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The Development of Near-infrared Reflectance Spectroscopy
( NIRS) Prediction Model for the Quality Components of
Flour and Intact Seed in Mungbean

WANG Li-jun,LIU San-cai, YAO Yang,REN Gui-xing, CHENG Xu-zhen
(Institute of Crop Sciences,Chinese Academy of Agricultural Sciences , Beijing 100081 )

Abstract; Near infrared reflectance spectroscopy was applied to determine the content of protein, starch, and
amylose in mungbean in China. One hundred and two samples seeds were scanned in NIR systems( MPA , Bruker,
Germany ) with Infra soft software OPUS 6. 5 version. The partial least-squares regression method was developed with
cross validation after processing data. The best calibration statistics were obtained by optimization. In flour samples,
the largest R* value and the lowest SECV were detected for protein(0. 95 and 0.329) , for starch (0. 90 and 0. 576)
and for amylose (0. 89 and 0. 307) ,and the residual prediction deviation( RPD) value were from 3. 08 to 4. 61 ,re-
spectively. In intact seeds, the largest R* value and the lowest SECV were found for protein (0. 90 and 0. 404 ) , for
starch (0. 88 and 0. 643 ) and for amylose (0. 85 and 0.426) ,and RPD value were from 2. 51 to 3. 23, respectively.
The robustness of the model was evaluated for external validation. The mean differences, which were found 1. 0% to
1. 8% in flour,were slightly lower than in intact seeds. NIRS prediction of the three compositions in the flourwas ap-
plicable as a rapid and simple method. For intact seeds, this method was non-destructive and could preserve its vig-
orous vitality and could be used in seeds conservation and germplasm resources innovation. In the future , works need
to be done to improve the accuracy in the intact seeds.
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Table 1 Mean, minimum,maximum,and SD of composition determined in mungbean using the reference method

S Parameters HHEFEHE (%) Protein content

VEHY &1 (% ) Starch content

HAEVER i (% ) Amylose content

FEFEL No. 80
SEHIH Mean 24.51
Fe/IMH Min. 21.04
T RAH Max. 27.96
PrifE2E SD 1.517

80 79
49.90 13.56
45.33 8.60
53.76 14.72
1. 867 1. 061
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The number of samples used to obtain the calibrationmodel was after removing the outlier samples, the same as below
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Table 2 Validation statistical parameters for the NIRS determined in mungbean flour

BT EZIN REAE BfEYEE PLSZLyiRiS FEHEXE] (em ™) KR Validation

Quality traits No. Rank Pretreatment methods Spectroscopy segments R SECV ~ RPD

H R & 8 (% ) Protein content 80 4 — B L 1stD 5030 ~ 4600 0.95 0.329 4.6l

JEM £ (% ) Starch content 80 5 — B F% 1D 5030 ~ 4600 0.90 0.576  4.24

HHEVER & i (% ) Amylose content 79 5 — B EL + R IE S 12489 ~ 6094, 0.89  0.307 3.08
1stD + SNV 4605 ~4243

1stD: First derivative , SNV ; Standard normal variable
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Fig.1 Comparison of reference values with the values predicted by the

calibration model in mungbean for protein,starch,and amylose content
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Table 3 Mean, minimum, maximum,and SD of composition obtained in mungbean flour using NIRS

ZH Parameters EARR /FG\JE?—E( % ) Protein content

TEM & (% ) Starch content

HEEER SR (%) Amylose content

FEAEL No. 80

S Mean 24.53
F%/IMH Min. 20.73
i RAH Max. 26.91

FRifEZE SD 1. 487

80 79

49. 89 13.51

46.02 8.65

54. 41 14.71
1.792 0. 995
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Fig.2 Comparison of average spectra from intact seeds samples and flour samples in mungbean
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Table 4 Validation statistical parameters for the NIRS determined in mungbean grains

F TR FEME AR A BT 5 XA (em ") KI5 Validation

Quality traits No. Rank Pretreatment methods Spectroscopy segments R? SECV RPD
BT (% ) Protein content 80 4 1stD 12489 ~7498 4605 ~4243  0.90  0.404 3.23
FEH 1 (% ) Starch content 80 5 1stD 12489 ~7498 6102 ~4597  0.88  0.643  2.90
EIHEEN & (% ) Amylose content 79 5 MSC 12489 ~ 6094 4605 ~4243  0.85  0.426  2.51
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Table 5 Mean, minimum, maximum,and SD in calibration set using NIRS in intact seeds of mungbean

2% Parameters &1 (% ) Protein content

TEW & B (% ) Starch content

EAETER 5 (% ) Amylose content

FEAEL No. 80
SEA4{E Mean 24.01
#/ME Min. 21.06
i KMH Max. 27. 68
FRifEZE SD 1.214

