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Research on rapid identification of yellow rice wine-processing Ptyas with
different processing degrees based on intelligent sensory technology combined
with multivariate statistical analysis
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Abstract: Objective To identify the yellow rice wine-processing Wushaoshe (Ptyas) with different processing degrees by studying
the differences and dynamic change patterns of color, odor and nucleoside components of the yellow rice wine-processing Ptyas under
different processing degrees. Methods In this study, HPLC was used to determine the contents of the intrinsic quality components
uracil, hypoxanthine, xanthine, inosine and guanosine in the decoction pieces of the yellow rice wine-processing Ptyas with different
processing degrees. High-definition cameras and ultra-fast gas-phase electronic nose acquisition were respectively adopted to collect
the color and odor information of the yellow rice wine-processing Ptyas with different processing degrees. Combined with multivariate
statistical analysis methods such as partial least squares-discriminant analysis (PLS-DA), Bayesian discriminant analysis (BDA) and
orthogonal partial least squares-discriminant analysis (OPLS-DA), a discrimination model was established to distinguish the yellow
rice wine-processing Ptyas with different processing degrees. Results The content determination results show that the nucleoside
components of the yellow rice wine-processing Ptyas with different processing degrees change complexly, and the classification effect

of the model is poor. The OPLS-DA models established respectively by RGB quantization extraction of high-definition images and
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electronic nose odor collection are stable and reliable, and are suitable for the classification, prediction and discrimination of the yellow

rice wine-processing Ptyas with different processing degrees. Components such as ethyl acetate, 3-acetylpyridine, 1-penten-3-one, 1-

decene, sec-butyl ethyl ether, and non-2-enal may be the odor difference markers for differentiating the decoction pieces of the yellow

rice wine-processing Ptyas with different processing degrees. Conclusion The color and odor discrimination model established in

this study can be used for the rapid distinction of the yellow rice wine-processing Ptyas with different processing degrees, providing a

basis for the quality control and “judging the appearance and quality” during the processing of the Ptyas.

Key words: Ptyas dhumnades (Cantor); degree of processing; intelligent perception; RGB; ultra-fast gas phase electronic nose; quick

identification; uracil; hypoxanthine; xanthine; inosine; guanosine
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Table 1 Batch information for raw herb and yellow rice
wine-processing Ptyas with different processing degrees
AN [ 40 ) 2 FEE TS 1 R A PR
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T AH240722-1~5 AHBJ6~20 AHSZ21~35 AHTG36~50
1L75 JX240722-1~5 JXBJ6~20 JXSZ21~35 JXTG36~50
V9)Il SC240722-1~5 SCBJ6~20 SCSZ21~35 SCTG36~50
AH-ZH; IX-ILP6; SC-PU)Il; BIJEHIA K& SZ-GHIES; TG-
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AH-Anhui; JX-Jiangxi; SC-Sichuan; BJ-less processed; SZ-processed

i A i

products; TG-processed too much.
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Fig.1 Changes in traits of Ptyas during processing
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20 mL i, InEBAUKERZZIE, BE, Hk
JREWRE 4> B4 31.75 111.08. 46.16+ 93.69. 23.62
mg/L [IRA X B A, & H

