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At RTINS T 3RS T T R, HAT, A
R e v BRI T8 A 5 ARG DU T T O AR T A0
(Rt 2 o Tk o P N P AT 20 A B 45 A 4 2 3 5 i
SE RS 5 R B A R By B R, LR S M A R
By SCHFIEAUSA, B GUE REUS 0913, HiZE
BRI A, AR LA I RN M AT FUE AR A
B AR RIS BN A AR W i T R 9 T U X B
i T 73 I Bl R A () 25 AR I RS A 10 06 15 B R
(RR T IR E ,  F 57 TR AE I BOGHE SO E R A5 g 17
B & BRI, DUNRE A B A R 4R it — R e Bk
M7

1 RS

1.1 FESHARHIE

SHFAREFETNTESHOEMER. THR.
WREE M) EHSE, FRERHREENEHEEE N
25~30°C, FHXEE N 80%~90%%2 . AHT 5t Airik F i
FERAFEAA C Wifh 34156 BifE, S/KEAN 14.2%, bl
A R R, B, EEEE. BEL. RKFM
FEAY, A ZEN 200 ANBES LA EAT A gR S, RN
LA 100 g, A 50 ANFE i L% REORR A fif st 2R Gl
B 10°C, FHXHEREE 15%) JRNEHRIERAE A H1E6E; 28
JE, BRI 150 AN S IR PE RS 2 B8 B AR 1 4%
4 GREE 30°C, FHXHEE 90%) B TEIRIEIRAE B
BE", % ERIRES AR L TR & B A
Wi, GEH AR AN AR &M, FRRBE
(14 1) % ok R 42 FEURE 25 A i Ol R v LA AR M R UK T 48 A B
BRI AR B oL, N TR E M BRI 3 AN, &
AL A 10 d, LB E B IR REA S
50 3o
1.2 TEEERERESENE

NT REWOTEARRVIRRI R, 6 & IFEARTE S
RO e KA I 7 R4 R GBIT 15684-1995 (43411
Hg TR AN 2 ) I E R He iR & &Y, IR AN
MRS 2. %, PR 100 g FEA, TN EER AL
SUSRENLN SRR, HE SRR KB CQL6 iiffiE, FRENHS
PERIAR 109, #ERE] 0.01g, JHN 250 mL = MAHERINA
50 mL Jo/K ZBEiR A, BT A RE KR 10 min, §#E 1~
2min J5 FEARE IE; SRS, SRR RS WL 25 mL 38,
BN 50 mL ZETR/K Ay Bk FE 7~ 7l 3~4 W, A bR
AEVEOR R, P 30 s IR BN S, BT
P FERIAT . [R5 25 mL oK /48 E 25 mL JER
AT AR, 0 FATERM AR, &5, R R
SERIRARNFRUESR & AT HRER & & . 1R 2
ASPATREN S, LA R e 5 5R, 24 TFAT
FE I 52 (A 2 ANS KT IME 1 2%.
1.3 REEERERKIERSE

AW AL Hypersis 477 i i 6 i 4 (Hypersis-
VNIR-PFH, 52306, Jbpl) RERBGIEERE, %R
GUNERE R 1 FTR .

LGk fanl 20608 3MEM 4HME 54&MESH
1. High-spectral camera 2. Light source 3.Dark chamber 4.Work bench
5.Linear rail

Bl Stz eREi4%
Fig.1 Hyper-spectral information acquisition system

KRAEFEARBDCISEIE AT, BRI TR, @
X LTS, 5B BARRE LI (A] 20 ms, 3T 51817
HIE 146 mm/s, FHEIEES 150 mm, JeifiulE 380~
1000 nm, Jaifhsr e 2.8nm. KREARFEA R T O R 8
T 0 MREAKKR E, PRl CEETEYE, fEHil
RN T, FEARTEETELAM D). &AL
PAFFEATE B KA L EE EMEGE R, BMRES
RAEARE] 256 MNMEBIIEG . BT IRIRI RS A A Yy
TG LA S AR AR, RRRCRAE SRR AR, 2aks
€ BB R A BRI TR IE, I8 Y65 7= AR g
A, =t (1 P,

