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Abstract: [Objective] The city of Baise, located in Guangxi, China, exhibits a subtropical monsoon cli-
mate. The distinctive flavor of mangoes in this city is attributed to the unique combination of both cli-
matic conditions and geographical environment. Baise's mango is characterized as a small core, high nu-
tritional value and low fiber content, making it highly favored by consumers. Sugar content is an impor-
tant indicator of the intrinsic quality of mangoes. With the increasing demand for mango grading and
deep processing due to the improvement of people’s living standards, it is imperative to develop a sim-
ple, rapid and non-destructive technique for detecting mango brix content. However, most researchers
have focused on developing detection models for single species or classes of fruits using spectrometers
with low stability and weak universality that hinder the industrialization of scientific research outcomes.

Therefore, this study aimed to explore the differences in brix spectra and characteristic response band
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ranges among different types of mangoes using NIR-HSI technology. The ultimate goal was to establish
a high-precision detection model for sugar content in various fruits with Guifei mango and Tainong No. 1
mango serving as research objects. [Methods] The hyperspectral image data were acquired using a hy-
perspectral imaging system. A total of 327 bands of hyperspectral images were obtained in the spectral
range between 400—-1000 nm for this experiment. The digital refractometer that we used was a portable
digital refractometer PAL-1 from ATAGO, Japan. Measurements were taken three times independently,
and the average value was calculated as the reference value for soluble solids in mango samples. After
opening the original spectral image with ENVI software and extracting the original spectral data within
a pixel square 10x 10, the average spectral data of each region were manually selected and extracted.
Subsequently, MATLAB R2018b software was employed to perform spectral data modeling and origi-
nal segmentation of the image data. The multiple scattering correction (MSC) algorithm was chosen to
effectively reduce random noise in the spectral data, with its noise reduction effect being influenced by
the number of smoothing points utilized. Therefore, MSC preprocessing was applied to process the spec-
tral data accordingly. To model different types of mango brix values along with their corresponding
spectral reflectance as training data, we employed the KS algorithm. The remaining brix values and
their corresponding spectral reflectance were treated as test data. The PLS model can be utilized to se-
lect a smaller set of new variables that replaced a larger set without losing crucial spectral information.
This addressed challenges posed by overlapping bands in spectroscopy analysis. [Results] The analysis
of the spectral curves of different mango varieties showed that there were consistent overall trends
among them. Notably, absorption peaks occurred at approximately 509, 680, 857 and 963 nm wave-
lengths. In the red light region (680-750 nm), reflectance showed a distinct increasing trend with a
steep slope formation. Thus, the characteristic wavebands for mango pulp can be identified as the range
of 680—750 nm and specific bands at 509, 550, 680, 857 and 963 nm. Within the range of 500-750 nm,
Tainong No. 1 mango exhibited significantly higher spectral reflectance compared to Guifei mango.
Moreover, both fruits displayed steep slope formations in their spectral curves when sugar levels were
similar; however, these slopes occurred at different positions. Specifically, Tainong No. 1 mango's steep
slope was observed around wavelengths of 500-640 nm while Guifei mango’s occurred around wave-
lengths of 680-750 nm. Both varieties exhibited absorption peaks near wavelengths of approximately
680 and 857 nm, while similar trends were displayed in spectral reflectance within the range of 750-
1000 nm. The response of spectral reflectance to sugar content varied widely among different mango va-
rieties; nevertheless, a strong correlation existed within the red light range (600-700 nm) for all variet-
ies. It was found that precise determination of characteristic wavelengths corresponding to chemical in-
formation in mangos remained challenging, which may impact model accuracy. Therefore, this issue
needs to be addressed in future studies to enhance accurate prediction models for determining mango
saccharinity. Combined with the spectral reflectance data of different mango varieties, we can analyze
the effect of their respective band ranges on sugar content. The peak response was observed at about
670 nm with a correlation coefficient of 0.837, indicating the highest spectral sensitivity. Notably, the
CARS-PLS prediction model exhibited superior accuracy and reliability in predicting mango brix lev-
els. The regression analysis revealed an ideal correlation between measured and predicted values, repre-
sented by the equation y=0.851 5x+12.208 (R’=0.880 6). This relationship was further supported by a
slope of 0.851 5, an intercept of 12.208, and RMSECV=0.636 6. The PLS model constructed using
wavelengths with high correlation coefficients between brix and spectral reflectance in each band gave