222 HEHASERBIH S BUSHERES, B
350, BOMAKLZ 05g, WERE, BAEHBHK

o, RSEEINGEE4ZEK 25 mL, FREFE, %%, #
AL 30 min (Zh 300 W, #iK 40 kHz), HE
ZER, BREHFAMERENRE, By, Ed,
RIAS B VA T

223 4 Hedfera CisK il FE (250 mm X
4.6 mm, 5um); ViBNAHA 0.3%ME R /KIER-F I,
RV : 0~13 min, 1% EE; 13~28 min, 1%~
15%F %, 28~30 min, 15%~40%HEE; 30~40
min, 40%FEE; 40~45min, 40%~1%HEE; 45~
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60 min, 1% H % ; A& 0.7 mL/min; #3830 C;
HERER 20 uLs AR 254 nm.
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SR AE I TSR HE, 45 a0 A SR e
Y=35.037 X—1.429, r=1.000 0, ZZPEyuH 1.98~
31.75 mg/L; {RIMERS Y=37.378 X+0.931 9, r=
1.000 0, ZEMEVEH] 6.94~111.08 mg/L; FEFEN Y=
16.049 X+6.551 3,7=0.999 8, Z& M1 [ 2.88~46.16
mg/L; ALE ¥=20.386.X+0.806 1, r=1.0000, £k
JulH 5.86~93.69 mg/L; &H Y=24.555X—0.6987,
r=1.0000, £ 1.48~23.62mg/L; 45 R TR,
5 Pz B MG RN r HIR T 0.999 5,
W& B3 () A IO A 5 W TR AR E A 5
WEA RIFMZEMERR.
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Fig. 2 HPLC of mixed reference substances (A) and Ptyas
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Table 2 Detection results of nucleoside components in raw products and different degrees of processing of yellow rice wine-

processing Ptyas

. Sl SR B (ngg ") - bkl R S (ngg ")
PR RMERE JCOEIERS SRR DI O I JRmEE YORIER EEN I BT
AH240722-1~5 4 b 223.29 1258.03  287.60 1766.13 352.49(JX240722-4  MHIA K 688.19 91498 98245 636.92 312.71
AH240722-1 MR K 232.99 119073 292.69 1659.74 299.33 JHIEF 621.19 1196.59  749.68 714.63 283.68
JHES 26030 1298.06  271.47 1545.01 390.52 JHKIE 553.08 90836 847.07 554.68 261.79
JAHIARIT 231.10 1189.28  231.03 1610.40 249.37|JX240722-5  JAHIA K 50142  907.82 75422  646.42 234.38
AH240722-2 MR K 203.67 113223 245.03 1404.29 269.08 JEHIEF 599.27  918.57 1067.17 614.85 345.91
JHES 18126 1273.33  276.97 1998.85 319.70 JdRiE 358.07 85299 655.56  673.66 271.09
JHIRIE 247.04 125129 275.84 1530.89 280.81[SC240722-1~5 4= 44797 105650  607.64 902.65 318.81
AH240722-3  JEHIA K 182.01 1205.98  259.27 1364.19 250.73|SC240722-1  M#IA K 411.00 1080.93  588.36 1 144.92 330.10
JEHER 20579 1291.53 27458 1702.34 277.69 JEHIE T 427.87 1143.65  646.04 919.11 283.32
JAHIARIT 334.85 133376 371.25 1192.02 301.97 JEFIAIT 45129 97249 71470 726.15 277.54
AH240722-4  JEHIA K 337.95 1201.10  366.95 1388.15 369.19|SC240722-2  M#IA K 366.84 856.45  589.94 549.06 173.97
JEHDER 290522 1416.82  454.65 1546.79 332.09 JAHIER 556.54 1003.08 1040.28 885.56 245.54
JAHIARIT 222.90 124448 267.34 1349.52 290.14 JAHIAIT 46446 99128 70452 712.36 270.52
AH240722-5  JEHIA K 206.57 127643  274.10 1384.91 284.82|SC240722-3  M#IA K 378.02 939.02  531.16 632.10 177.32
JAHIES 225.70 1306.37  228.25 1659.48 299.59 JAHIES 455.68 114589  746.67 788.98 279.51
JAHIAIT 24086 1199.46  228.99 1610.41 287.68 JAHIAIT 480.89 1024.60 79623 788.81 290.83
JX240722-1~5 £ 655.68 94197  988.48 605.47 250.44|SC240722-4  JHHIA K 363.19 78615 47029 621.42 210.09
JX240722-1  MHIAR K 570.60  894.40 1038.13  663.63 263.82 RERES 413.01 107232 505.06  877.96 379.42
JHIESD 61223 105633 974.86  540.47 228.64 HHIKIE 473.60 111798 57421  759.96 296.65
JEHIRI 684.70 89243 1164.02 529.20 322.91|SC240722-5  JEHIA K 380.09 832.92  514.42 651.05 218.61
JX240722-2  JEHIA K 61542 87124 113895 506.17 194.65 HHES 54059 1054.02  687.19 922.42 355.88
JHIESD 594.18  837.69 119342 855.37 401.24 HHKIE 50592 1104.89  614.05 791.86 401.83
JAHIARIT 50148 986.51  904.95  630.23 254.95
JX240722-3 MBI K 697.65  952.53 1257.45 554.14 234.15
JEHIEP 62568 96231 1282.64 826.51 411.97
JEHI R 523.54 107849 114213 747.80 276.03
PAb R BRTY 5, JRiEiE MATLABR2024b #iffic  2.3.3 RGB D335 A2 OPLS-DA [X 43/ [ 4 i)

H RGB 5% EG AT R {H (468, red). G fH
(Zfth, green). BH (¥Efh, blue) $H2HL.

