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SR N 0.3~0.5 nm, — KM 64 K (L 30 ). RH
WE S RS %, B CLF RS ST I 4

B Bk 2 €0, 2 0 3K ok 8 22 71 (CR-10 plus, Konica
Minolta, Japan) K 5E ., HIMBELE: L™ 1~100, a* N
—60~+60, b* A—60~-+60, JaU A Ik vb GUAT , P 8 A ]
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T AR : 8500 LA . SRITBIARMEIM L™ Ry 95, a*
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IR . LI ERRAE T, A BEILE Jy 0. 15 mm, HAZ
Sy 15 mm BRGS0 I 2040 635 a L 1Ca) TR
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T 0 A A R R A /N 36 5] 9 (partial least-squares
regression, PLSR)'™ V1 £ 55 2% 14 [8] 19 (multiple linear re-
gression, MLR)™RE BT, B3 # 3= 52 J2 i) B A0 56 R 8

(correlation coefficient, R) Fll 1) J5 i i% 22 (root mean square
error. RMSE)™ ", S i £ 45 4b #E 4K fF £ % 4 The Un-
scrambler X 10. 1(CAMO, Norway) fl MATLAB 2016a(The
MathWorks. USA) .
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Fig. 1 Schematic diagram of color data

measurement for Kiwifruit samples
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Fig. 2 Near-infrared reflectance spectra of kiwifruit samples

(a): S-G smoothing preprocessing; (b): Mean spectral curves during different storage periods
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Table 1 Sectional views of kiwifruit samples during different storage periods

5 different

. 1 Day 5 Days 8 Days 11 Days
storage periods

Profiles of

kiwifruit samples
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Table 2 Color features measurement results of kiwifruit at dif- Hawitg R
ferent depths during storage Table 3  Statistical results of pulp color at 0, 5 and 10 mm
Depths  Color ) o Standard depths in calibration and prediction sets
Maximum  Minimum Mean ..
/mm  features deviation Depths  Statistical Calibration Prediction
L* —23.97 —52.79 —37.95 5. 40 /mm values L+ o b L+ P b
0 a’ 2.68 —830  —6.31 1.28 Maximum —23.97 2.68 5111 —27.36 —3.93 46.53
b 5L 11 26.19 40. 81 4. 44 Minimum —52.79 —8.30  26.19 —48.16 —8.20 26.79
L —90.01  —42.38 —27.82 4. 80 ! Mean  —38.25 —6.11  40.85 —37.78 —6.68 41.26
5 . 0. 92 6.8  —3.90 100 STD 548 1.36 476 507 0.94 3.94
b* 46. 15 31.23 37.77 2.92 Maximum —18.84 —0.92 46.15 —20.01 —1.75 42.75
L —15.90  —d8.66 —27.07 7,00 ; Minimum —42.38 —6.80 3123 —35.43 —5.5 3512
10 o —0.61 530 —2.99 100 Mean — —28.28 —3.80 37.75 —26.44 —3.91 37.82
b 44,76 26. 01 35. 79 3.77 STD 510 106 3.07 343 0.79  2.41
Maximum —15.90 —0.61 44.76 —17.15 —0.61 44.30
o PEAS AL L H A O F0 10 mm B AN B %E W 8 35 AE Y A o - Minimum —48.66 —5.30 26.01 —45.04 —5.20 28.08
ZA BN, FUERERE 5 mm IR RN AR LR E . Mean  —28.18 —2.96 35.86 —25.52 —3.04 36.71
2.3 Z&:’M{%ﬁkﬁz&%éﬂ&kﬂﬁéﬁ%ﬁ#ﬁ STD 7.38 1.01 4. 04 6. 04 0.91 3.53
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B(L® . a® . b* ), R SPXY SIEHIR S * 1 24> bt I 55 W 3 o R A S o R ) VR 6 R 25 K B

(225 ABEAD B (75 R . bRk gy 0, JE s PRI B BUME 0 €5 7% S 1E XY b T S 6% 4
1 10 mm A S 0 B (. B (. T L e S PEEZ I BLABESE SPXY 1 b AR £ B
P 24 BT RBLH BB EE PLSR T D
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MEREARRE T 0, 5 Al 10 mm AL AR A EFFEIR L™ . a” 5 b
ARG, Ay BN R AN S @B PLSR AL, Jf H
DI AE s 9 DBl 40 Lo s ad s b0 5 Ls s ast s b5
Liys alys bl PAMEHEEST A PLSR BB A 45 R AN3R 4 FTR
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Table 4 Results of different PLSR predictive models

