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Establishment and Analysis of Internal Comprehensive Quality
Spectral Evaluation Index for Fresh Jujube

SUN Haixia ZHANG Shujuan XUE Jianxin LIU Jianglong ZHAO Xuting
(College of Engineering, Shanxi Agricultural University, Taigu 030801, China)

Abstract; A non-destructive method for on-line determining the internal comprehensive quality of Huping
jujube fruit was investigated based on visible/near-infrared reflection spectrum. Moisture content, soluble
solid content, firmness, soluble protein content and vitamin C content were respectively used as internal
indexes to assess the quality of Huping jujube at full ripe stage. Competitive adaptive reweighted sampling
(CARS) was applied to select sensitive wavelengths. Models of the least squares-support vector machines
(LS —SVM) were built based on the sensitive wavelengths respectively. The model of firmness showed
that the correlation coefficient of prediction was 0. 945 2 and root mean square error of prediction was
41.684 9. The other four models obtained the better results with the correlation coefficient of each
prediction over 0. 923 0 and root mean square error of each prediction from 0.267 4 to 3.779 2. Then,
the correlation was analyzed between the quality indexes. The results indicated that an extremely
significant or a significant correlation was revealed between any two indexes in the P <0.01 or P <0.05
levels. Therefore, factor analysis was carried out on five internal quality index of fresh jujube to develop
the internal comprehensive quality index, and the CARS — LS — SVM model of this index was established.
The results indicated that the correlation coefficient of prediction was 0. 924 1 and root mean square error
of prediction was 6.063 5. This research showed that the established CARS — LS — SVM model was
effective to realize evaluation of the internal comprehensive quality on fresh jujube. This research
provided theoretical basis for on-line, rapid and non-destructive detection on internal comprehensive
quality of fresh jujube.
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(Partial least squares regression, PLSR) & % | M ] 1
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Tab.1 Statistics of different indicators for Huping

jujube samples

¥ HfH
R BoME O BE bRdEZE
TR % 72.83  60.09 67.35  3.01
Al R R A B/ % 32.60  18.30 24.60  3.30
A E Coe/ (mgg™ ') 5.56 1. 09 2.79 1.24
B E/ (mg-g™ ") 28.77  7.64  16.68  6.34

TR/ g 1066.80 492.48 804.40 127.31

L3 FR/GELNEIEHERE

FI A& E ASD ( Analytical Spectral Device ) /A &
A7 Field Spec3 #4% 3i% 4 (2R #F 7 Bl Dy 350 ~
2500 nm) >R 4 153 A 45 A AE AS 19 18 S A O 35 L
P A& 1 FTR o BEAS T Ml 2 A B RO AR &
T2 B R B 3 25 R EA A AL
960 nm 1 400 nm P K AL, 6L T M, I i 2 4> B
2 7K 43 W iU 5 680 nm (1 148 nm 45 22 b i 4 Kb A
A BRI . 1500 ~2 500 nm [8] 535 il £k 387
Hok EEZL R REAR, 5 350 ~ 1100 nm ] I,
ST SRRV 28 A WY I W S0 0 N IR AR IR
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WK m
Bl RO RE 2k

Fig.1 Spectrum curves of samples
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IOE 3 5%
1.4 SREHEST

TE Ot 5% B4 09 Ak B R 43 A o, R Matlab
R2012b %4 ( 25 [ The MathWorks 2\ &) ) 55 #f 55 5
B & N E A B 7 ( Competitive  adaptive
reweighted sampling, CARS) # B 45 AiF I & A ) /N —
e — % ) B L ( Least squares — support vector
machines, LS — SVM ) # 4% .
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1.5.2 W
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JIT A 72 o GE G R 43 T, 24 KMO fE /N T 0.5 i)
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T KB, TR 5 A 56 2R B0 R A R A A
W, B #5 A8 s i 7 P, Y 3 PEE P /N T 0,05 B,
FE AR BN ST IS AR T
1.5.3  FE/M5ortr

F AT 53 AT I R — R R A R DR Y
Z A M 7 o TR 2 A U A0 1 JLAS AS R O B 7 A
St AR AT R S R Rk AR A S .
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2.1.1 KRR SREE

