFHER, H

I BTN A S 2 —, P AE LT R RGO
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NIRS(1000~2500 nm) &5 & fb2Eit m 2k i R

Z2fEe R (R REEUN 1.93%~3.99% ) PRH Fiilf
Y S BRE TE AR 245 1F (standard normal variate,
SNV) S TALERFT @ S7 19 PLS A5 50 Fi 25 S e A,
HAE R W 1. S ERECT IR AR £

B NIRS B4R AE W WAL 25 7E 2321.80. 2270.15 nm,
4G b2 R as R, FEEEE T NIRS 1R Z 24
A2 A AT AR, A TEASS TR R T A TR e B i

U (R? ¥9>0.95) . FI A IEABSAILREE TR 5 2 5
LR, SORMRSR AT RR 2 Zhi R A7 1E

FORIZEYIH, T BEHIHER A TE AL R 2 28-S H,

FAEE ST SR NIRS X R 2 F 4ok 32 e
PERIE BT, SR S TR B 1830.93~
2361.22 nm F4 @Y NIRS A5 U 5 5 46 ) R 22 22 b

RO R Ay, ] DAS Bl e 538 2 IR 20l AN TERY

()R

RZ =GRS —IEE B S, AR

ZHIPURAFIER . ST AR 2 = ETE T LTI ME X

IY 1689.19. 1730.10., 2265, 2304.15 &% 2350.73 nm
KA RRAE W A0, o TR A5 PO 38 a3 RO A Uk Bt
1676.98~1766.07. 2266.26~2298.40 nm K IGHEE &

FaE PLS AR AU T 3R 25 PR 22 /R Hh (1 R 22 =il & &
23— M- R B G, BTN B A
15 55 P 3 oo SR AR R 2 T 5L S L3R B aifb Y i
NIRS(833.33~2500 nm), Z3Hr45 i 17 R 2 =i NIRS
FH 21 40561 (mid-infrared spectroscopy, MIRS) 22
ILEAERSR A DG, T3R8 HY e T R 2 Se AR R
Yy, VIS R 2 F IR NIRS S,

Wi B B R . 20 IR ZFE T
TEREIMAG . DU Do . P25 7m0,
P BT I R SO S T R S AR, X
KM A B2 I B R . AR dm it
IRAGAL 2T T HL 1) NIRS, & AN [ 18561 7
AL, Sy AR T R R R . R . Y
PLS A& s M A, 4% 2R Wl o A FH IR 4h 61 (900~
1700 nm) FIFTAL B S AR TIN 3 = Fh i 14 a5 J T
RO 22 AN W, B E I LG GRS SRR TE
o BRT Em T, NIRS £ ARMBHE 5 | A &N T
SRR, FHUSR S 2R 7203, an s ML 5509 X & 19
HOSEBRD A P2 et B i BT L S A S S
T AT T NIRS & RrilroR, £1X0 A R sk £
ARIEAI D B E B EE PLS 2 WrAsi By, i i AR 5y
ZH0(R. FIl RMSEC. R, Fil RMSEP) KA A GEUE (i
WREE . SR AEEE . Rk 15 4518, NIRS $£
AR&hG PLS Sk T & % R s g AR 7 i B v A%
TS BB E . S S 1 2 BRI
RAF(FENLER 2), BN FHE A AT AT0E, AT s A4
SRR AT A R o o

2 NIRS FHARM TR & HI IS
Table 2 Application of NIRS technology for detection of active ingredients in edible fungi

B B e GEE
L T BEARE

et

BRI A B fE 9 R7S BEALPERE 2753k

Al EZ 833.33~2500 nm 85 N2

ARE 900~1700 nm — None

EZ 1000~2500 nm 47 SNV

EZ 1 1111.11~2500 nm 76 1 Der

o
LA 833.33~2500 nm 70 ; ﬁﬁﬁmr)