LL=0,-1,)/(0,-1,) D
[ L ARIEENREAEMEIER, 1 R IERT A
HEG, \WwNEAbRE R, |, e B Eg. SHRIE
JEEHE EUR, R A E R B &  (environment for
visualizing images, ENV ) £ & BOGER X 8 (FaH
FEARD BEAME R SO SO P ME, DA AE I
TR IOG G S S . BF 78 P O s b 3 5 4 i A
Unscrambler10.3 Al Matlab 2008a % 14523
1.4 REESSTEN

WA A e 5 AR & B2 MM X RIE T
A P I A, I ) RN P [ A R T A
HEGE BRI — Rl U M iR T 2k
AW P, SEEIEAEREGS, WRAA
T BAE N NS R ST R R, ALK B TN
WAL RN, AR Z TUREE, FET KR IR
B [ o

AHIE T PGS B A N RE A Mg 17 TR e T A R
AT OERBEFEAGISN 4 ANXBBEHLIERIL T
45 NREARVENBERITIONAE, FlAR 155 AMFEAH AR 15
FEARF TG @558 IF S AT A A A 1) e ot 4
PEFEAT AL, SE9ROCHERAE . O R LI HIE
(successive projections algorithm, SPA) PIHEEL itk K4
MIRFIE S B, WBRIE GG GIE M R TR MG R, SEBb
TERHE 45 @I SME T, TG ERFIE BL S
JIE 07 2 & B 2 e G ME R ALY Cmultivariable linear
regression, MLR) ; &)z F K IE 4 S R4S A0 Tt £
FEABEAT TSR . AR @ ST FE e, SR — kAT
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R IEAEAE CIGUERS, A ARG R H R, FITIIN 24 5 AR i
(RMSEP) “EFa bR AR PR &, HA R A T 32 5
(2) M (3 .

RS on-wl [Son-nr @

> 5 - Yo’

RMSEP = (3

n
s RS yr REARSEINE, mg/(100Q): yei FE
APNME, mg/(1009): Y, AREARSHNFA{E, mg/(100 g).

2 HBREDH

2.1 HIEHAERRIENT

AHTFLHI %) 200 AR FEAR AT T IEH . BAY)
W, FIARER 4 AP EL. I EAGRES, WS EE
RIS R MR TR & B A 4 Rk 1 R, 4 AN EI
WEREA IR iR & B R A ARSI A, TRITR & BAE
T B A HOATS AT ) B THAe bR, B3k 5 AR L a T
9%, TEESCHRIE M MR g5 i R gh S i iR 5 ]
#H IR B — AR, MR & 2 E A lRE 2
AR A -

*1 TESEHHEAHBRRENVSH
Tablel Paddy fatty acid content distribution under different

moldy periods
e FHE F/ME RRAE
NS S|
Fferaldéjyjt:nge Samj;fj—:f(mber Mean/ Minimum/ Maximum/
(mg-(100 g)*) (mg:(100g)™) (mg-(1009)™)
I 50 21.98 1855 24.40
FAHI 50 54.80 27.03 80.90
A 50 104.31 84.44 127.26
BRI 50 110.35 101.09 124.88

T SR AR 1 5 R AR KR PR R e T R A A A A A 0
H PEE NV o U BBl A 7E B B PR AR A R AR IR SR AT
LRI & 'S THa Rk 2 Pox, R 2 hgitsiR
AR, RO R AR DT R AR A T AR Y
BAEAZIEHE N, v e S B Al SEEBEE T R4l

%2 BANFREESTNERBRERS B
Table2 Paddy fatty acid content analysis between calibration sets

and predicted sets
= ST S 7
Sample Sample Mean/ deviation/ Variable range/
classification  number  (mg-(100 g)?) (Mg (100 )Y (mg-(100 g)™h)
KIE4E 155 77.81 3571 18.55~127.26
SIS 45 78.02 35.60 18.74~116.55

