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Abstract: [Objective] Traditional chemical methods for assessing the storage quality of kiwifruit typi-
cally involve complex procedures and high costs, which may hinder their widespread use. These con-
ventional approaches often require significant labor, time and expensive reagents, making them less fea-
sible for large-scale or routine quality control applications. Additionally, these methods usually result in
the destruction of the fruit samples, which is not ideal for continuous monitoring. The complexity and
cost associated with traditional chemical methods create barriers for smaller producers and can lead to
inconsistencies in quality control across the industry. To address these issues, we propose a non-destruc-
tive testing method based on hyperspectral technology. This study aims to develop a reliable and effi-
cient method for evaluating the quality of kiwifruit during storage without damaging the samples, there-
by providing a more practical and economical solution for the kiwifruit industry. [Methods]) In this
study, 110 Miliang-1 kiwifruit samples were used as experimental subjects. These samples were select-

ed to represent a broad range of storage conditions and potential quality variations, ensuring that the
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findings of the study would be widely applicable. During the research, a hyperspectral imaging system
was used to collect hyperspectral reflectance data of these kiwifruits at different storage times. This data
collection included indicators such as titratable acidity, firmness and soluble solid content, which are
critical factors in determining the fruit’s overall quality. Hyperspectral imaging technology can capture
detailed spectral information across a wide range of wavelengths, providing rich spectral data that offers
insights into the internal and external properties of the fruit. This non-invasive method enables the as-
sessment of quality attributes without compromising the integrity of the samples, allowing for repeated
measurements over time. However, to ensure the accuracy and reliability of the data, multiple prepro-
cessing methods were employed to process the collected data. These preprocessing methods not only en-
hance signal quality but also effectively remove noise from the data, ensuring the precision and effec-
tiveness of subsequent analyses. The preprocessing methods used in the study included Standard Nor-
mal Variate transformation (SNV), Multiplicative Scatter Correction (MSC), first-order derivative (1st-
D), second-order derivative (2nd-D) and Savitzky-Golay smoothing (SG). These methods help correct
baseline variations, scatter effects and noise, improving the quality of the spectral data. Each preprocess-
ing technique addresses specific issues within the spectral data, such as correcting for light scattering,
baseline shifts and other interferences, thereby optimizing the data for further analysis. To select the op-
timal hyperspectral wavelengths for predicting kiwifruit quality, Genetic Algorithm (GA) and Random
Frog (RF) methods were employed. These algorithms are powerful tools for feature selection, and capa-
ble of identifying the most informative wavelengths from the hyperspectral data. By pinpointing the
most relevant wavelengths, these methods reduce the dimensionality of the data and enhance the effi-
ciency of the predictive models. The selected wavelengths were then used to construct regression predic-
tion models for kiwifruit quality indicators, including soluble solid content (SSC), firmness and titrat-
able acidity. The regression models utilized a combination of Support Vector Regression (SVR) and
Backpropagation Neural Network (BP) algorithms to determine the optimal predictive performance for
each quality indicator. These models are particularly suitable for handling the complexity and non-lin-
earity of hyperspectral data, as they can effectively learn from the intricate relationships within the data.
[Results] The study found that the combination of preprocessing and wavelength selection significantly
impacted the accuracy of the prediction models. For soluble solid content, the best model was 1st-D +
GA-BP, with a coefficient of determination (R?) of 0.903 and a root mean square error (RMSE) of
1.731, indicating high accuracy in predicting kiwifruit SSC, and reflecting the potential relationship be-
tween spectral data and SSC. For firmness, the best prediction model was 1st-D + RF-BP, with an R? of
0.900 and an RMSE of 0.879, demonstrating reliable predictive capability and highlighting the robust-
ness of the model. For titratable acidity, the best model was 1st-D + GA-BP, with an R? of 0.857 and an
RMSE of 0.225, showing good performance in predicting acidity levels and demonstrating the model’s
effective generalization to new data. These results underscore the effectiveness of the developed models
and the significant role of preprocessing and feature selection in enhancing model performance. [Con-
clusion] The successful application of hyperspectral technology in this study highlights its potential for
non-destructive quality assessment of kiwifruit. By accurately predicting key quality attributes such as
SSC, firmness and acidity, hyperspectral imaging provides a powerful alternative to traditional chemical
methods. This technology not only simplifies the assessment process but also reduces costs and pre-
serves the integrity of the fruit samples. Additionally, it allows for continuous monitoring of fruit quali-
ty during storage, enabling timely interventions to maintain optimal conditions and prevent spoilage.