Bt X EEAAEA 450 ~2 400 nm (8] (19 B4R 56 KL
Y& , K CARS 3590 | 48 BUEE AT 5 31 & Jo 46 A 10 45
MEP A o B KR FRAL PR S UL e b, B i€
RAEUCECN SO Y, X A58 7 Tk A K 79 48 B, 75 R A
PR I F v 1DE R POROR AR B ez
S G R UK 5 A O e i A P SR AR UL
AN BB S, A8 8 i 1 95T A sl /b 7 14 A4
TERAE U T FE 25 R A B 36 1, FE 2N
(14 58 SR UE ¥ 7 MR R 25 e/, O 1913 BE i AR B T
oK A2 i D O B $2 BORY 5 AR A, 36 14 Ao [ B
T R P T T2 4 Jo i 0 50 ) R A 5 e A Y o
HORAF A 38 YK, 28 B2 U5 iR R 22 e /N A
2. 176, S BB A RRAE PR BN 11 A e AR C &
PR IR D B e AR o, R AR IR RO 34 KR
SRR J7 AR 22 0 0. 517, 4 R (19 R AR P
BN 18 A 1R 8 F 8 8 1 R IR D I 2 B Y o
LR BN A1 RO, 52 UH I 4 T R R 22 R
6. 692, S BRI YR AR P A BN 7 A5 A2 48 52 1 45 ik
PR PRI T SRR RO 34 YCR, 38 SUB IR
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Tab.2 Characteristic wavelengths selected by CARS models of fresh jujube quality indexes

il AR A e FHAE P 4 /nm
Py & 14 598 .606 .655 917 923 960 .1 090 .1 104 .1 940 2207 2210 2213 2277 2364
AR R 11 740 762 770 779 789 796 815 .1 139 1 921 .1 928 .1 932
Yt C o 18 456 489 656 687 728 963 .987 994 996 .1 030 .1 048 .1 058 .1 607 .1 781 .1 794 .1 802 .2 332 .2 351
B AR 7 623999 1395 2108 .2221.2271.2392

i i 19

753.960 .1 005 .1 067 .1 148 .1 770 .1 865 .1 904 .1 993 2 008 2 084 .2 153 2 236 2 265 .2 272 2 300 2 316 .2 320 .2 331
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2.1.2  FRAEPCRK AR A 2.2 NELEZEEmBIERIN

I3 LL CARS $2 R 4 4% il JSTH A B 48 AE 8 1
PR R L A 4% i TS AR (EL D i b, 57 1S —
SVM 1Y 4350 b 55 A A T 45 2R L3 3, 5K
RO EE Y R B R C R AR
i R R R AR R I AR Y ) R S R Ko B
0.9230.0.936 3.0.974 9.0.934 2.0.945 2, 1 | 4
YRR 220 5 1,173 9.1.191 6 0. 267 4 3.779 2,
41.684 9,

®3 EBEEMRIERA CARS-LS - SVM #HEFR & R
Tab.3 Prediction results of quality indexes of fresh

jujube by CARS — LS — SVM models
KBS FOIEEY) BER B4

a

2.2.1  AERLEA M RS AR L

XI5 254510 7 o S B A 1 R T TR
B B 7K A TR AN 52 iR B AR X R
{6, 1t W 4% il JOCSE A ) ] REAT 5 — R IO AR S ot
BEACPEAT TS TR AR BRI A AR G L3 M o R B
IR R 5% 28 B S35 0L ARG B 9 AT S 3 1 A
IIHTACR I 4 R 4 WS TAh AR bR TR 2
[B]7E 0. 01 5 0. 05 7K b A7 76 i 3 ik 25 1+ 5
P, 10 AR 308 25— A SR A5 o i A S 9 A TR R 22 52
B A 22 T SRS AR BRI . HeHR 7 0. 01 KK I
DR e SO = el [ NIOE S S €56 3 TR
T ISR AR Z 6] P AT 5%, Sk B b 3 A i 4 5

i AR 65 o v
MRS RO WA TG oo i W (35 B 57— N VR4, T 22
B & 0.9349 1.0493 0.9230 1.1739 ] i X .
THEE R R 0.9441 10157 0.9363 11916 FAE 7% 5 i AT P S i BT R] X OE &R o
g C o 0.9894 0.2124 0.9749 0.267 4 I FE A 1 25 300 48 A i 05 A8 1 48 Bartlett 3KJE
ARG 0.9599 3.2230 0.9342 3.7792 ERIH P E M 0.02, /8T 0.05, Ui B & 7% & 6] A
T i 0.9540 38.4450 0.9452 41.6849 ST 25 KMO K 30 10 200 0. 684, K F 0.5, £ 1
4 HERREFANEZESN
Tab.4 Significant analysis between quality indexes of fresh jujube
ok AR R AR MR C At &R At L