2.2 FERBRIENIETRCIBIFES

Hil &1 4 DAFRERN RS P th kel
Savitzky-Golay (SG) P &b HERO 45 AN 2 Fim. M
FREX T f 28 vr %0, ASTE R HAREAS 10 6 1E i 2 Ak AR
R LA AL TR N8 AR RS A O 1 RO A AE
420 nm fiix BB T AN FERREE RS BARRBBAE 450~
650 nm % BAHS T IE R 1S T 5 T B kR

B HI55: 700~850 nm ik B H B P RO IX, TR AR
AR FEATCZE 5 930 nm Bl 1B AN EE AR AR A3 S S &
IR A -

1.0

09

0.8F
Sorr
8 -~
g 0.61 Iy Normal stage :
E, 0.5F i A1)

5 Early stage of mould
2 04l by arly stag
L G HA
=T S Middle stage of mould
0.2} ——— A

0.1}= Last stage of mould

0 1 1 1 1 1 1 1 1 1 1 1 I
350 400 450 500 550 600 650 700 750 800 850 900 950 1000
# & Wavelength/nm

B 2 A5 JRds -
Fig.2 Paddy origina spectra by Savitzky-Golay smoothing

Fe U 1 2% 1R — A B2 6 48 5 AS [F) S E0HE 8] 1) 22
PEBY, 4 ANASEI IR S 6 — i wE 3 s, A
[F) BN U4 AR B 1 6 0 S S M 22 S 42 v /E 380~ 430,
580~700 Fil 840~950 nm 3 A™[X []. R4 Lk R4tk
FI—BN s 2R s, W28 e 9 B 380~430. 580~
700 £ 840~950 nm Ayl & AR G NE R & & AR A I 4RF
FEX 8]

00151

0010}
0005 |
of #

-0.005 F

—Br i EFD Value

-0.010

"""" 1 IMiddle stage of mould '

0.015 | T #%a ML ast stage of mould L

l 350 400 450 500 550 600 650 700 750 800 850 900 950 1000
# K Wavelength/nm

B 3 AR ik —I s
Fig.3 Paddy original spectraby the first derivation

2.3 FIE4FHER ER A9IEEN

FIFESFEFIR (SPA) X R4 IR IEE AL HEAT
TERRAE Y BOREL, e B N Yu Dy 2~30°7, R
R ISR 1 P EBAS X8 UF 38 5 HiR 1% 22 RMSECV B #ff 72 Fe
I AR I B N4

A IEEREAR MRS ST SG Hdi-Fig, M
256 M B Lk 14 MR B, 73002 378, 407,
431. 441. 491. 564. 583. 646. 665. 885. 897. 907.
948 #1987 nm, & 4 Fin.

FER R IEEFEA R IR 30— iksr, M 256
AN BRI 10 AMRRIE B, 40 2 394, 426. 580,
646. 853. 875. 933. 940. 962 1 974 nm, &l 5 ffiir.

A R EIR, FIF SPA BRI SLi i Bk
PTG EE R EAE, FRAC T RIR T . ALIE Y
TETERFAE P BT AT, KB REAE S B A B A 5 T 4
B TRUA R REAE 20 AT 45 SR — 2
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AL TR R %
RMSECV
B

5 10 15 20 25 30
FEAEE B
Number of variables included in model
a FERER B
a Optimal characteristic wavelength number

1.0
» 09T
o 08f
g 07t
3 06¢
Z 05 1SR IEREA
B 8;1 No.1 calibration sample
= 0af . FRERE
0.1F Characteristic wavelength
0 L L L ! ! !
350 450 550 650 750 850 950

% & Wavelength/nm

b. AL IR AR B
b. Optimal characteristic wavelengths
B4 A5-F IR AR BRSO A it
Fig.4 Optima selection of characteristic wavelengths and
numbers for paddy SG smoothing model

