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Abstract: Kokotireke grapes, a geographical indication agricultural product in Xinjiang, exhibit the challenges in uneven
quality grades and geographical indication adulteration in the market. The visible/near-infrared (Vis/NIR) spectroscopy

technology was innovatively employed to perform the quality prediction of Kokotireke grapes and geographical indication
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identification in this study. Kokotireke grape samples with geographical indication and non-geographical indication were
collected, and the spectral data, soluble solid content (SSC) and titratable acidity (TA) were measured. Subsequently,
different spectral preprocessing techniques combined with the partial least squares regression (PLSR) to construct quality
prediction models and partial least squares discriminant analysis (PLS-DA) geographical indication identification models.
The results showed that different preprocessing methods exhibited a significant effect on the model performance, and the
SG-LBC-1stD had the best preprocessing effectiveness. Specifically, the determination coefficients (R*) of PLSR model for
SSC and TA prediction reached 0.9361 and 0.9478, respectively, and the root mean square errors (RMSE) were 0.3362 and
0.0368, respectively. Additionally, the PLS-DA model can effectively distinguish the products between geographical
indication and non-geographical indication, achieving the identification accuracy of 0.928, R*, of 0.828, R’ of 0.621, 0" of
0.553, and AUC of 0.980. Overall, this research provides a rapid, online, efficient and non-destructive quality prediction
and geographical indication discrimination method for the Kokotireke grape industry, which is of great significance for
ensuring product quality and avoiding the geographical indication adulteration and also offers the reference for related

research in other fruits.
Key words: kokotireke grapes; visible/near-infrared spectroscopy; quality prediction; geographical indication product

identification; spectral preprocessing; chemometric modeling
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Fig.3 Raw spectral diagrams (a) of all grapes and the spectral diagrams after preprocessing (b~i)
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Table 2 Results of the prediction set of the PLSR prediction model for different pretreatment methods
A EE 55¢ TA
n { - -
R} RMSEC Ry RMSEP AR RS R} RMSE Ry’ RMSEP R R

SG 0.7181 0.7084 0.9102 0.3985 1 0.8913 0.0559 0.8621 0.0598 2
1stD 0.7632 0.6491 0.5757 0.8662 4 0.5545 0.1132 0.6674 0.0929 2
Max Nor 0.7896 0.6119 0.8031 0.5901 5 0.6974 0.0933 0.8121 0.0670 3
MSC 0.6807 0.7539 0.7280 0.6935 5 0.4193 0.1227 0.4193 0.1227 6
LBC 0.5762 0.8686 0.6232 0.8162 4 0.4703 0.1234 0.6273 0.0983 2
Max Nor-LBC 0.7174 0.7092 0.7825 0.6201 4 0.8370 0.0685 0.8386 0.0647 2
Max Nor-MSC 0.6807 0.7539 0.7280 0.6935 5 0.7592 0.0832 0.4193 0.1227 6
SG-LBC-1stD 0.9076 0.4056 0.9361 0.3362 2 0.9433 0.0399 0.9478 0.0368 9
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Fig.4 Scatter plots of predicted values versus observed values
in SSC (a) and TA (b) for the training set and the test set after
SG-LBC-1stD preprocessing
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Ui I e K AL B S B 5 T AR (-5 B T 0T HL
R MOGTEEERE PR BCE 2 {E 2. SN BRT
SG-LBC-1stD, HAb AT A AR T AR R A4
PERE. g5&1E 3, S AL B T SIS T 40
SR, RIERECHE I, $m TR RS | AT IUAR
{5H.. MR T MSC #1 LBC HtHS(E 3c. & 3d),
U % B G 3% B0HE BN B B el AR, X PT B 4%
FECEBPE RSB B . X TA F, #5- kb
A 2 I AR FIZE SR . SG-LBC-1stD [
Ry> 24 0.9478, RMSEP *} 0.0368, fiefEHZEEHh 9.
SG TiALERAY R,* 27 0.8621, RMSEP 2 0.0598, HefE
KIZEBCH 2, x5 thix e 2%, & SG-LBC-
I1stD FiALBE R,? B & T SG FiALBHR, {5 A A+ 4t
PORSALAE TA T XI5 ) fe R ) s i, I
H 250, B s T TR LA R R, Bz
1HRE J1 50 o

