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Abstract: To address the challenges of obtaining starch and moisture content information from fermented grains during
the fermentation of light-flavor Baijiu and the limitations of traditional point prediction models, an interval prediction model was
proposed for measuring starch and moisture content in fermented grains during fermentation. Firstly, input parameters for the starch
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and moisture prediction models were determined through a comprehensive analysis of easily measurable potential explanatory

variables, such as physicochemical parameters of Huangshui and fermented grain temperature, using correlation coefficients and

least-angle regression. Secondly, a high-accuracy point prediction model for starch and moisture content in fermented grains was

established by optimizing hidden layer weights and thresholds of the extreme learning machine using a genetic algorithm. Finally,

four different Bootstrap methods were employed to estimate point prediction results, systematic errors, and random errors, thereby

constructing prediction intervals for starch and moisture content in fermented grains at different confidence levels. Results indicated

that, at a 99% confidence level, the interval prediction model based on the Residual Bootstrap method exhibited superior performance.

On the test set for starch and moisture content in fermented grains, the coefficients of determination for points predictions were 0.998 9 and

0.109 1, respectively, and the root-mean-square error for point predictions were 0.920 3 and 0.802 1, respectively. The prediction interval

coverage probabilities were 100% and 0.728 0%, and the mean prediction interval widths were 100% and 4.339 9%, respectively.

This study provides reliable predictions for starch and moisture content in fermented grains during the production of light-flavor

Baijiu, offering valuable references for production guidance and improving transparency in the fermentation process.
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Fig.1 Schematic diagram of five point sampling of fermented grains
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F LARS 757, 56 UE 78 76 ff R A% & 76 A AL i JD A1
JS BE /1 BRI TTRRIE . K TD AT IS AR TN Y, AR
R R NMANEEE, TESWMATEREY, H
SR 6 . 1B 6a Ay ID [H AR A 2 H ok A,
A DUE HTEIRAREIEE 77 RIS, TSP 7 iR ZE ey, 3
TEMRRAS Bl A ik b, i RE BN B1=-0.734 4,
£=0.129 2. £,=0.278 3. £,=0.110 3. f=0.678 8 ; Xl 6b
IS EABIHE RHOEARE, W LLE AR IE AR
72 R, TSP T R 2 e, WEEMRR R = WA A
HBak . LB R 5 0 A f1=0.538 4. B,=4.612 8.
£=-0.112 6. B,=-0.697 1. p:=—0.143 4. %45 % 9
JIT A T8 1E fife A0 B AE RS 2R TN JD A TS B A T
BRHAEH, EERERET, FRBBREHEET M
e, X L 1R R R AL B2 JD AT IS B E AR
&, WUE T HAHCH. SAh, 5 IS MR REUBAR
HS F1JW, A2z H 50 N\ S 85mil s R4 2, ke
THXNTHREREAER, IR AR E, LR
&K%, W LLIE HI. HS. HH. HD. JW /£ 5 &k
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SEFE JD RIS R AR &, B ID A1 TS P AR A 1
LTINS
23 HAREXS

FIF SPXY ¥, WFEALE D %M 4:1 19 befl kil 7
WIZREERMAREE, IREREARF 200 />, MHREEFEA
50 o MNFR 1 AL, SR AUK IR 73 A
VEFEE S TR ER A IE . IR RN
SEIME AR AE ZE A ZE BN, BN ZREE AN I 4R 1 £k
o —8, RasREes, A TRABENZ
i

F1 EERERTASRAEYSER (%)

Table 1 The division results of the starch and moisture sample
sets for fermented grains (%)

A0 AR HEE RME RKMA CRHME AREE

UEES 23.69 34.12 2794 334
MK L 22.98 33.41 28.01 3.31

Ay

Ik 60.15 7232 67.16 2.62
MK E 60.30 7143  67.04 2.87

Ko

2.4 GA-ELM & Tl A 2 3% B R 45 R 47

A TRUINASE R (1) J5T s X ) o0 e I 1 R e
BN EEIR BN SO BIR G, 2d 2 RRSRIE,
XF 1.2.4 F5 R TR GA-ELM £ J 0 R 750 45 ¥y vh 2 0%
BN JD M IS rUTIAE R B JE w2 oo N B A X
ISAE S Y5 431 10,501 [10,45],  B&Z M 48 J0 s
BRI E A H Sigmoid BR%, KR Z A A E 1) GA F-1
JEEIN[-1,1], FEEAUELA 150, o RERIRED 5N
80, 70, X XHEZF N 0.8, ALFHEHEN 0.2,