This advancement could revolutionize quality control in the kiwifruit industry, providing a more effi-
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cient, cost-effective and sustainable approach to maintaining high standards of fruit quality. The ability

to monitor quality in a non-destructive manner also opens up new possibilities for research and develop-

ment in the field of agricultural sciences, potentially leading to further innovations and improvements in

fruit quality assessment and management.
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Fig. 1 Changes in hardness, titratable acid, and soluble solid content during storage of hybrid kiwifruit
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Eizp FEARLE Ko FieA SFE PRUEZE

Index Sample set Number Range Average value Standard deviation
AR R |45 5E Training set 80 4.300~16.200 11.161 3.338

Soluble solid content TR Test set 29 5.100~15.733 10.863 3.960

T Y254 Training set 80 0.435~9.900 2.677 2.646

Hardness TR Test set 29 0.665~7.715 2,057 2.077

T E R I 545 Training set 80 0.260~2.3467 0.954 0.478

Titrable acid content TR Test set 30 0.360~1.8133 0.867 0.473
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Table 2 SVR modeling results

izt JuBl=a Vapes RHESRE S IRES ® . R 24
Index Preprocessing methods ~ Feature selection Modeling method Model parameter
AL R R None GA SVR 0.632 2.144 c=50;g=0.152
Soluble solid content 1st-D GA SVR 0.834 1.405 c=52:g-0.998
RF SVR 0.776 1.850 ¢=94;g=0.604
i 5 None GA SVR 0.647 1.430 c=24;g=0.027
Hardness 1st-D GA SVR 0.831 0916 ¢=73:2=0.878
RF SVR 0.871 0.849 ¢=96;2=0.985
I E R None GA SVR 0.623 0.302 ¢=58;2=0.008
Titrable acid content 15t-D GA SVR 0.751 0.254 c=45;8=0.921
RF SVR 0.748 0.275 ¢=78;2=0.763

454 BP SUVAEE L R A TR A o S np v v [E A
i I S RN T S R R T A A SN X R
B B EAE A 45 A BP BV [ TR AR A , 7
REZE R R 3 PR

Sia 3R 2 MR 3 ATAG AT [E R Y S B
1 45 5 Ky 1st-D +GA-BP, R 5 0.903, RMSE A
1731 Bl B2 (1) S A0 9000 452 28 O 1st-D+RF-BP, R A

0.9, RMSE 4 0.879 ; 1 i 5& R 7 & 1 s LA 2L Ry
1st-D+GA-BP, R* 4 0.857, RMSE 4 0.225. AJ & P
I JE2 4 & T P R R O R A R ) v o [l A
TOUIN AR TN AE 5 S A A a1 7. 8.9 B
I 2542 AN T 4 1A ¢ RO AE 0.85 B |,
T3 AR AR 22 AR BN, TR AR 004 7 il 28 8 L, A A
TR o

#*3 BP EEHR
Table 3 Modeling results of different spectral preprocessing methods

st B P RS 5 LT 2 asp | PBH
Index Preprocessing methods Feature selection Modeling method Model parameter
LR EIENZ ey None GA BP 0.656 1.736 5
Soluble solid content 1st-D GA BP 0.903 1.163 5
RF BP 0.734 1.886 5
idis None GA BP 0.664 1.261 5
Hardness Ist-D GA BP 0.889 0.894 5
RF BP 0.932 0.621 5
] E R None GA BP 0.622 0.359 5
Titrable acid content 1st-D GA BP 0.857 0.225 5
RF BP 0.705 0.269 5
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Fig. 7 Prediction effect of soluble solids content
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Fig. 8 Hardness prediction effect