for kiwifruit color with different depths

Depths Model Calibration Cross-validation Prediction
, odels
/mm Rc RMSEC Rev RMSECV Rp RMSEP
L¢ 0.7551 3.6176 0.7407 3.7071 0.7327 3.5289
0 ay 0.7650 0.8863 0.7060 0.9748 0.7097 0.6199
b 0.8212 2.3738 0.8429 2.5805 0.7670 2.4486
L? 0.9036 2.1532 0.9101 2.1101 0.8442 1.8287
5 as' 0.9505 0.3289 0.8039 0.6304 0.7025 0.5248
b 0.8647 1.5423 0.8498 1.6188 0.7360 1.6235
Lo 0.8996 3.2335 0.8928 3.3357 0.8712 2.9275
10 afto 0.7379 0.6866 0.7343 0.6907 0.7531 0.6136
b 0.787 1 2.5110 0.7527 2.6802 0.7197 2.3039
ANFE 4 AIAR 9 AN E IR Y Y TN RS BT A AT . L A B A

BEREASR BT 5 mm 4k L a6 BEBRYAY Re {H HEAE AR
BT O 10 mm ALXFRERY L™ o™ o 0" BEALEY Re (K, Re
B 22 BE 4 /). RMSEC BE H % B2 XF iz 19 RMSEC {5 /).
YLWTER BT 5 mm BEHRAY (0% 2 85 i 20400 3% 5 8 0 i
SEHBETIROR WAEAEA SR BT 0 A1 10 mm Ak €4 22 48 45 B &

SRS R ROR AT BIVRRE AR AE AL L4061 5 2R N 5 mm &b
CEERR R . BT L ARtk AE A R B2 5 mm 4b 8 2%
Ly as, by BRI —BAF5.
2.5 BBRMRAEFHERKER

T IMARGE B A D TU AR G E R X A T A 5 e
R CARS HyL A UVE Bk R 21051 40 I KOG 35 32 BURRE
B, R OLAR R AR T 208 00 5 R N i e A A . AR
i CARS Bk, TERRBRBRAE A (A5 Lo Rk I 4 78 4 0 0k b
B, X RMSECV ik 2. 01 B, G & T B bk €4 L
FRAFE P KA 848, 871, 883, 1 184, 1327, 1 819 #2 134 nm
3t 33 A ML CARS SRR bk (i Lo FRAE B KW
O BRAE Bk SR A L R R AE P 32 2 4 A 78 850 ~
980, 1 150~1 280, 1 350~1 480 1 1 980~2 160 nm PU4~7l
B o AR RE ) 2 A X BRI B AR (8 R R AT a0 1 b5
AR AT R 2 . 43 A5 B 42 1 35

RJGia 1l UVE S5k, B HURRBE G SR R (0% Ly RFAE B
K, ke KA 842, 943, 1 027, 1 378, 1 695, 2 027 Fl
2 225 nm ZEI4t 25 4, KRAE K FE A fE 850~1 080,
1180~1 340, 1 220~1 440 FI 1 890~2 140 nm ix P43 [l
W. FHEFH UVE B, X BrppbREA PRI o F 07
FRAEPAC W HEAT L - 43 5145 2] 30 I 34 4,
2.6 BBEHRRAGERMNRNEIIMSN

BRI EZ T 5 mm RN @KL (LS, a5 b5 DG G
CARS FI UVE 7 F 5 1% 1 BRI R AF 9% K 43 3 4 57 9 PLSR
5 MLR #UM AR 455, 3 5 fis .

x5 HERRASmm RELEBFARBMNERBE R5 it

Table 5 The results of different models for predicting kiwifruit pulp color features at the depth of 5 mm

Color Calibration Crossvalidation Prediction
features Models Re RMSEC Rev RMSECV Rp RMSEP
CARS-PLSR 0.942 7 1.699 7 0.927 5 1.792 0 0. 8850 1.642 4
. CARS-MLR 0.948 2 1.618 1 — — 0.875 6 1.692 0
L3 UVE-PLSR 0.929 9 1.872 6 0.919 3 1.887 8 0.840 0 1.957 2
UVE-MLR 0.956 5 1. 485 4 — — 0.814 4 2.189 4
CARS-PLSR 0.914 7 0.428 7 0. 882 8 0.469 7 0.819 9 0. 465 8
) CARS-MLR 0.926 9 0.397 6 — — 0.806 1 0.478 6
@ UVE-PLSR 0.922 3 0.409 3 0.840 9 0.541 2 0.759 2 0. 554 6
UVE-MLR 0. 946 3 0.342 4 — — 0. 854 9 0.629 6
CARS-PLSR 0.923 0 1.181 3 0.897 9 1.284 2 0.814 6 1.436 6
. CARS-MLR 0.944 3 1.010 1 — — 0. 839 8 1.354 3
b UVE-PLSR 0.901 2 1.331 2 0.863 7 1.470 4 0.771 4 1.571 3
UVE-MLR 0.909 4 1.277 3 — — 0.782 1 1.570 8

