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Rapid Detection of Cucumber Leaves Pigments Based on
Near Infrared Hyper-spectral Image Technology
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Abstract

Rapid detection the content of chlorophyll a, chlorophyll b, B-carotene and lutein on fresh cucumber
leaves by using hyper-spectral image and high performance liquid chromatography ( HPLC) was done.
One hundred and twenty hyper-spectral images of cucumber leaves were collected by near infrared hyper-
spectral camera, then using HPLC to accurate detect the content of chlorophyll a, chlorophyll b,
B-carotene and lutein. After hyper-spectral images have been corrected, a 50 x50 pixels region as region
of interest (ROI) was defined. Average spectrum from ROI was extracted and prediction model of partial
least squares ( PLS) with the content of four pigments was built. In order to advance the stability and
prediction accuracy, interval partial least squares (iPLS) , backwards interval partial least squares
(BiPLS) and synergy interval partial least squares( SiPLS) algorithm was used to select diagnostic bands
of each pigments after optimized the number of spectrum interval. The result showed that using BiPLS and
SiPLS would get the best PLS model, the best prediction coefficient of chlorophyll a, chlorophyll b,
B-carotene and lutein is 0. 8257, 0.813 4, 0.811 6 and 0. 826 2, respectively.

Key words Cucumber leaves, Pigment, Hyper-spectral image, High performance liquid

chromatography, Partial least squares
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Fig. 1 Hyper-spectral imaging system
LBBHL 20640 300U 4. 3F500L 5. ik

15 OB AH 35 R I R e A 45 LC — 20A 7Y 5 3t
5 50 M £ 3% 1 (SHIMAD — ZU B, H A ) 5 C18 2
#H 48, 1% £ ( Spherisorb ODS — 2 % | 250 x 4.6 mm,

5 um) ;%8 48 A IL K ) £% ( Prominence SPD — 20A
) BREE RS (LC —20AT AY)

FEAE G AR a bR (£ Sigma 23
Al s HEE(Ei%al) ; LR B N A = e (o #r
gl E 2 E AR A BRA R ) T 3 OR
(E 25 AL AR A RAF]D .

1.3 ERiEHERSE

H T Wi 1k FE LR RS B R AR R O R
SRAERGATIE, Bk 30 min, 52506 5000 % 4 i 7
PATEAMRE . SRR REMRKEET, R
SERRAE (A IE AR S 2 4 1 R bR 2 AR W, 56 AT AT
PUPR TR AR 15 31 2 B broE BR B, It )5 R &R 15 3
(10 246 %oF PR 178 A S R 58 b 52, B

R=(I-B)/(W-B) (1)

W B R BB R R AR % S R HE T
IS RS o B AT BOR 4 i R 52 BR R/
W, BRATH A R Z Bk 320, 6% 3 FEE 871 ~
1766 nm RAFE[E 7 4.4 nm, RAETGF] 256 MK
T R R Ve . AR s B S ST
R HPLC 2 €0 % &

1.4 HPLC #

YA B BT I F b 1 J % XS A 30 ~
40 mg B FOFER 0, 0 A GE B AT O TR
FBES A o A 4 mL (KB435 80% 11 1A i 7K %5
WCH TR H0.01% — T KR L 58 g7 ( K
PRI, B 5 K R U B A B0 . R IRIUL IR
HE —~RER BRI 6O . &O0EHAERES G
B 1 min, B FE LA LB HLH LA 4 000 /min
(143 B 5 0 10 min, YA B BB 10 mL 5 6 %5
P T 80% TN IR VA WOE . BLZY 1 mL FE R
W, 22 0. 45 pm TS B 45 U8, U8 TR AR €8 (3
AP REFT HPLC 20 #r o Db T 2 0 1 B 165 A1) 4
6T AT LB 1k 3R WO s i