2.2 i Test set
2.0 [ R*=0.857 °

r RMSEC=0.225
1.8

16 [
1.4
12 F
1.0 |
08
0.6
04

HSH True value

3T O S|
00 02 04 06 08 1.0 12 14 1.6 1.8 2.0 22

THE Prediction value

E9 TFIEERRSETUNMR
Fig. 9 Prediction effect of titratable acids content

2
O L L n |
0 2 4 6 8 10
TRM{E Prediction value

A

2.5 _ YIZ4E Training set

| R=0.886
RMSEC=0.172 °

b 20 L SEC: 7
=2
«
>
215+
&
sl
B L0 -
K

05 r

O'O 1 | L | L | L | L

0.0 0.5 1.0 1.5 2.0 2.5
T {E Prediction value

30w

EF AL TR BB E DG K R 15
Rk TR E S B VR AT R S AT
R I, 3K BL7S 55 400~1000 nm %3 5 [ Y 300 4
BRI AA o B S R AT MR T
AV 8 TR 5 12 1) 5 25 M8 2 8 3 45 s = 9 e X
(ATAGO, H A 23 3 Y s il & 3R 4511, LA 33
EIENTTEHEFEEY S 'S HH. WENSEE
FE il GY-4 BUGE T GG , BESL 7R 1E AL
5 3 NI A CHERE 12000 , DU [] 1) 3 3 147 4%
JE 5 i = R P EAE AR S B E . (EH]
ViewSpecPro 1, 147 Bl U A Ak 6 3% JF: g B L
SFEE R HE . B J5 R ) MATLABR2023b £ i3t
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TRAL 3 77 8k R AT B 1 Ab 3 5 40 A, SR FH Bl AL
Bl (RF) L3 4% B (GAD FEBURFIE Y6 1 A5 2., [R] I %

BRI 2R B

BT B A1) 1st-D+RF-BP A8, 445
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25K FH 38 B Tt AL e Bk o 9 Ack B ' i 3R 4T
AbEE, B85 A RO RFIE e K AT I 32 , i 4k T AR AL ST
HRFE B 1 RS FE

3) AV R B 2 B AR AR AL 1st-D+GA-
BP, R*>40.903, RMSE 4y 1.731 5 i & {1 ¢ 16 79 0] A%
%14 1st-D+RF-BP, R >4 0.900, RMSE 4 0.879 ; 7] i
E R & B I B AY Oy 1st-D+GA-BP, R* ¥ 0.857,
RMSE 4 0.225.

22 Ek References:

(1] Bt s, X, MEE AL BOR A MRBL P B il . FRE 1

RN Ml A J DR il 85 ) SR [0]. R, 2023(2):
122-127.
ZHONG Manxi, ZHAI Shujia, LIU Wei, SUI Guoxiang, DUAN
Yuquan, LIN Qiong, TAO Xinliang. Current situation, problems
and countermeasures of the development of ready-to-eat kiwi-
fruit industry in China[J]. China Fruits,2023(2): 122-127.

[2]  EREREE, BESREN, AR, TR, R, ERE, 28, %,
FRWT DO . BRIRBEE TR SR & VEAT (], SR AR, 2022,
39(10): 1864-1872.

GUO Linlin, PANG Rongli, WANG Ruiping, QIAO Chengkui,

(3]

[4]

[5]

(6]

(7]

(8]

[9]

[10]

(1]

TIAN Fajun, WANG Caixia, LI Jun, PANG Tao, CHENG Xin,
XIE Hanzhong. Comprehensive trait evaluation for kiwifruit nu-
tritional quality[J]. Journal of Fruit Science,2022,39(10): 1864-
1872.

