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Abstract: Objective: To reduce the influence of transverse
diameter of Mandarin orange on the prediction of sugar content,
Methods: 132 citrus were divided into three groups according to
transverse diameter: small (65 ~ 70 mm), medium (70 ~
75 mm) and large (75~80 mm). After collecting the transverse

diameter spectrum of all citrus, the spectrum information and
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transverse diameter information of citrus were synthesized by
spectral transformation algorithm, and the spectrum of different
sizes of citrus was converted to the same transverse diameter
datum. The pre-correction and post-correction spectra were
respectively preprocessed, divided by target symbiotic distance
algorithm (SPXY), screened by competitive adaptive weight
sampling (CARS) and selected by partial least squares regression
(PLS) to establish the sugar degree model before and after
correction. Results: The prediction set determination coefficient
(R$) was increased from 0.790 to 0.821, and the prediction set
root mean square error (RMSEP) was decreased from 0.489 to
0.443. The middle fruit spectrum was modified, R% increased
from 0.801 to 0.845, RMSEP decreased from 0.460 to 0.422. Rp
increased from 0.820 to 0.863 and RMSEP decreased from 0.431
to 0. 393. Conclusion: The spectral correction algorithm can
reduce the spectral difference caused by the transverse diameter
and improve the prediction accuracy of the model.
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Figure 1  Spectrum acquisition device

5 0o A AR 5 375 S Y O 4R Bk T AR v BB A G OB A R
B i % 7% {% (Ocean optics Maya 2000 Pro %I, 2% [
Oceanlnsight 22 #]) , Wi Jij i Y5 [l 4 350 ~1 050 nm, 43
AR 1.5 nm,

HEAEAPOLER BRI A0S i & 1 8 G AT
AR, FTHF i Z AT, WA 30 min J5 R R UK L5
ZILERVE N S OGS L BCRAERE G5 . 4TIF Ocean View
TEL R AT B B[] B 80 ms, H PR K 5,
WL 12, W AR IF5 09 IR AR I A 1S 48, %
A0 S L (0 R 2R AT A O 4 I IR A JE o R
W REF— IR RSB . N TR R
MRS g — NI RBE AR R 4R 3 OBk, SR 5 T3
JCIEAE RIZ IR AR OG1E ., B DRMARET 2 068
B BT L R T O PR 0 A MR L AR 22, Bt R A
550~950 nm I Bt 1G5 R AT 41T .

1.3 REMBEFE

JEAE IR P AT 1% f i B R CRSEE ) Xk
FWAER 4 M E, W 2 Fra, ot B 7E 524 3K
SR 1, SRR R MR d OB EMA T, I 51,
Z I R R R (D,

I=I,exp(—u.d), (1)

KT HEAT ST IE L 8 X (D #E AT Log 28 e, 45 F
L2

Inl=Inl, —u.d, (2)

Favi; L

K 2
Figure 2 Position of I, I,, d

I.I,.d 1z &



F&M | Vol.40, No.5

d—r BB OEA S S A EE B, mm;
o F B0l R B AN R R A Y

HAERBAFD .mm ™

To—MIE AP 5L 3R 1 B Y 5 1

T—XF RERE d I B3 S G IR A

AT 78— AN SRS U, QRN T A SR E R d) b
BRI GIR 1) LA R AR o, A B SE 658 1., D0 Fy
KEXO AT LB B BAFEAR B R RERX, W
K FiR,

Inl,=Inl,—u.d;
s (3)
Inl,=Inl,—u.d,
Sl LIRS .
B _Inl, —InI, W
Ue. — d\*dg )
K.

di—RITNE LY AGHREE  mm;
d,—RTNE A AT ERE s mm;
I — ABHREE d bh B G 1H 5

I, —/\ET T“d LE’DH%{E
GREmm ™,

WA R T2 2 R SL R kiR, W g Bt
RMAFEERN A RLHER, e BERNE—HHY
DS (BSE = 4 S0 NI R Y I G DA o1 B A

E—RLWMEE N d, , XTI B SRR 1. 18
FAZCE) BT LR M i A RS 08 7 700 O R 4L

B0
—u. = E— (5)

A
dr—Z AR, mm;
I —FEA ¢ B IERT R LA

d;—FA& i MRLKNERME) , mm;

JELX]LJC(J)LHJE BAAEKX ), TLEFIHEL
REBOCRE B R SR T/NE OIS B E,

I/ =expl—u.(drx—d;)+Inl, ], (6)

K.

dr——Z B AR M FEARME . mm;