K

A VA T T ) O A 43 B 0. 005 3 **

R CHE 0. 000 8 ** 0.007 0 **

H 0. 006 8 ** 0.0110* 0.0350"

il jf 0.0150* 0.0390* 0.0260" 0.0450"

T xR IRTE 0. 01 /K B A 35 IR R 5 » SRR TE 0. 05 /K- 1 BA B 35 i A 1k

#5738 i [A) A B ) i AH OGP 3 S 34T Y7 4 A
F BB o A ISR ORI, 5 B i A B F 5 2 00
%5,
£5 SEGAEFHE
Tab.5 Statistics of factors variance extracted by

quality indexes

AAMEEE AR C EHAM

Wy B &t &t
Gk 1 1 1 1 1
PEHC 0.888 0.816 0. 867 0. 899 0.939

S Al , S TE bR i B 7 224976 0.8
PLE, 3B BT R U A B 7 6 45 46 A AR o 3 B AT
(R BERE T o X IR 43 A v 32 00 FRAE 1 R B0t oT
BRAHEAT 30T, W3R 6. i 2 N F Y Rt sTk %
ik 3| 82. 738% , U BB 4 i Sz Wit Jirl 1y 722 i 1) 2 8L

2N

ERoX

N T 75 % 22 I A A 8] AR B AR O AT 45
F VRO, AT IE A J5 1 8B B AR 0 ZR RO 4
RUWFET,

®6 BERFONPERSFAEERTHE
Tab.6 Factor analysis of principal component

characteristic value and contribution in fresh jujube

SRSy FEAE{E P BTk % SBUBTIRAR/ %
1 2.516 50.315 50.315
2 1.621 32.423 82.738
3 0. 569 11.377 94. 115
4 0. 205 4.099 98.214
5 0. 089 1.786 100

x®T BABHREER
Tab.7 Coefficient matrix of basic information of

common factors

FORE WEEEEY 4R C O EAR

i A8 b B T B X,
X, FRAEX, &YX, g X, ’

AT HEE 1T 0.941 0. 809 0. 844 0. 668 -0.087
AT HEE 2 0.380 -0.186 0. 346 0. 044 0. 893

2R 7 g, O R 2 A EN AR
CANSE.S7-W)|
I, =0.941X, +0. 809X, +0. 844X, +0. 668X, —
0. 087X, (1)



328 & o Bl B ¥ iR

2017 4

I, =0.380X, —0. 186X, +0. 346X, +0. 044X, +
0. 893X, (2)
Hi 3% 6 AT, J g o7 ff A P R LR A N TR A T
1 FRIEAXH
1=0.503 151, +0.324 231, =0.596 7X, +
0.346 8X, +0.536 9X, +0. 350 4X, +0. 245 7X,

(3)

Forp X, X, X X XS i D K R AT i P DR
Y iR C S8 EE RS TSR
EAR AL B 5 A1 o
2.2.2  PEBZREA G TS bR 0 AR R A Ny
2.2.2.1 RRAEBK AR

B X i A FEAS 450 ~ 2 400 nm [H] 19 J57 45 56 7% £k
i, CARS 42 N R 25 & il 5T 48 b FRAE B 4 09 3 72
UL 2, YRR B 29 W, HERR AIE i < 3 R A
R A8 SCHRE Y 7 MR 25 Je /N, R 9. 532, 4R HCH
(R AE % K 2l 660 721 784 832 999 1 1021 712,
1950 2275 2287 .2 300.2 386 nm, 3t 12 />,