NG IE ELM A58 () Fo000 RS B, R FH A B/ — e
[8] U9 (Partial Least Squares Regression, PLSR). 37
i & #1 (Support Vector Machine, SVM). [l #l £k #k
(Random Forest, RF) 255k 5 H %, BwE 1T 10
DT 5 BUAME, 5 RA15R 2 Fion. M\ 4 Pl i v
&t KA, PLSR 7E JD Ml JS TMNKS & 35 8 i 2,
R0 IS T B R B AR AE B, R 0.875 6.
0.588 2, RMSE }y 1.175 0. 1.740 8, il ID #1JS 5
ff A B 2 [A) HEAEFRT ERL A 2 1 OC 2R, PLSR X ot 4 1A
R LR A 2 M AR LR 55 R . ELM ST 3K
PR & T RE /), (643 FAE D F1JS Tl BRI
e HeAth 3 Fh 53k, RPN 0.983 7. 0.904 7, RMSE
9 0.418 8. 0.877 3, T HAHX T SVM. RF &ML
SJEYE, ELM BRI, RS HikE D>, it
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SR FE TR, 0T 5 ) TR X ) 75 B LR T
FEARSRYE, ELM 72 @R ARG B B3 R

B m R R H % (Sparrow Search Algorithm,
SSA). a5 %E (Whale Optimization Algorithm,
WOA). FEUKMALH % (Rime Optimization Algorithm,
RIME). iS5t Ab 592 (Crested Porcupine Optimizer,
CPO) ST KT L S GA X FME G & i
EHEAT X E, B E GA FE AR AL JD A IS A5 T 0 A% Y
(ELM) B&ZAUE R B E LGB 4 B EE R R
FERUAR s R ARRE L B F- 08 [ 5 GA fk
FF—5, SSA 4 pf{E. WM RME. FREH s
SR B E N 0.8, 0.2, 0.2, WOA 12 jie & %,
B EBER B E N 1. 0.5, RIME W45 R, i
FEREpR A AR ROP K R E N 0.5, 095, 0.1,
CPO HBifil RE. bR R W E N 0.3,
0.2, 0.5, & 7a 1 7b 4374 5 FEIEAE ID 1 IS Tt
st N IR, AT G BIFEIEARHTI CRT 20
WO, HSHAh 4 NFEEM, GAMERE (BHR
w2 RIPRE T R, B A] DU E T A A
fift, G R S AE I AR TR R D R I AR AE 4 R AR
KA. I H GA S & 0E M I BAK T HAb &,
TER @ R X BRI SRR A,
A RS, AN G FRN R . RIMNEK 2 5
KRB, @ GA FUABAE K ELM, fE JD A1 IS il
A b ST g5 SRS ., R TIE S JD IS
A TRU S Y ) vy AR A BB LA 0] R, AHER T ELM
RIFRIAEFEE— B HETF, RN 0.998 8. 09129, RMSE
J90.111 1. 0.838 6.

* 2 REIEEENKE M ST E
Table 2 The point prediction accuracy on the test set for

different algorithms

D N
AR 4 AR
RMSE R’ RMSE
PLSR 0.875 6 1.1750 0.588 2 1.740 8
SVM 0.956 0 0.688 1 0.884 5 0.948 3
RF 0.971 8 0.5511 0.888 4 0.949 5
ELM 0.983 7 04188 0.904 7 0.8773

GA-ELM 0.998 8 0.1111 09129 0.8386
SSA-ELM 0.998 1 0.143 3 09108 0.844 4
WOA-ELM 0.997 7 0.157 1 09105 0.849 4
RIME-ELM 0.998 1 0.143 4 09119 0.8429
CPO-ELM 0.997 2 0.173 2 0.906 1 0.869 7
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Fig.7 The fitness iteration chart of different optimization

algorithms in JD and JS prediction
2.5 X[ M LR AT
ERREATNEN S EER, %8B 1.25
5 VR & B L FE ID AN TS BE AT X ) T, HoA,
Bootstrap T & #llFE X8 B % & 9 50, Block Bootstrap
EHR R K R E N 5, Wild Bootstrap 2 i HLAL

H A4 Rademacher 77 A7 2E B, AW 72 BT 4 HE 1 X (]
T J51ETE 90% 95% 99% —Fi B A5 N FIH X
[F) T 45 AR 3 FISR 4 Frome T b R 1Y T X
[E] f¥] PICP 2K T o0k B 1) 85 B, {2 Wild Bootstrap
R IS R A K At 1 T X [R] ¥ PICP,  £E 90% F
99% BAFEE EIRIBBIX—ER, 7350004 84%. 98%.
MEEAAGE R T LUE H, BEE B A B, MPIW,
CWC #<= Tt m, MPIW (K3 K — k£ #2 7 PICP, i
Wild Bootstrap %] PICP # K R A |- MPIW # K, &
B CcWC Wl 38K, HOKT MPIW {H, AIANiZTT
VAR IS T X (R AT EEME BN, AT HEIE.