HPLC SC56 2 2% SCHR [ 3 ] 3647 IF 38 001k, AR 4
SCHROS 8,33 B v 8 R A . T B AR R 809% HI
B K IR (S IR FR 3 %2 0. 05% = 2 1% ) F1 100% &
iR B VA T (A IR RN %0, 05% = 2 1) 1R &, B 5%
K TR FE VR , AT 75 30 min PN 58 JROEE & I 5, AR
Ve SN2 1 s . dERESE : 25 pl, ARk : (30 =
0.5) C, KPP : 440 nm,

LB R IR AE R a RifE il 2 AE R SR I A
FHaMBERDb B-HE MNXHMMHERNETE, 1| mg
W2 2K a bRifEdh (3£ [ Sigma 22 H]) ¥ T 80% N
IKEEW(E0.01% — T S I H R ) IF Bie B A [
JiREVR B, DA 20 43 0 € % T AR Y R BT MR XA
AR AR M2 . AR a bRl 2y Bl



154 g ol Bl ¥

2012 4

Y =28590X -36446 (R’>=0.995)  (2)

&1 HPLC @ahE8 ERREH
Tab.1 HPLC mobile phase gradient program

for the analysis of pigment %
80% I i 7K 5 100% .12 £ Tk
I} [] /min N N
(L2018 TR %
0 70 30
5 40 60
25 0 100
30 0 100

1.5 FAEARERRDMZREE

iPLS "t X W) 35 A4S J50 B Oh + 65 42 Ol 3t 24 47 %)
o I e - TG I e R T 7 S vl o P -
5 S0 IO B9 X 16 Ay A X 6] 5 STPLS ™ 4 [ ]
B G RA of A OGS A1 R0 50 0 AT IR R
A m AN XA AT PLS #EA, A 4 HES 41 &
AR C Ael S O ol R AT 4R, Bk B
BRI R P LT (SN 79 v 1 I S 2
D7 R IR VTS B AR R B — R m <55 BiPLS
DGk DX 8] BEA B0 oy < 4 4001 B &) %) 03 g n A>T
DX R] DA Bk — 4 DX Ji] i 45 31 A% X [ % B ) PLS
BRI, it A BRI 1 A7 XA, 2 R e i
PLS B bj 1) X () 2H 45 S AT IXCJH] o

M\ iPLS (BiPLS | SiPLS fff 3 [X. [A] ) 5 A% J57 3 /]
VLA DL F X n je — D EESHLIE T 5
AT XS B9, XA R o3 BOR A OiE 1)
FRAE X 8] A] RE 2> 60 35 1 2 09 T UM A5 5 7 IX ) B
Z I FEAE G DX R] A 37 Y £ 2 A S0 A B A O
g, HERD U B R 2, M LU & R AE
DX [ 1) 58 58, PRI I A SO O3 5 X [a] 8 n e [10,24 ]
T N IEAT TG, 256 75 HERE I 2 AP 4 A A
SN S TN AE B9 AH G R B RA R, 2 B3 UE
Ji MR 22 (RMSECV) Je FUil) ¥ 75 A % 22 (RMSECP)
PABA 2 S5 A X 11 43 8
1.6

Bt i A HE R SR AL B AR 4y Bk
SpectraCube ( Auto Vision, & [E ) fl ENVI 4.5 (ITT
Visual Information Solutions, 35 & ) . G 1% %548 7 #r
A% Matlab 7. 4 (MathWorks, £ [H ) .

2 ZWHEREDW

2.1 H@MNESER

B JRE e I 47 A A 2, BN J o A B R ]
LA BV AT (49 0 5, WO G B A 18] 2 fros . AR
IR RI 2R a MEER b B-WIE R A
20 04 TR, T el A o £ [l OR A RGOS A PR

AR S AR . BT RE AL Y HPLC I 7E 48

AR 2 R
o A
£ 30
2 20
52 B %
00 5 10 15 20 25 30 35

I 1a]/ min
2 BRI F @ E R HPLC
Fig.2 HPLC of pigment at cucumber leaves
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Tab.2 Descriptive statistics of pigment for leaves

pg/mg
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Fig.3 Spectral profile from hyperspectral image of

ROI region in cucumber leaves
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