X HER 5 FIF 4 KB 25 SRR AE P ISR B S i AR A
BERREEE L, o™, b7 ) BRI I A T 8K 32 0
TR E S T AR Y Re B35 3] 0.9 DL B xRy
ZHL; Frdtsr R A e, CARS-PLSR #8211 45 1E 280 R Al

TR 2 S et (TR 3 Cad T SR A 35 ag i A ST B R AR
H. UVE-MLR AR A2 1 A0 B EOCR LI 3(b) 15 7 2R
P b BT s KR . CARS-MLR #5& BY (4 3R £ 4
(B 3Ce)),
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Fig. 3 Regression plots of reference vs. predicted color features L™ (a), a* (b), b* (¢)
in calibration and prediction sets by different models
5 mm b @ P HE FOL B AT &, FI ] CARS #1 UVE 7 i
3 4 #® VS B SRR 19 B AE B4 . 9 2 3 38 F PLSR 55 MLR

T 208 1%+ R T A [ 0 5 s 90 2 A Ak A [l R
RROEFERNEN . R T BB FEA R EZ T 0, 5 A 10
mm SRR EEREL, o™, 07 MALIE L. LT PLSR
BESTEREAR R R 0, 5 F1 10 mm AL, a” s b7 ) Al
830~2 500 nm & [F P 4 3T £ 41 6 18 15 8L 1Y 4 1E 1500 A
BHTEEE S mm AL, as b )RR LT, 5T
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Near-Infrared Spectroscopy for Analyzing Changes of Pulp Color of
Kiwifruit in Different Depths

YU Ke-giang" **, MENG Hao', CAO Xiao-feng', ZHAO Yan-ru' *?

1. College of Mechanical and Electronic Engineering, Northwest A&F University, Yangling 712100, China

2. Key Laboratory of Agricultural Internet of Things, Ministry of Agriculture and Rural Affairs, Yangling 712100, China
3. Shaanxi Key Laboratory of Agricultural Information Perception and Intelligent Service. Yangling 712100, China

Abstract Kiwifruit is one of the fruits with strong development momentum and economic benefits in China, its pulp color has
become an important indicator for evaluating the quality of kiwifruit. Here, near-infrared spectroscopy was employed to study
the changes in pulp color in different depths of kiwifruit during different storage periods. In this study. the “Mute” kiwifruit’s
pulp color features (L*, a*, 6" ) in depths of 0, 5, and 10 mm under the skin wereviewed as the research object, the near-in-
frared spectroscopy (830~2 500 nm) was used as a technical tool, and chemometric methods were combined to analyze the pulp
color features of kiwifruit. By establishing a partial least-square regression (PLSR) model based on the full-wavelengths, it
found that the established model offered good results by using color features (Ls , a5 , b5 ) at a depth of 5 mm, which indicated
that the pulp color features and the spectrum data had a relatively high correlation. Then. the competitive adaptive reweighted
sampling (CARS) and uninformative variable elimination (UVE) algorithms were used to select the characteristic wavelengths
related to color features from the high-dimensional full-wavelengths. And the PLSR and multiple linear regression (MLR) pre-
diction models were respectively established based on the color features (L , a5 , b ) and spectra at characteristic wavelengths.
Results revealed that the CARS-PLSR model with the R0 =0.942 7, RMSEC=1.699 7, R, =0. 885 0, and RMSEP=1. 642 4
has the best predictive effect for the pulp color feature L;* ; the UVE-MLR model with the Rc =0. 946 3, RMSEC=0. 342 4, Rp
=0.854 9, and RMSEP of 1. 354 3 exhibited the best predictive results for pulp color feature a; , the CARS-MLR model with
the R =0. 944 3, RMSEC=1.010 1, R, =0.839 8, and RMSEP=1. 354 3 performed best predictive results for pulp color fea-
ture b; . The results demonstrated that the near-infrared spectroscopy technique would be employed to detect the color features

at different depths of kiwifruit, which provided technical support for the quality evaluation of kiwifruit.
Keywords Kiwifruit; Near-infrared spectroscopy; Storage periods; Different depths; Pulp color features
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