I.—ﬁzts | 4G TE I A O 9R 0 5
5 0GR

dzAﬁézl—‘z B 5 K/ (B2 H) » mm 5

R Emm ',

1.4 FEARTREE RS NE

R EAR 5 W B 43 R B IE A b kA, i

FHF-BAE T LRI I . o 8 4 0 1 T 3 B2 Dol A 4%

# % BT RIETRE RN R EEZ KM S @& LS

IS A R v X 0 45 2R AR, R R L SR
PAL-1(Atago Co.Tokyo,Japan) . i JH#E/KbrEZE S )G,
THBREA T W T BT R RS P9 . 5 — DR A 2 2
i3 BT S {EAE A W B Y 2 .
1.5 HiEfESSH

WE 3 FiR X8+, i i Excel 2019 3k 7766 56 3% 40
e P SR . PR K S R I AR
BB S BT E Matlab 2016a 47 RAECHE 40T, 0 S
A KX N 2 % AR i FH (5D TS R HE AR AR 1
R R B B R 6 B A IR A B E SR
B B OG5 8 EOLE 0 0 2 55 28k b

AR,

S| [SPXY] [ 45 [PLSR
abgn " ek ke b
E S ] [
L[ [
HEWE "Dessd Exi

A3 KRS AALR

Figure 3 Flow chart of data processing and analysis
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Figure 6 Average spectrum before and after correction
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Table 1 The original and corrected spectra of the small isocarpous at A=199.583 nm

K5 Bi4%/mm JE IR G & TEDGRE s fi4%/mm JE B B IE G
1 67.5 139.495 145.203 20 69.3 143.650 147.341
2 67.4 140.820 146.702 21 68.9 143.895 148.076
3 69.0 142.240 146.253 22 66.2 142.235 149.639
4 68.0 139.660 144.781 23 69.0 143.230 147.271
5 69.0 142.155 146.166 24 68.4 145.060 149.887
6 68.1 140.905 145.952 25 67.4 142.155 148.093
7 68.2 141.905 146.867 26 66.3 142.565 149.863
8 67.2 141.075 147.208 27 68.5 143.320 147.968
9 69.8 141.820 144.870 28 68.2 141.320 146.262

10 69.0 139.745 143.688 29 68.6 143.650 148.188

11 67.2 143.395 149.629 30 68.5 144.645 149.336

12 68.1 141.735 146.812 31 67.5 144.895 150.824

13 69.4 141.740 145.263 32 67.4 142.320 148.265

14 69.1 142.985 146.899 33 68.6 142.980 147.496

15 69.4 141.405 144.920 34 67.0 142.900 149.357

16 68.6 142.485 146.986 35 67.2 142.565 148.763

17 67.5 139.410 145.114 36 69.2 143.650 147.462

18 67.6 142.155 147.851 37 67.7 141.905 147.470

19 68.4 140.740 145.423

F2 MERAEA=199.583 nm MR E SEENE

Table 2 The original and corrected spectra of the middle isocarpous at A=199.583 nm

¥ 5 Hi42/mm JE R i (H B IE LT 5 W42/ mm JE U G (H 18 TE DGR
1 71.0 142.900 142.683 20 71.2 144.560 144.371
2 71.8 143.900 143.806 21 73.5 142.900 143.070
3 72.4 147.060 147.060 22 74.0 147.720 147.976
4 74.0 146.730 146.984 23 71.2 145.400 145.210
5 71.4 144.560 144.403 24 70.5 142.570 142.276
6 71.0 142.900 142.683 25 71.0 143.900 143.681
7 74.6 141.240 141.577 26 70.0 144.570 144.193
8 72.7 143.070 143.116 27 71.2 144.570 144.381
9 70.2 143.730 143.387 28 70.2 147.390 147.038
10 70.8 144.570 144.319 29 73.5 142.400 142.570
11 73.6 144.570 144.758 30 73.8 147.560 147.784
12 74.5 142.740 143.065 31 72.0 146.390 146.326
13 72.8 145.400 145.463 32 73.3 143.400 143.540
14 73.6 141.900 142.084 33 72.0 142.570 142.508
15 70.0 144.815 144.438 34 73.6 144.900 145.088
16 73.5 145.560 145.733 35 70.6 143.400 143.120
17 72.5 142.570 142.585 36 73.7 143.900 144.103
18 72.5 143.900 143.915 37 70.6 145.730 145.445
19 74.2 144.900 145.183 38 72.6 143.900 143.931

117



118

iz 5 R # STORAGE TRANSPORTATION & PRESERVATION

BE2718 | 2024 F£5 B | RSG5V

gk 2
5 B4 /mm JE IR G A B IE A 553 fi4%/mm JE IR A (NS RL(E
39 74.2 143.230 143.510 50 72.6 145.060 145.091
40 72.2 144.070 144.038 51 72.5 147.720 147.736
41 71.4 143.570 143.414 52 72.8 147.230 147.293
42 71.2 145.230 145.041 53 70.5 145.900 145.599
43 70.4 143.400 143.089 54 70.5 145.400 145.100
44 71.3 147.390 147.214 55 70.2 146.230 145.881
45 73.5 144.900 145.073 56 73.8 142.070 142.285
46 72.8 146.390 146.453 57 74.3 148.220 148.525
47 72.2 145.900 145.868 58 70.2 147.060 146.709
48 71.0 148.390 148.164 59 74.0 146.060 146.313
49 74.8 143.730 144.104 60 73.3 145.400 145.542