27

o]
[=
LI |

17 L L L L 1 ]

5 10 15 20 25 30
FEIE B2
Number of variables included in model

a HERER B
a Optimal characteristic number

0.015

0.010

0.005

H43EFD Value

)
I

-0.005

—Pi

1582 1EAE A No.1 calibration sample
B REfEJE Bt Characteristic wavelength

o

=

o
T

-0.015 y
350 45

550 650 750 850 950
% & Wavelength/nm

b. i 45 AEBE B
b. Optimal characteristic wavelengths
B 5 #Ee—Mikn AR AR R B Aotk
Fig.5 Optimal selection of characteristic wavelengths and
numbers for paddy FD model

2.4 FERBERERS ETUNERMNET SIE

MR 155 MAESEIEEEALRWBOLE, 24
i SG P A —B iy, i SPA SEIRLL HRHIE BB
XK 1 S AR AR, DAER AL G I 5E 4 M
B e AR NRAR R, A SPA-MLR BEAL, ) FH T 4R 1

45 Py FEA FEASR B0 2 ST RSO, AN Rl i Ptk 3
D3GR ST B R RG 96 45 SR TUIN R R AN 3% 3 P o
®3 TEFLELIE SPA-MLR BTN FERIEHKRES 8
Table3 Paddy fatty acid predicted value for SPA-MLR model
under different preprocessing methods

B IESE T4
FARE 57 AR calibration set Prediction set
Preprocessing Variable | ., .. BRI E v SITHRRZE
method number  RRE Tpy ey XA Ty ep
v (mg:(100 g)*) (mg-(100 g)*)
SG Pt 14 09419  11.9646 09366  12.3550
SG smoothing
—Wridsr FD 10 0.8486 18.8618 0.7579 23.0796

R IMAEREM, SG i 5—Mims Bk %A,
oy g RS IR o B AR 25 i T B B PO A8 R ey . R
SG T eI AL H 5 2 37 ) SPA-MLR B8, AZIERF A
BAE X EAIE AT S R 8 Rey A7 AR R 22 RMSECV 43 51
0.9419. 11.9646 mg/(100 g); T B AR R T4 5 s i
Z A B H A B 6 frs,  HAMBISTEIAE O¢ R 3 R Al
BIJi R % RMSEP 737179 0.9366.  12.3550 mg/(100 g),
R E T XA R R BT I T RE .

120 . .

o3 .'.

2 100F 1-0.889x+8.462

s R=0.9366

3 s0f

9

T 60F

=

£ 40t

& 20|
L]

0 f , .

20 100 120

30 60 80
S Actual value
B 6 SG-SPA-MLR A ML L 5 m{EAR X b4
Fig.6 Correlation analysis between predicted value and actual
value for SG-SPA-MLR model

3 & B

AT A A& R AR e R s, i
TIEH . BRI, &AL S R RO
PE R FIR TR & 2 0 A A, BT T RS RRAE I Bt
i S5z SR TOUI0 G i D7 R A B A G A I T, R id ik
BT THAIE, 132ILL T 4518

L RIS A RSN B SRR S E5A
ANEBEEE AT . IEH . BV, AR S
FE&AS Fig 107 R 5 20 09 il 45 18.55~24.40., 27.03~80.90.
84.44~127.26 F1 101.09~124.88 mg/(100 g)75 il 28 1k,
RE TR & AL R B R AN R BT e pl, 2k 51
BT 2. R & & E ARG A 8 AL AR o

2) FIH % 4 % 52 5 ik (successive projections
agorithm, SPA) #HAT I RFIE IR BOdk £, 28 M 256 4
BEh, JGEHURS SG BB ERILH 14 MG
B, JGIEEIEL —B i (first derivation, FD) AbF 5
ik 10 MR B, B/ AS B (A 3L 2 1t 5
Wi, SCHL T ERERGE M 48, BRR T R A .