2000
ﬁ 1000—%
B 10 20 30 40 50
% EATUHL
gmor
S E 10
b{'}‘(’ 1 1 L 1 I
“E 0 10 20 30 40 50
JEATREL
%;’L& 5x10'F
5% a0t . : e % ;
e 0 10 20 30 40 50
JEATIREL

K2 CARS $2HURRE B i 72 15
Fig.2 Key variables screening by CARS

2 i BT T B A AR AIE R M e s AR AR SR o A IR
FE 03 R AETEAR 2 10 5 8 AN [m) i & A — i B
Ti®s o R, BT AR B £ B TR AR AR U
ARERET il EmE. 454682 A,
660 nm 1721 nm 7] G 73 il & 4E 4= R C % & B9 FFAE
K 656 nm Al 728 nm v B K A AW S Fr 28 ; 784 nm
AJRE -5 AT P R P A 23 B8 R A K 789 nm
8779 nm ({07 B AR AL A 5999 nm 5 H B E
FROE AR G 51 1021 950 .2 287 nm 7] fig 43 51 5
EOKEMAFEP A 1104 1940 .2 277 nm {037 &
Fo A K52 275 nm A RE 5 BE B A RRAE B K 2 272 nm
L B FS A 5,2 300 nm 55 R JBE 18 R Ak < AH
o DI, MRS TR EE G Al SR AR BT SR R Y 12 4
FRAE P, 3 A MR 40 25 T00 5 — iy Jo Jor 42 2 A

ARV, AT L4 T S AE 5 3005 A A5 08 .

2.2.2.2  PEREEG A BUHE AR RRAE B R B A A
1 CARS FEILH| Y N T 256 i 48 B 8 1E i 4

1 R A T iy A B, 4 3 IR 0 A 0k T A A T P

LRGN AR AR EAE Dy A, 52 LS — SVM P

B 5] 25 5 DL IR 3, 3500 4R A AH G R B 34 J7 AL iR

24351207 0.924 1 F1 6. 063 5, 13 BF 1% 455 78 1) 151 I kS

160 e i A A1 R 40,9405
REAR TR 1957523
BN R A 509241 .

AR I RIRE 160635
100 . =

b T ) L
o =
(=3

ERERiEi
x©
(=3

6b 8‘0 l(l)() lé()
LR i TR AR LS
K3 SEALEG R BT CARS — LS — SVM 71 i il 45
Fig.3 Prediction results of comprehensive index of fresh

jujube by CARS — LS — SVM models

GB/T 22345—2008 { fif A Ji 17 %5 2 ) Hp %ot fief o4
PR il Jo (A AT DR 0 46 AR BT R L AE
JERG 36 v o i 2 A R SR T W R 1, B B
X A5 B0 2R S5 | 7 SR S A R E P ) 2%
AR AR E . LR A PR 16 bR 1 AL, AR
N T A% TR B ) AR LA T O A T M SR AE T
A TR SR ah A L, TT EL AR DR T S AT P S i S
LR VRN ANBEE B0 1 ) AL, O A P B 2R
PR AR ER R A SR B TR . NARLE S bl TR N
BT (R ST, i TR T 4% B — it SRS DM A A [) A S B A
BORMERE Y (R B, S B T 22 0l Jot 14 () A0 A 0, 9
FLRAE T ARG $ s 1 BT E ) Az S

3 HFig

(1) &K AT PR P 9y g o0 5 T i v 2R
F & giER C & & MR CARS- LS - SVM
H5E AU (1% I 4 AH ¢ & 43 i 0.923 0.,0.936 3,
0.9342.0.9749 .0.945 2, ¥ /7 iR 243 B H 1.173 9,
1.1916.3.7792 0. 267 4 41. 6849,

(2) ALY 5 30 5T 45 b 18] 9 P AH ¢, A1 H A
T A A T A Y BB 2R Gl B B PR AN F A, S8
BT N FE & T 25 A 8 IR JR ST T CARS -
LS — SVM AL, S 3 1 % N #0255 & b BT A% T, H.
THIN AR AR G R BRI ¥ 7 AR R 22 4 Bl ik ) T 0.924 1
F1 6. 063 5, Sy 55 B AL PN BB L5 G i JBT ) S B PRk
o 9 BaE T Al
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