FL4» 3 Fh Bootstrap J7 4 11 PICP 35 K % b B 15
FE, RPAT R TR0 X (E) 35 e i R IR 25, BR T B HE T
DU DX JB) P AT SEE AL, 3 T 45 X T (D37 B 32 40 BT,
it /2 7E PICP & K15 0L N MPIW R A fEl /. 1E 99%
BEET, W1 IDMISHKNG&E. MkE, X3
il J7 32 1 PICP 34 B A5 i K{H 100%, H: ' Residual
Bootstrap i ] MPIW 5 /)N, JD 43 il 24 0.646 2%
0.728 0%, JS 735N 4.241 5% 4.339 9%. {EF({LE
BT, MPIW ST /NEER, v LG BILE 90%
B {5, Block Bootstrap 2 [f] PICP 7E JD | Zx 52 il
MR 4 A HAS T 5K 100%, MPIW 1 Lk Residual
Bootstrap ¥4 1E 99% BA& & T HI45 R /N, {HH PICP
7 JS YIZREEAMREE FIFRIEH] 100%. LREFHE)S,
1#:4% Residual Bootstrap %1 4y Bootstrap H AT 17772,
NG HAE 99% B A5 B NI 45 RAE A KL 2 1D
F IS X BTN ) e 24 45 SR

% 3 AEEEE TIDMX EFHMER

Table 3 The interval prediction results of JD under different confidence levels

, 90% A 95% EAZ A 99% EAZ A
HAERE Bootstrap 7 &
PICP MPIW CWC PICP MPIW CWC  PICP MPIW  CWC
Residual Bootstrap ~ 97.5 04126  0.4126 100 04916 04916 100 0.6462 0.6462
Pairs Bootstrap 99.5 05016  0.5016 99.5 05973 05973 100 0.7856 0.7856
P %4
Block Bootstrap 100 05662  0.5662 100 0.6747 0.6747 100 0.8867 0.8867
Wild Bootstrap 98 04293 04293 99.5 05116 05116 100 0.6723 0.6723
Residual Bootstrap 96 0.4649  0.4649 98  0.5539 0.5539 100 0.7280 0.728 0
Pairs Bootstrap 98  0.5574  0.5574 100 0.6558 0.6558 100 0.8729 0.8729
MK
Block Bootstrap 100 0.6587  0.6587 100 0.7848 0.7848 100 1.0315 1.0315
Wild Bootstrap 98 04723 04723 100 05628 05628 100 0.7397 0.7397
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Table 4 The interval prediction results of JS under different confidence levels
90% B 95% B 99% EAZZ
L Bootstrap 7 &
PICP MPIW  CWC PICP MPIW CWC PICP MPIW  CWC
Residual Bootstrap 98 27656 27656 995 32952 32952 100 42415 42415
skt Pairs Bootstrap 100 3.8841 3.8841 100  4.6279 4.6279 100 6.0824 6.0824
Block Bootstrap 99.5 35116 35116 100  4.1840 4.1840 100 54990 5.4990
Wild Bootstrap 98 2.7820 2.7820 100 33147 33147 100 43565 43565
------------------ Res1dualBootstrap 96 29243 29243 100 34842 34842 100 43399 43399
- Pairs Bootstrap 98 42986 4.2986 100 5.1217 5.1217 100 6.7314 6.7314
i Block Bootstrap 94 3.7282 3.7282 98 44421 44421 100 5.8381 5.8381
Wild Bootstrap 84 2.8461 60.0123 98 33911 33911 98 44569 11.8052

% 5 Bootstrap-GA-ELMAREIFEJDANISTIK £ A s Tl 5 R
Table 5 The point prediction results of the Bootstrap-GA-ELM
model on the JD and JS test sets