3) SHIEAL SG-SPA-MLR ##F1 FD-SPA-MLR
TR A I B S T AR 22 e B2 . KA SG-SPA-MLR
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T3 ) S PR AR AR Joi 2 AR A5 I U R B IO R I AL T
FD-SPA-MLR A1, & R INFH A 58 AR AIE IR AH 58 F 8K
Rov Al ¥ J5 2 % 2 RMSECV 4 %) & 0.9419 .
11.9646 mg/(100 g); TRl HAMERISIE A ¢ R 20 Re A1)
JiHRi%ZE RMSEP 4371124 0.9366. 12.3550 mg/(100 g), %!
X AN [F] 5 A I 1 PR A A T 7 R 2 B 3 B TR A TR

g bprid, MARGIEEAR, FAESREEL
(successive projections algorithm, SPA) 4544 ki [al
JH75% (multivariable linear regression, MLR) Z#i, wJ
SR FE A NE TR & B ORI, kg SR bR A U A 75
HLPRMSHEYE .
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Non-destructive detection of fatty acid content in mould paddy based on
high-spectral technology

Wen Tao™?, Hong Tiansheng®*™, Li Lijun®, Guo Xin*, Zhao Bing®, Zhang Qiangian, Liu Fu®
(1. School of Mechanical and Electrical Engineering, Central South University of Forestry and Technology, Changsha 410004, Ching;
2. Key Laboratory of Key Technology for South Agricultural Machinery and Equipment, Ministry of Education, Engineering College of South
China Agricultural University, Guangzhou 510642, China; 3.Division of Citrus Machinery, China Agriculture Research System,
Guangzhou 510642, China; 4. School of Science, Central South University of Forestry and Technology, Changsha 410004, China)

Abstract: Riceisrich in starches, proteins and carbohydrates, and when it is polluted by fungus, it is easy to become decayed
and hence produces some poisonous substances for human bodies. Once moldy rice goes into the circulation market, human
health will suffer from serious hazard. Therefore, how to effectively detect fungus in rice has become a fundamental work of
guarantying food security. At present, the detection of moldy rice mainly depends on artificial qualitative analysis, which
means that detectors discriminate fungus in rice according to some physical indices such as color and aroma. The detection
precision of the mentioned methods mostly depends on the knowledge or experience of operators and the indication of statistic
tools chosen by operators, which will bring out artificial errors inevitably. The fatty acid content is an important indicator of
fungus information in rice. In order to solve these problems presented in the traditional way such as destruction, time
consuming and low efficiency, a non-destructive detecting method for fatty acid content in rice using high-spectral
technologies was proposed in this paper. In the research, rice samples for 4 different storage periods by means of artificial
cultivating were selected as study objects, and spectral information and fatty acid content were detected through high-spectral
measurement and physical and chemical experiment. The spectral data obtained were preprocessed using the Savitzky-Golay
(SG) smoothing and the first derivation (FD) method, and the characteristic spectrum that indicated the variations of fatty acid
content was selected by the successive projections algorithm (SPA). The prediction model of fatty acid content in rice based on
spectral reflectance was built by the regression analysis method, and the prediction effect was evaluated by comparing
different preprocessed methods. Experimental results indicated that 14 and 10 spectral characteristic wavelengths, which were
from the original spectral data after the SG smoothing and the FD preprocessing, were optimized and selected according to the
SPA.. The quality of modeling and prediction effect for fatty acid content in rice showed that the SG-SPA-MLR (multivariable
linear regression) method was superior to the FD-SPA-MLR method. The correlation coefficient of cross-validation (R.,) and
the root mean square error of cross-validation (RMSECV) for the SG-SPA-MLR model were 0.9419 and 11.9646 mg/(100 g)
respectively at the model correction stage, while the correlation coefficient of prediction (R;) and the root mean square error of
prediction (RMSEP) were 0.9366 and 12.3550 mg/(100 g) respectively at the stage of the model prediction. The optimal model
showed a good prediction ability in fatty acid content of rice during different storage periods. In summary, the results have
indicated that it is feasible to non-destructively predict fatty acid content variation in rice applying high-spectral technologies,
and can be used as the reference for the rapid detection of fungus stressin rice in the future.

Key words: fatty acid; nondestructive examination; models; mould paddy; high-spectra; characteristic wavelengths
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