2.3.2 WSRO IR E B E AR RGB
EBR AR B ks, Pzl b, R,
P B RIRRIZE R, 2] 7B
W H i B ) PR AR A T 28, 25 SR DL I 40 3 ANAN [) 7=
1) 5 R B A A i () ) 28, R fE. G fE. B
SRR TGS, RPAREMBEITIRARR, 5%
UL 25 1) A 1) sk A A o 2 T 0 €0 3 AR R 1 A
F5ér. 841 40~60 min 5 10~30 min L%, FE&
RARBEARER, A I TR B 2 S (B TR
iR, 524 TRBENER—H, RAHRIERE
B J8H] 70 min J5, FESR A OBBARE, 5
PERFER AT .

PEREH S AR TUt— 22 uCR T SPSS 26.0
g 37 P ) 1) X DX 43 A [ A R P R 2 A
DU 3540 1) S — Fofr i - DU B0 1 S 1 70 2K 07
%, BT EREA R T AR FI MR,
MR S R R E P 25 R . o0 SR AR 4 4y
1) R A OB SR IR L, 455 S 3 R A
i et THE R ER Ry Gy BAERH)
JERH P<0.05, RWIHE I RAREER L, &K
) DL ) ) AR 3

WA= A R EE AR Ry G BERA®H
R, OB YERIRADN, MAX (Y wnn Y s
Y s Y sanonr) BT I )RR B DU R 3 R R
FEMZE] . DI o e g R s, AR
55 0 ) AN () A 7R ) 1 S ) A A 2 il Ry
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Fig.3 PLS-DA score charts of nucleoside component

content of yellow rice wine-processing Ptyas

94%. 90%H1 92%, T 3L I PR ) ) U HERf T 5E,
IFESRBOR AT, RENE FISRRIE X 73 A [F) Mo ) R 2 11
RS S PNy -S| Bl g e S N N i il
R S A B 0 AR R 2 5, 2R A
OPLS-DA AR AT WAL IX 22 5, OPLS-DA 1373
KL 5. OPLS-DA & —Fi&ia 1 IERfE SRIE
(orthogonal signal correction, OSC) Flffifx /) 3¢
[8] )9 (partial least squares regression, PLSR) f]Z 48
BT TE, B EEREE R OO 0y 5
NEARE (YD FH SBT3 MITE SR B IEAS o, AN
MERRICKEES, EHNZ R, HIAZE SRR
2, AR IR B BOR B A, RSB,
2 ) 22 S HO MR HT E

AT SRE 150 FERE S 2 At JHAS By M
W AR 4 R, IS A SIMCA
14.1 &b, BLR. G BAENRAR R, ARMEHIFE
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Fig. 4 Trend chart of RGB values during process of yellow

rice wine-processing Ptyas

#&3 RGB IIHHIEIR
Table 3 RGB Bayesian discriminant

P AR L4734 500 o B

TR A Y=44.439 R—1.723 G—12.205 B—2 843.237
JHIA K Y=44.769 R—1.919 G—13.900 B—2 717.906
HHE S Y=43.738 R—2.943 G—12.738 B—2 546.182
Hif it ¥=42.993 R—2.970 G—12.848 B—2 426.712

PN Y=26.732 R—3.635 G+5.191 B—2170.593
JHIA K Y=26.167 R—2.871 G+3.027 B—1 979.022
J & T ¥=25.850 R—3.510 G+3.102 B—1 865.930
JH K ¥=25.090 R—3.448 G+2.866 B—1 742.700

VIl A Y=17.920 R—7.131 G+5.879 B—1 348.050
b AR K Y=17.551 R—6.014 G+3.626 B—1208.960
k& Y=17.388 R—6.323 G+3.459 B—1 130.680
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Table 5 Potential odor compounds and sensory

information description of yellow rice wine-processing Ptyas
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