D JS

B 4 A : :
R RMSE R

RMSE

GA-ELM 09988 0.1111
Bootstrap-GA-ELM  0.9989 0.109 1

09129
0.9203

0.838 6
0.802 1

I 2 Ty %€ 1) Bootstrap-GA-ELM & %4 5 JD 1 JS
TR R DX () TR 25 SR an R 5. K 8 Fior, WM 5
W, iR T IDEZ IS, KA Bootstrap 1 it [
TINS5 RS EE T GA-ELM 2L, R* 54 0.998 9.
0.920 3, RMSE }0.109 1. 0.802 1, XA SCIEH
(A R PR R R AR R ILE B R RS, H
RE B VA TR & B R TD RIS SR, AR 8 AT LL
F i, Bootstrap-GA-ELM #5254 ) 2 [ 00 X [B] fié 0% 4
JD A1 JS SEMME Hh 4 se S EN, X (A7 75 2k 3
100%, DX 18] %8 B A4, e )52 ID i) Tl X [~ 25
B R 0.728 0%. I, ASCHEH 1) Bootstrap-GA-
ELM [X [A] TR, BERT YK B2 JD F1 S $gfit—
ANECHAER ) & B TONE, SCREFR At —AN T FEPE ARG
W7 v A FOUM X (8], o] DA 8004 JD AT IS AT RE ik
B, BTG R e SRR, X (A 5 RO,
A HERE BRI, AR, PO DX TR R R ) A A A R A
—EAE R, a0 R R IR AR R X TR 5 3
K, FRBH TGN 25 SR 52 45K ) 3 BN s R P AR,
SER NS FEAR, X B 1% R BCE 3R B A\ S B A
Bl RS, Al J AR AR LGS A S 4
s AN 5 M DR 20T DX () 0 F T3

SR, A K Bootstrap-GA-ELM [X. [A] 1
DUARSERY, X VG TG AR 2 7K EE A A AR (10 2 AN 23 A
FRRRER, XX Fh/NFEAR R (200 MEARZE LD
&, AT REARLE E R, DR RUEIZREERM
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Fig.8 Interval prediction results of Bootstrap
GA ELM model on JD and JS test sets
HAT, T3 2 2 A e e T s e A AT 7K 23
B (1 R B TR AR A SO AR R e . B R AR IR R
B FE A 0,0 CO, WREMIREAE B E,
Tl B /I 3fe [ 4 ST A R I T A AT K o
P 0 B AR, AR N E 4 A K 23 ) RMISE 73 3]
N 1.93. 1.89. 1E5% HIEA MK 7 5 B B 0 A 22
AKREITEBL T, AT A X 18] P00 A A S A
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RMSE, VEMAIKS 3528 0.109 1. 0.802 1, FLixXFf
Fe g e PETIAR AR, oyt m SL TN 45 SR v 52 1,
X DA SR R e isk R I e K R 7K 2 5 B AN B A5 I

3 g

BT B B IR R B o AR v R RUK o A
BRI, A% 8 AU T PT 5 R AL B OB PR, AR
LA Bootstrap. GA. ELM %5 J7 vk NSt A, M & T
Bootstrap-GA-ELM [X [A] Pl A AL, X P el 4 v i i
K AR o3& s BEAT AT AD X (] F0 . i Spearman
FHR R ECFT LARS ZR& 70 KL, TG Ve f FK 73 5
FOKWRERE . pH. B JEBE. JEH LRI G E T X e 5
TP LE R AL 2 LT R B A DG, HX B9l
TE fiA A5 i 35 70 T I S 0 R0 /K 20 RS TR 0 R g b o 4%
TER, Wonrk AR AR AR S AR, AR T
B B K AR 43 B D (Al AR AL T AT 1 IR
GA-ELM ZE 2P s e F A K 23 2 By T B 2, %of L
R HLAE R FURS B, ELM A% T PLSR. SVM,
RF S5 B A8 22 S FE A A R, DL GA
TEMRAL ELM B2 EBUE A BIAE b, ST S AR 42
MIASEBUR B i . SRS FIH 4 Fh Bootstrap J7 2 #)
72 DX i) 0000 A 2R A R T 45 SR AT HEFE, A\ PICP,
MPIW. CWC =M 45485 53 1% H % Bootstrap
JHERI X (A TR, S5 RRITE 99% BEHE T, %
T Residual Bootstrap /7 7244 & [ X [H] T A Y, ANH
HAG U (0 ST AL, RO X [R] 2 T AN
gEIR, RSB RS TR A K 2 S A 58 A AR E N
Forr, TEVEESER AR M b s RS FE 43531
R’=0.998 9. RMSE=0.109 1, R’=0.920 3. RMSE=0.802 I,
T X 18] () PICP F1 MPIW 43 51 A 100%. 0.728 0%,
100%- 4.339 9%. A< C#2 t 1) Bootstrap-GA-ELM [X
E) PRI RY, Hg AfE DA B e 50 B S s R ALLAS B e i Ry
AP EAG TSR BE I T 45 5, AT O TE A B R I AR
WEE R AR & EE R RNRESET B, N
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