better results in predicting mango brix. [Conclusion] Both the calibration set and the prediction set
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showed that the predicted values were very close to the corresponding actual values. The results showed

that it was feasible to apply hyperspectral imaging technology to detect mango brix. This study success-

fully employed NIR-HSI technology to analyze the differences in spectral and characteristic response

bands of mangoes with varying sugar contents. The developed high-precision detection model demon-

strated promising results in predicting mango brix. These findings have validated the feasibility of em-

ploying hyperspectral imaging technology for mango brix detection, with great potential applications in

mango grading and processing. Further research is warranted to enhance accurate saccharinity predic-

tion by precisely identifying characteristic wavelengths associated with chemical information in man-

goes.

Key words: Mango; Near-infrared (NIR); Hyperspectral imaging (HSI); Soluble solids content; Nonde-

structive testing; Spectral difference

] AT A R AR
W EFRME S IRZ IS % TTIEEEE S &
ST VPN AT S P o 0T ) B R AR, T E AT SR
WO 8] o % G0 IR 7K SR PR o A 0 7 A 2 4
W7 VER, R AR MK S 2R U B, M
PSS E o IXFIRIR K A b SN Ak 2 2 T RS
W77, I FE SR 2 )1 HBCRART , Joik SEL S i 78
LRI . B AR R R (PR R G 4 b
G AR R (NIR-HSD CL48 )32 N T4 72 i
i J5 B R T A5 RS I, NTR-HSI 1E Bk ke %2 i 5
SRS ZR G0 B PR MR R g SR S AR KT
AL &Y. BB ATEEKFRH RS,
X AT TR 3 R RIUARS R 0 T 11 22 SR AR R B vy D] B AT
FL— Pl ] B PR AR IR PR AT R AT A I R A A
R ARIR A L E,

[ A A EAT T oK SETEAUARS AR 7, At e 5
I SR G AT R T 2 0RE .. ST
FU T LLHR )R [ T4 S AN P 1) e A s il g
W, RIS T BEALAR AR (RE) 7 R R 78 T500 7 74
P T4 2 AR R TSR o R e ]
YRR )& & AR A 8E SR (GAD AL H BE
MURR AR Y, BAF T v B e R T 45 5K« Yuan
ORGPk RS AT AR E Y SRR T — Ak
AR SRS, B 7R S IR BIRE AR Y AL
rH (R AN S 1 B R PR FEE ) FH S 1 A2 8 Sk s B R
AT . AL, Seki FEOTF R T — AT AL A R
DAY HRORE B () 0, AR SR BT Al R A XU
RGIRME T HE WM. Gao S0 3 B AT A 1
] T4 Er R RE P AR AT T AT, RIH IR A0 A
ek SRS G B AL T 2R, DU

TR MR ER , 285 F 7R IX M5 v T 5 0
BIFE AT . )5 > Riccioli 25" N A HST i AR
X ) o B S 1 AT B A, 3R B T R R, LA
PAF SR YE A AT E . XL TR 1
T AR B ARAE K SR Te A I i3 77, DL R
AR 5 1B AR R S AT DA SE B 7K SR P 30 o =
{14 A 8] R v 28RS 5 3K g A 7 i ol 4% 1) R 7 3 M
DPEAE T =B T HA 7

SR, K 22 B0 70 2 ) FH DG A5k ) SR 288 it )t
A T R P S B AT B — S el —
KR A DU ASE R LR AR @ M 55 , A e B i
S IR R = A B R . 7EXF NIR-HSI 6 1%
P AT AL B A R, T LRIV (1, DA
T G L 2 M ) L, R A5l DN I A S P e v R H
(15 B R B AR, S8 S B B i 1t . DR b 2B 3
TEAT FE DA ST AT SR A & 4% 154 S R 50 5
Z R NIR-HSTHAR , i FEAS [F] i FpAT A [ a] ¥
P R T £ B 22 S SRR AR Wi N BT T Oy
SEAN[EZK AT I [ T4 2 2 vk P Aan AR Y B
et