= 1111.11~2500 nm — 1% Der

1830.93~2361.22 nm

(1676.98~1766.07)+
(2266.26~2298.40) nm

R=1
RMSEC=9.02E-10
R*,=0.890075
RMSEP=7.728933 mg/g

U %85.7%
H1m14£87.3% 27]
F1-score=0.864

R2=0.9592
RMSEC=0.0185%

R*=0.8516 (29]
RMSECP=0.0236%

s ik
R=0.9779
RMSECV=0.467%

R?,=0.9554
RMSEP=0.603%

RPD=3.13 (30]
AR R 2 22K

R,=0.9684
RMSEP=0.445%

RPD=2.75

R2=0.9007
RMSECV=2.54%

R%,=0.9181 [31]
RMSEP=3.45%

RPD=3.17

R*=0.8857
RMSECV=0.267 mg/g [30]
RPD=4.74

1428.57~2500 nm RBF-NN [25]
— SVM

— PLS

1897.97~2500 nm PLS

PLS

PLS




0454 B 1) EER, 5 LM B R S TR T 4 W PR oY e - 363 -
k2
Y - _— v ST - YO LA S
= SN2 H a 3 ES PSSty N =
1T EiEtan I FEAS Jre R, TR B AT FRI:fig Z:7% Uk
—_—_~ . nd RZ ZiENIRSHIMIRSZ [i]
RE X 833.33~2500 nm — 2" Der — — aeeritiaams [33]
R
Ry=0.8807
RMSECV=0.0088 g.g”"
RMSEP=0.0082 gg!
ity Hﬁjﬁ@ 900~1700 278 SGS PLS RP=H§9H743 21
gl ~1700 nm - RMSECV=0.0232 mg/g [21]
RMSEP=0.0189 mg/g
EZ
R, =0.8819
RMSECV=0.0086 g.g™*
RMSEP=0.0085 g.g”'
R
R-=0.9967
ST RMSEC=0.113 mg/g
(1366.68~1443.52)+ Ry =0.9923
(1484~1544.12)+(1706.78~ RMSEP=0.157 mg/g
1810.48)+(2039.78~ B
. S 2075.70)+(2109.49~ R.=0.9418
i R gﬁgﬁ% 800~2500 nm 210 None 243;.33 ) nm PLS RMSEC=0.0186% [36]
JE 2 R, =0.9800
(950~1200)+(1009.70~ RMSEP=0.0133%
1533.30)+(1500~2200) nm LSS
L R =0.9626
1123.30~2500 nm RMSEC=0.0449 mg/g
Ry =0.9872

RMSEP=0.0434 mg/g

4:: RBF-NN: f2 [ 5428 W 4% SVM: S FF ] S A)L; 1% Der: —Br3:4%; SGS:

3 NIRS #ARBATFRNEA&E AL

P SRR 2, AR R T AR B D%
SRR, RS FH TP 1 A S 1) R 3 (4 i
AT R U] | (R I A ey L)
Y SESUSES AT & Gk )i I NS B~
2t RERHE ST, Jops SeERHEARI . NIRS $EAAE Hy
PR AR I T B, 7 £ P R A
T B 7 SRR 5 ELAT TSR0 S0 B8 S A7 200 i
NIRS 456 853431 (PCA) M R ISH- %t 9 Fib
540 A~ R RE PO ITTST, 432507 E IEF LRI
5 100%, A 7 2 24 FH ST M B2 HE T — Rl 2407

BRI, #3450,

o TFHZBEN ST T 800~2500 nm P B B
ey g s e ) A A R S B T A T, 3R ) SR AR PR
IR Y PR L R 2% 1 T B NIRS H5dis, 28 — /- 80 T
AbF S AT A5 o3BT, AR AR e S A o BT R
PWAEHHFR AT IR 100%, ZEMRE 7E 900~1700 nm
PEARTE T, BeHT 4 FhAS IR A& FH Bl A 2 I ] f5 4%
T2 IR LB AT AN K e P UT AR, % L il 7 i) 4
PR P A 25 T % T LA 9 1) M A 3R T 38 100% A
78.26%, X B AR 47 ZEERG 1T 15 89.1% Fi1 80.43%,
FEADIG BE AR M T PCA VAR (PEILER 3).

BT IR LA HEE, I LA T & 2 51

3 NIRS HAR TR £ v o A 40 K 73 2503 9%
Table 3  Application of NIRS technology for identification and classification of edible fungi

- . DUt T 47 A& N A T ) RN o &%
L N7 S = b Lt 7 Hﬁiu‘ Lok 4
R TP I R A S fed 9 R7S BRI fE it
RE @R 00 540 MSC — —  MSC-PCA SR TEHHARIZRIES]100% (39]
AR @R S00-2500 50 2% Der . - PCA T 5 51100% [40]
BT FIA I S AN LN EH1E 169.57%
(BPNN) #160.87%(KNN)
. - AT IR S B IE W% Jy67.39%
*’AH; nﬁ@ﬁ%# un*"l/"b;i]] 900~ oo SNV LASSO, o BPNN, op Q,nggﬂfs‘gy,(m\?p . [41]
BN WA F432E 1700 nm PCA KNN HE TR R SN IE B2 100%
(BPNN) #i178.26%(KNN)
BT RHEDR AT I T I LE M % 489.1%
(BPNN) 180.43% (KNN)
TR i 1000~ g SOS R 142857~ PLS-DA, PR S S35 5100% [42]
» 1000 SNV. MSC. 1% PLS-DA, PLS-DA, SVMAIResNeth IZREE A IE B %
IR AR 2500 nm 301 Der. 2 Der. SGS — SVM,  ZM1499.63%. 98.5%F1100%; XHlXEEREA Y IEHH [43]
i ’ : ResNet WU 497.38% ., 93.63%H1100%
RIFE BRI 500 187 2D-COS o LEEST Reset R 49100% [44]

1: PCA: RIS HT; BPNN: 3R LR 28 R 24 ; KNNK: FR 4B %5 2D-COS: —ZEAH IS ; ResNet: 5% 2% 4 B2 [ 4%, 264~38 51,
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WHEITFEHAE . Chen %81 X E T & —Fh L T B
IR NIRS B4 FF B Sl Rl P 51 5 ik, i ikt
H 5 FPASE SRR A TR 1000~2500 nm G S,
H4) 8L i B¢ 7)> 3 2= 4] 551 43 B (partial least squares
discriminant analysis, PLS-DA ) fll#4 5k 22 ¥ Fp 22
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Table 4 Application of NIRS technology for origin identification of edible fungi
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