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Abstract: In order to realize the rapid detection of the alcohol content of yellow water in the process of liquor fermentation, Fourier
near-infrared spectroscopy (FT-NIR) technique was used to collect the spectrum of yellow water, and the partial least squares regression (PLSR)
method was used to establish the alcohol content predictionmodel. In order to reduce the data redundancy of the full spectrum, reduce the
complexity, and improve the modeling accuracy, the continuous projection algorithm (SPA) and the interval partial least squares (iPLS) method
were used to screen the characteristic bands of the entire spectral region, and the coefficient of determination R? and root mean squared error of
prediction (RMSEP) were used to evaluate the predictive models. The results showed that compared with the original data set, the prediction
model after abnormal sample removal, preprocessing and characteristic spectrum screening, the prediction set R? also changed from initial 0.702
to 0.952 (an increase of 35.61%); the predicted RMSEP changed from 3.812 to 1.367 (a decrease of 64.14%); the number of variables also
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gradually decreased from 2,203 to 99 (a decrease of 95.51%). It showed that while reducing irrelevant information and noise, the complexity of

Modern Food Science and Technology

the model has also been greatly improved, and the stability and accuracy of the model have been effectively increased, and finally, the rapid and
non-destructive detection of the alcohol content in yellow water can be realized, in order to provide a new possibility in the liquor fermentation
field, and provide a theoretical basis for the detectionof near-infrared in liquor fermentation by-products.

Key words: yellow water; alcohol content; Fourier near-infrared spectroscopyserotype; interval partial least squares; continuous projection

algorithm

[i] 25 K B AR o B AR P2 1) = RO BT VA2
—, DS, FRITE T, SR R,
FE R R — Dl R ey, 2SR, E
B EZER R, BT RREIREREERE AR
SRR, ORI PRI TR RS FE S AN B
it At AR A 20 R (1) 8 53 e oK 43U I R LR R = -
TOK, TEAK AR R EEE R, MO K RS
SR HC,  BRESEKIIAS B S e 2 25T H
T OB RS 2 12 Bk,

KN AHEKK, BEFENEFERY, B
T EGE RS HISPER. BRALER. 4
ST R A R K R B AR 77
FEONEGRIN 75, RS AR HR . 18R
SEfabr T EEE I, (BHGE RS 9 Ty, KR I
KB AR TG i, AL A e TR AR
(Near Infrared Spectrum Instrument, NIRS) FA &Rk
Tt LR ATACEE H A 2 DifebrFp e in A RS, ©
B2 R TR A R 2F Rt S s V)5 £
I, BB AT EEE, peh i
WA IR BURBHA TG R AR, 456 PLSR A7
T PR SRR L R NI RG P 1) R, B R
4355 0.968 6. 0.9950. 0.980 7, SZHLFGHESHRALIE
YTk P T S35 ek OV P I i 3 AR 0 1 S
AT KA, FERHBUE LS G4 A 1A R s N
—IByE (Genetic Algorithms-Synergy Interval Partial
Least Squares, GA-SIPLS) #EATH KAk, HJaFIH
P e/ 1> IR (B V92 S B R H 2B B8 S TS
Rz, H RP4p 51k %) 0.989 A10.991 0. FfbA, sE
PUAT LT AR S 7K TP RS FE IR S PRI A I, B8 M A I
TR FETPTRS FE LK PR P &5 5 T A 2
S,

SIS R FH A LM LT A M S SR EE BOK ERE AL
W, KR ZH R XI&IER: (Monte Carlo Cross
Validation, MCCV) Zllirik & i) s W AE A B 5
N AR ER T IEX R KR AR OE B
FEHHMTIAE, Waief] iPLS-SPA J5idakt 4 itk iy
HEPE B ATIREL, B SEHIF iPLS J7ydt AT st Bk
5, FIRIH] SPA BIEXT BTk X [ EAT SRS % R I

312

MBI EE PLSR TR b FEAR R A BT
Mo G5 G TCREFOR TIPS b L T AR 2 )
JESL, RIS SRS BE R DU T I, LAY
MEZTAMG SOK BRI TR 525

1 MR5RE

11 AR5 A

BOKBE T AT IR A AL (9 R TR 55 K
FEG, MILRE 14 N REABBHT 2 50 R FESE, X5
IKFEA G B R R AT 7, R PR R —
UFE i, FETE REA RO 136 1.

12 FENBEEL
Matrix-F {8 B A8 400 20 A8 e i A 1l

Bruker 5] .
WikEiT: DE-120ET ZEHS BEMRAY .