3 KZEEREA1=199.583 nm B E G HIL 5 & E ik

Table 3 The original and corrected spectra of the big isocarpous at A=199.583 nm

F Bi42/mm Ji B G 3 A B IE g 5 Hi42/mm JE 0 3 A & IE g
1 79.5 146.395 147.527 19 77.2 145.400 146.159
2 77.2 144.480 145.234 20 76.0 146.560 147.133
3 76.6 148.060 148.736 21 76.4 145.560 146.193
4 76.8 145.730 146.427 22 77.8 147.390 148.256
5 77.5 146.890 147.705 23 76.0 146.730 147.304
6 77.8 146.890 147.753 24 76.2 145.230 145.830
7 77.5 143.070 143.863 25 75.6 144.230 144.731
8 77.4 145.560 146.351 26 79.2 144.730 145.801
9 79.5 145.230 146.353 27 76.0 147.230 147.806

10 77.2 144.560 145.314 28 79.4 147.390 148.513

11 77.0 147.730 148.469 29 75.2 146.230 146.675

12 75.0 146.890 147.305 30 75.0 145.890 146.307

13 77.8 146.230 147.089 31 75.2 144.230 144.668

14 76.0 144.070 144.633 32 76.2 147.560 148.169

15 76.4 146.730 147.368 33 78.5 145.890 146.858

16 76.8 147.560 148.266 34 76.2 145.560 146.161

17 76.2 144.070 144.665 35 78.5 143.900 144.855

18 76.8 147.890 148.597
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Figure 7 Various pretreatment methods for the original spectrum of small isocarpous
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Figure 8 Correction set and predicted glycan distribution
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Figure 9 Characteristic wavelength selection process of CARS algorithm
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x5 BEBAEHBELE F6 BEXEHEREIE

Table 5 Modeling data of the original spectrum Table 6 Modeling data of modified spectrum
IRAEEE  ARAE L e IE 4 T 4 RHERE  FRRAE R4 fiRUIES
waEY K R? RMSEC R? RMSEP mER K R? RMSEC R? RMSEP
N 13 0.867 0.423 0.790 0.489 INEESR 44 0.917 0.406 0.821 0.443
EREFS 28 0.887 0.416 0.801 0.460 rp AR 56 0.926 0.398 0.845 0.422
KAFR 11 0.892 0.395 0.820 0.431 KR 25 0.935 0.352 0.863 0.393
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Figure 10  Scatter plot of predicted sugar content and measured sugar content of small isocarpous
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F&M | Vol.40, No.5

15 A X AEA PEAT b5 5 AR R RO 4 4 — > IR B B
7 IPRER — AR B, BEO6 % B A AT Y
i 5 /N SR AL AL, 43 Sl 3R A& TE BT 5 A& TE S R8O BE (R,
B IR NI B S5 904y oA 4 et AT R PR 1B 8 4 441X )
H<<12,12~14,14~16,>16 °Brix, 3 7 JRHMEEAR MY
SR A 505 E AT S BUOBE B s R . N R b
F Gl G 18 1E IS Y AL B X R 1 RE ABE BE B i
P25 L IR IR O 1% 0 U, TR IR O 3% @ 8 1 RMSE
0.570, & IE i @A 1) RMSE 2h 0.404.,

RT REOBEEDTER

Table 7 Analysis results of unknown samples

WEEESE  SSC R SSC 2%

By OB
pIURIES (5D U5 €2 )
1 69.6  15.9 16.42 0.52 16.26 0.36
2 67.9  15.3 16.02 0.72 15.46 0.16
3 69.9  17.3 17.85 0.55 17.52 0.22
4 68.7  13.7 14.28 0.58 14.02 0.32
5 70.6  16.2 16.72 0.52 16.64 0.44
6 70.5  14.6 13.98  —0.62 14.14 —0.46
7 72.2  15.6 16.16 0.56 16.03 0.43
8 71.6  13.9 14.92 1.02 14.87 0.97
9 72.8  14.3 14.07  —0.23 13.92  —0.38
10 70.7 14.3 13.73  —0.57 13.95 —0.35
11 704 13.1 13.65 0.55 13.37 0.27
12 78.6  16.1 16.21 0.11 16.15 0.05
13 76.9  15.1 14.83  —0.27 14.92  —0.18
14 76.2  15.9 15.28 —0.62 15.55 —0.35
15 77.1 15.7 16.24 0.54 16.05 0.35
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