PR, wh, LA BT R BB BOR B A EE T[]
BAFSFF],2018,17(3):180-182.

LU Na, HAN Ping, WANG Jihua. Prediction on firmness of
strawberry based on hyperspectral imaging[J]. Software Guide,
2018,17(3):180-182.

MR, SR, RYTHE, Wk, 5, BRAR 4, 2200, 3
Tl L BT I LA e HOR BRI DR T
KEIT]. FA 24,2024, 41(1): 122-132.

LIN Jiaojiao,MENG Qinghua, WU Zhefeng, CHANG Hongjuan,
NI Chunyu, QIU Zouquan, LI Huarong, HUANG Yugqing. Fruit
soluble solids content non-destructive detection based on visible/
near infrared hyperspectral imaging in mango[J]. Journal of
Fruit Science,2024,41(1):122-132.

R BIES T G R AR BN 7 a0 S S B TE s
B FE[D]. A5 AR, 2023.

ZHAO Mingrui. Nondestructive testing of processing tomato
fruit quality based on hyperspectral imaging[D]. Shihezi: Shihe-
zi University ,2023.

R RS IR, R R, KT . T e g
BB A R b A FEE PR T (0], B i AL BB, 2023, 44(6) :
345-350.

SHANG Jing, FENG Shunan, TAN Tao, WU Meizhi, CHEN
Haijiang, MENG Qinglong. Rapid prediction for the firmness of
Guichang kiwifruit by hyperspectral imaging[J]. Science and
Technology of Food Industry,2023,44(6):345-350.

WL, TN 5, i . B0 PR IR JEE ) L T 5
BRI, A&7 0T, 2022(11): 66-68.

MENG Qinglong, HUANG Renshuai, ZHANG Yan, SHANG
Jing. Rapidly nondestructive detection for the pH of kiwifruits
during storage[J]. Farm Products Processing,2022(11):66-68.
LR, Wod , A SC, INAHT, 2 1B . 22 T s el R
RRRAEBE SSC AL IIBEFE[I]. PLFRAOL K224 4], 2023, 54(3)
318-326.

JIANG Fengli, YANG Lei, TIAN Youwen, SUN Bingxin, LUO
Zixuan. Detection of soluble solids content in Actinidia argute
based on hyperspectral imaging[J]. Journal of Shenyang Agricul-
tural University ,2023,54(3):318-326.

GALVAO R K H, ARAUJO M C U, JOSE G E, PONTES M J
C, SILVA E C, SALDANHA T C B. A method for calibration
and validation subset partitioning[J]. Talanta, 2005, 67(4): 736-
740.

RICCIOLI C, PEREZ-MARIN D, GARRIDO- VARO A. Opti-
mizing spatial data reduction in hyperspectral imaging for the
prediction of quality parameters in intact oranges[J]. Postharvest
Biology and Technology,2021,176:111504.

AREDO V, VELASQUEZ L, CARRANZA- CABRERA 7, SI-
CHE R. Predicting of the quality attributes of orange fruit using