13 ZBiE

131 FHREILHFEERE

T K R B R ) %2 B8 AE 5 bn E DB34A/T
1728-2012 {1 i 25 A B K R AR A 1K) 73 A 05
) PRIZRRNEIE . SUKINE & KRB Bl RS T
BEAR I 1o

RS / %vol

LI T / d
El1 #mKERE S ETHE
Fig.1 Changes in the alcohol content of yellow water
1A, BUKIER AR TS, X
TAEBSFE AR R, RRAY BTN BT AR P RS A
Ky KRBT AREIAIRER K > N UTARSER %, #K



MR BRI

Modern Food Science and Technology

2023, Vol.39, No.4

HRRE B AR AN T = BEE TR [RI 0, RS R
GEBIREAAR, FESTEMIRE . AL AR
KIS TR, HBOKIRS B e 23 AR E 1E 18%vol
o
132 imirslkitkE

SEHCTIH 1 h BIELTANEE S B P 1Y 5t
FHEIN 10 mL BKFES (REFERER KB 1), I
J B B AR ST 2T A A B KT e R AR,
FLAE A EIEE 5 KA OPUST.8 I TE I H ity o
W BGIAOEHEHIEE: 4 000~12 000 cm™; 433
. gcm?,

6
5
4
= 3r
R 2
=
1
0
_l 1 1 1 1 I | 1 l
12000 11000 10000 9000 8000 7000 6000 5000 4000

P/ em™?
2 [RIEYEIERURE
Fig.2 Raw spectral data

133 RELEHIEEX S

SPXY K43 57 R AR B PR B R AR AT L
PERIGy, AHECHAd R oML, AT DU A 7 5 2 4
], FLIgr 45 A e - R SPXY Ril4r 52 4% 136
ANTKFERL, 158 31 EeBI T R4y . BRIk
TRIESE SIGUFEEFEA 102 />0 34

1 SPXY BiERIS
Table 1 SPXY data division

Githsk BAME ROME PHME AEGE

RIEE 27.65 9.45 16.34 3.56

SUDIES 27.60 12.16 17.62 344

JE B BARYE R 50 5 I BARSREAT, RS
Ji Sk AR R, RMSEC M RMSEP SKi¥Afr .
1.34 AZAIFH

TEFE R A R, SRR EE L 20
PRACEE DI ALR B AR, WA AR RS IEZE AT B
R (RO, RIEAETHIRZE (RMSEC). TRINAER]
RARB (RO, TR TIRIRZE (RMSEP) X5
KR SR et T BT EERARAL, N 3R
TRMAE AN AR HE G R T 2

(1) FHAE T v 24K

W4 R A AT g th B S A Al
ML AOLRE, RIS 2 3 2 [AIA e T Fa b

TIIARE T TR R BOEE 1 RTINS A R T e
TR SCIME AR DG E SR e iy, AU RCRBT - TG
ETRAHHE AR AR 1R,

Z(yP,i - yP,i )2

R2=1- = D)
2
_ (yP,i - VP,i)
i=1
BN
R,? — TR R 2 4
Yo —— TR P AL RS TR
Yoi —— TR P A0 AR TURNE
Yo i ——TAM & & AL AR A-F 1A
(2) TRIEER IR R 2
RMSEP ] Tt £& Hh TN 5 SE A i 22 1
ITEER, TR T B S 5 TINME AR ZEF 5 AT
SFEOT TR, TSRS R 0], Ul A
RIFET A TRV E ek AR, TRINAR S AR R 22
AR, IR rh 2 Ak A TR RE 22 R, AR
SEPEERSS - TRINSE T iR ZE T A A5 2 P

N

Z(yP,i _yp,i)2 (2)

RMSEP = {2
N

K

RMSEP——Fi| 4 3 7 A% £ ;

N——FRR 4 BAC R AL
1.35 FAEKFE IR LR

(1) [HB@E BN M % (GPLS)

FFRHEN: B et T T X Akl 4y, It
BANEHH PLS [N, 15 A iR vh i
ANFTRI G X TSR (A8 L BGAIE RS T MR 25, 45 24X ]
{E R T A e iAC B AGAES A ARAR A, DRI
BOREEE T LRI AL, B R N X ],

(2) L5 BAREHERE (UVE)

I A BERLE 5 I PLSR A4
FAE A R BRI, KRR R AR AT
SRR, TSI PR RS, $R B B TR o

(3) IELHETE (SPA)

FON— PRI RERRERE 1S, REfEE I A
ROH RS SR SRR MR, PR A, $ETH
TSRS AR K R (AR, RS %
ANEAK R TC MR MR, % RMSE {Ef/MY)
] B2 R e H RHIE AT & . TR
IBATII R R EAWI I BN A ) R T — A
WK EITHRRY, AR K i S50
%, WENEIEATIN R BO R IRE B

313



MR BRI

Modern Food Science and Technology

2023, Vol.39, No.4

2 R

21 JH AR

FEEBOERET, AR R, DM IESE
SR GRIEARRL R B SR U0, ACsat R
SRR A XSRS I RARAEAS K o 1) S AT
AR, e ISR AT AR 57 ST,
I A HMERRHEZE RN, U A

5.5 T

st 1y, 4
45| .

HEEE T/ %

x
[ ]

2 4 6 8 10 1z 14 16 18
BEESE %

3 MCOV FEH mBIFRBIRE
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