Ko i I FH 1 AR AL B v AT R R P
SNSRI R, 3K 2 X FHUMIASL AR i P Ry A S 2 S
1 AR BOIEFE R, XFT 0] W/AT LT AN 5T, G5 R
FHF 1 bR fEA AR &5 & 09 7 . SNV Al SG
J: MSC TiAb #4542 75 T PLSR B BIXF A A7 Fil
ZUOST PRI o T TI A A o

ZEAXT SSC Al TA MITIIARLTY, & SG-LBC-
IstD TACE S RS BRI Be At . 53 40, %P SSC Filfs
7, >R SG b3S Gig 5 SSC Z R 28 T 1RG4
FILRPESC R, IXATBESE T SG AR HHyE /> T 6
7 . Jiang ZECO PR IL/ATLTANGRS, BT HLasE >
P SCEL T XA A% SSC Al TA & i I FELR Wa i, AH
A5 AP ST AT FE IS5 SR . PLSR AEAIRENS
PEHLS SSC MSemy R4 IR B, X2 EILek Mk
B R Ao, Rehid B e (E T 6
Jio IERGntk, PLSR ALY Bk 43 MG 55 7K SR Tt
MR T H . N, A2 3 25 PY /%) SSC B, SR H
LT MSC Yt iy PLSR 7Y, 15 3] ff the g R R?
7 0.88, ¥ 7 MR iR 22 RMSE 2 1.04. 1] 76 T i 3
ARCY W) SSC B, i 3L F IR 4R 15 ) PLSR 514,
BT A5tk i R E0 R? Sl 0.860. 177 #Ri% 25 RMS Ky
0.201. XEEHFSEEAESE, Joiefal Fhzk SRISH DL Kt
TETIALEE 75, PLSR BB AT L Fe 404 ml Il/in
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LIAMGEE, LAMER T SSC, 33X — WS 7EAS SCIIRIFSY
o S X A AT AR B T 3E— 2B 5 E . HAth SR A
PLSR FEHEIXS TA A TR, AHXF T RE 22, an g2
T IR AU 35 SNV 4b 3 J7 15 11 PLSR AL A, %
TA FIFMZLR R? XN 0.842, {HASSCHI SG-LBC-
IstD FEAIXT TA IR AT, 7] BE S P A 3 it
AP Ty 2 K SRR G A3 Bl R AR
24 FEIFCIEF AR e Sk e B R IR S M
IRBIEE M BE AR

PLS-DA J&—Fha MBI gt ik, &
38 8 3 AR AR R (X)) 5 AR R (Y) AR S iR
Ak, MITTEEST A2 Hok O FAE Tt k%
AR S EBAR S, A 3R AT AN [RIZE A AS (Can b,
PP S AR AR ) o & S A FHAS [E] A BE G
15 1E1T PLS-DA BLAVEREL S, YEA T bR -5 Ho bR ™
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Fig.5 Missclassification tables of the PLS-DA model
established with spectra after different preprocessing
7. a: 1stD; b: LBC; ¢: MSC; d: Max Nor; e: Max Nor-MSC;

f: SG; g: Max Nor-LBC; h: SG-LBC-1stD,

X SG-LBC-1stD i 4k # 5 B4 56 1% A9 PLS-DA
ABEPELT 43 M, AN 3 TR, R N 0.828, R’y N
0.621, O° 2l 0.553, ¥J KT 0.5, BB S 45 L R U7,
&l 6a SIRMEFLREIEE AL, AT AIHAR 7 5 5 R AR ™
AR REAAT B 0y B R . @ T AE) SRR RN
E 55 MR A PLS-DA ASRI XM 88 HEA 77 Hb )
P, ST = Hb 22 8] R 53 B R

F 3 REFALI T PLS-DA TR R FI 4 45 51

Table 3 Results of the prediction set of the PLS-DA prediction
model with different pretreatment methods

Ak B 5 i Ry Ry o PUIMERF  AUCH
SG 0994 0271  0.231 0.736 0.826
IstD 0.522 0254 0.229 0.768 0.818
Max Nor 0.619 0205 0.189 0.776 0.794
MSC 0287  0.148  0.094 0.696 0.740
LBC 0.735  0.197  0.179 0.696 0.781
Max Nor-LBC ~ 0.795 0206  0.192 0.680 0.786
Max Nor-MSC ~ 0.287  0.148  0.096 0.696 0.741
SG-LBC-1stD  0.828  0.621  0.553 0.928 0.980
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Fig.6 SG-LBC-1stD pretreatment spectral PLS-DA score plots

(a), model permutation test results (b), VIP plot (c), and ROC
curve (d) for products with and without geographical indication
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