226 S R S 4 Fa2
hyperspec-tral images[J]. Journal of Food Quality and Hazards (2):231-239.
Control,2019,6:82-92. [16] Fuzsd, 6558, 8 U, 1, i, 28 T et G
[12] FEFNS, Dyl , M, B 1 AR SRS Rk SRt s e BURh Ay (KR B R 95 400 23 A I (0. D6 2 5 il o)
VK S0 1) 240 [ B 22 3 00 o o A 28 B AL R ) 2 e A ), HT,2024,44(1):241-249.
AR 541k ,2023,37(3): 550-558. GAO Hongsheng, GUO Zhiqiang, ZENG Yunliu, DING Gang,
LU Linghong, MA Yuanyuan, GU Xianbin, XIAO Jinping, WANG Xiaoyao, LI Li. Early classification and detection of ki-
SONG Genhua, ZHANG Huigin. Degradation characteristics of wifruit soft rot based on hyperspectral image band fusion[J].
cell wall polysaccharides and differences in tissue structure of Spectroscopy and Spectral Analysis,2024,44(1):241-249.
kiwifruit fruits during storage[J]. Journal of Nuclear Agricultur- [17] GITELSON A A, KEYDAN G P, MERZLYAK M N. Three-
al Sciences,2023,37(3):550-558. band model for noninvasive estimation of chlorophyll, carot-
[13] ZEHaAs, PN, SRR, ETE | B4 AR IE T BB s £ enoids, and anthocyanin contents in higher plant leaves[J]. Geo-
AR A LR [I]. B R, 2009, 34(2):45-48. physical Research Letters,2006,33(11): L11402.
LI Yanjie, SUN Xianpeng, GUO Kangquan, WANG Ying. Com- [18] SPIER M R, WOICIECHOWSKI A L,DE SOUZA V L P,SOC-
parison of the storage effect on kiwi fruit between ozone and pre- COL C R. Production and characterization of amylases by Asper-
servative[J]. Food Science and Technology,2009,34(2):45-438. gillus niger under solid state fermentation using agro industrials
[14] F54, LR, A& LM 5 Hrdh i — R T XY products[J]. International Journal of Food Engineering, 2006, 2
AP TR A T S RE AR B R S D). o B R R R AR (3):1556-3758.
2016,46(3):208-214. [19] REL,™HTT, mE 25 . M 2O mEDGHE EHE BT
YIN Baoquan, SHI Yinxue, SUN Ruizhi. An outlier sample G I R A% Bk B [, VL PG ROk K 2 25 4, 2010, 32(6): 1297-
eliminating algorithm based on joint XY distances for near infra- 1300.
red spectroscopy analysis[J]. Journal of University of Science WU Yanhong, YAN Linyuan, WU Ruimei, YANG Yong. Nonde-
and Technology of China,2016,46(3):208-214. structive determination of sugar content in kiwifruit using hyper-
[15] k7%, BHE e, HAE X, g, EIFH AR IE R . 5T il spectral fluorescence imaging technology[J]. Acta Agriculturae
A PR SR AL FE GBI 5 VA T]. T BR A R 2 24 Universitatis Jiangxiensis,2010,32(6): 1297-1300
2024,55(2):231-239. [20] PR, BN, KHE , i . 0O A BRI FE 1) R I 45

ZHANG Fang, DENG Zhaolong, TIAN Youwen, GAO Xin,
WANG Kaitian, XU Zhengyu. Non- destructive testing method
for acidity of Nanguo pear based on hyperspectral imaging tech-
nology[J]. Journal of Shenyang Agricultural University ,2024, 55

KEMI[T]. A& 77 N T, 2022(11): 66-68.

MENG Qinglong, HUANG Renshuai, ZHANG Yan, SHANG
Jing. Rapidly nondestructive detection for the pH of kiwifruits
during storage[J]. Farm Products Processing,2022(11):66-68.

2024 FEMBEHERESR
9 T IR GO R 22900 1 S 5 5 5 B0, [ 8 30 b s S A BB, B R K I TR
RIS o A, S5t B3t o R R R e T B R I 2 = NS T, P 43 R AR T B R K, AT
P P8 1R 2 AR IR, 2 T DAL A7 % 1 S T 2 MR KRS o0 2 T 0 IR L BLPR 44 o

€173 32 YSIE OF
il £ & EHE EOB ERHRE
Jekdte x| #E XIHEE BT ATERE
R KEF FRD FE FHOL
A BRER EmKCE O SARE b
PRERL BODEN B2

ExRER ERE B B BYE AEE
o f@ fMEIT PN ke 5kEE
RN FHE B ERE BRI
mAE R W SR HIUEFE R

AT 2