1 PR

1.1 FCR#EFX

SEHS B AR A SR SR T P B VR X A
T B X I SCAT SR, SRS K/ 5T, To i U L
WA AR AR . SN T S E NIR-HST 5 A X AT ] 5 14
[P B P TCBAS I, XA RAEAR AT AR S, &
15 R yl~y150, ST ICAT R gl~g134, FiAFFE 24 h
Ja AT S U B SR, 28 5 1R AT o & S MEAS
F BRI SR AT B R AT R



51

IR, 35« T LL b iR TR (AT R AT I R R4 35 B o4 125

1.2 SHEEGIRE

GG BRI @ I E G R R R &S
B, = 6% B & St H 26 1 1) Headwall Micro-Hy-
perspec VNIR A 15 06 1% BAR A — > 300 W ) 1< 35
KM — A a = 6 AR K 1R e ke
73 21 )6 0 Y5 Fl & 400~1000 nm, 3R H ) = 06 0 K45
32T AP B BE 3-d EdE 707 Rk B DG E R4
&, BIFEAEARPIHETE G ) S H o EE. A

T B LA A RS L O R AR RO U R 4t
e HEAE B v 7 A — S e A, FERE AR R T 7
FON DTS MR BEAT SR FRLIE . FIARVEE FR AT
20 A S EAR L TG G R 35 50K B 21 B
S ER L EATRIE. WFLE EVF, RIE SR EIR
R AR I 6 UG TR DL A 34T A #e
I-1,.,

1 white £ dark

RI% =

%1005

|’§EN Halogen lampl | 4% Spectrometer

| J+B& & Lifting platform

0.9

0.8 |
807}
g
3 0.6 1
= 0.5
; 0.4 |
= 03} I /4
IR I

X028 4

B B 01 RS

Extraction of 0
spectral information 400 500 600 700 800 900 1000
_—

WK Wave length/nm

J 5 # Reflectance

700 800 900 1000

ot
400 500 600
P K Wave length/nm

Ko R Hoffs b3 Yo g o
Data Acquisition Data Processing b I CTE
ata presentation
1 SEiEREE

Fig. 1 Spectral acquisition map
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Table 1 Statistics of soluble solids content measurements of Guifei mango

A Kk B/ME RRAE FHIME brifk 22 A 2 A
Sample Number Minimum value/%  Maximum value/%  Average value/% Standard deviation Coefficient of variation
KRS 101 12.9 18.7 14.648 1.538 0.105
Correction set
TS 33 11.0 19.5 15.282 1.968 0.129
Prediction set
HARE 134 11.0 19.5 14.831 1.674 0.113
Total sample size
*2 ABR1SHRAALERISENNEER ST

Table 2  Statistics of soluble solids content measurements of Tainong No. 1 mango
FEA o RAME RKE FEE B2 5 R H
Sample Number Minimum value/% Maximum value/%  Average value/%  Standard deviation  Coefficient of variation
R IESE 113 11.8 16.7 13.903 1.201 0.086
Correction set
UES 37 11.7 16.8 14.235 1.341 0.094
Prediction set
HA SR 150 11.7 16.8 13.985 1.245 0.089

Total sample size
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Fig.2 Near-infrared spectrogram of the Guifei mango (A) and Tainong No. 1 mango (B)
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861.863.864.866.868.903.905.907.909.911.913.
963.985.987.989.997.992 nm.

243 A F UVE R BUFEE K it 4569 PLS &£ A
FE UVE By, DR 75 i B A g R AR e PR 20 R
99%1E R 5 b BB . Wil 7 B, 20 i h 26 AR 3Rk
AR B AR E AR A I il e AR R S AR B AR E

FasE(H
Stability value

PEAHE , PR 7KT- ki 4 078 = (1) e £ A (£28.74) . 1
LN NGB AN A G R . RE&ERT
36 MRFE A, A7 R UG FEUE 1 11.0% . 32 H I RFAIE
WK :416.421.433.460.492.531.533.592.594 .
597.618.622.625.627.629.635.646.648.649.657
661.664.666.668.670.679.685.794.826.837.857.

0 100 200

300 400 500 600 700

HSHH- TR R A B

Real variables-index-random variables
7 CRITAMEERYE =M UVE 5K KIEEL

Fig. 7 Selection of UVE features of mango soluble solids content
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