80 78

50. 08 13.58

45.9 8.341

54.34 14. 16
1.763 0. 987

2.3 SMERIRIE

VT 21 A AR T 0 A5E 7Y %) & 48 P ( robustness )
F AN JE F A I A5 R AR 5 1) S0 58 A6 38 A i 47
TREE: . E S lis FH Bk TR R R R AR
(R TE 5 A RO T B0 40 3 8 4% 41 20 10 TR AR, 4%
FSSH T ENIMEMLR, SR LE6, Bk
FE S S % 7 1 M NIRS 2% P9 & [8] /9 37 2 22 3
1.0% (FERY) 2 1. 8% ( ELEETERY) ; TR AE S Wi
%6 SEFEMELNENEENEZHY

HRTER N1 1% ~3.4% ., HAKR JER
FELBETE NS 3 A4 50 X5 (8 A T X ¢ 4G 6 26 WA 7
0.05 MR EKFTESANRE. XU M
SR b b Y AR AT R T AR 1 RR L TE R N
HEVERY B , 2 6t 2% 7k M NIRS % &
25 55, BAE S 2R B R [m] |, 41 43 1Al o 25 77, 4R
PRI A B S o B 3 22 S/ H B i

B 22 UK

Table 6 Differences test between the reference method and the NIRS method

R ZE A it BT PEAR BFKF-(P<0.05) T2 (% ) AH2EVE (% )
Sample type Quality traits Significance level Mean differences Differences range
2% 5. FRL Grains HH H TS 5 (% ) Protein content 0. 097 1.7 0.1~5.5
TEW & B (% ) Starch content 0. 994 1.1 0.1~3.3
EIHETEN & (% ) Amylose content 0.228 3.4 0.1~6.8
2% 5K Flour HHE S (% ) Protein content 0. 126 1.4 0.1~4.3
TEW & i (% ) Starch content 0.367 1.0 0.1~3.8
EIHETEN & i (% ) Amylose content 0. 162 1.8 0.1~7.5

3 itig

AR S RAUEY] T NIRS H AR 0 4 071 22

FIRAL I BT TE R A BLEETE R 3 i R (E
A NIRS $ AR ¢ 52 A 2 1 SR ANGE A 1] LR A
HZE LB AR BT R ] AR B — 2L



838 i 7/

g/

L
S

2 14 &

ZE S MR IE AR B /) U 280 R . SECV Fl PRD
B, G 5L SR TR A A B R AR
FHECALT 5, BORYARE b A T000 A B o2 bR
PR, A A T R — 2 R R R . TR0
BEAY ARG B TR DG R AR 78 WS, B DR EF T
RS TTEFIF PR, I TR E R RIEYE
Fofr 5T AN T A ST AT VR AE 1, R A R R R
ANEEEACHITER

SEHRE D Coutiler ) J2 3T Z1 41 9 0 455 0 (14 g g 1ot
T2 A 228 18 DL A — > [ B, e LA BRE S BR , A FT
L G TOUIMABE IR (3% FRG B ST AR 9 T WA IR G
HOG & A R GRS SR 2 1 A T v )
82 ML A i 4, A IR S S 38 2 MPA 321 5F
FETEA I M, KA 525 T R R S OGS s 1
PIA R, K I Lo Bk £ B8 sl 5 53 sl e A5 784 1y
SECE MR B AR AER S RmAMRT 2 0, Hik
TEMSIBE T 3 0y, A R HLFEAR T 100 250 SECV Al
PR T RPFN PRD, TE IS AR e R AR £ |
S5 )7 1 T SAS I BE IR (R B e T B E R
FIAL, 18R RS B 3R A RO 20 AN Y SO AN
) B4 5 ELBEDE R 1 B AR e T vk 2 N T 8 [ R 5
M 5 A, T 485 SR A AN iff B LB T X AN
JE A 215388 3 21 A,

23 1 FRLRE I 2T MBI () SRS BE AR TR R
FEAh X — G NI e 5 PR R RAEE ST 4r oh
FETE Y KN AS R B iR S0 1R 25 AR R 6, HLiF
SR T TE R TR R R il FURE KN X A MR 2% T
2T AN 2 W0 A B2 5T, & B 120 HIR Y
R*20.902, 1Mt 20 H i1k 0. 874, 156 B 5K i) i
FORZERK , G OB IRAE Sl T 60 H il
BT R SR R/ IR AE X R 25 S X 4040
SERWI S S BTN e AT O ik v R —
FES AL KNS RE 2 ], (HR G A Y () A i A2 T
IV 6 22 Mg BEIUR R/ INAS IR AR i | AR TR
IR, PRI, 76 A e B B B o) S e it A
FBE IR INAS [ R T S T

S% 3k
[1] Bisht I S,Mahajan R K. Patel D P. The use of characterisation data to
establish the Indian mung bean core collection and assessment of ge-

netic diversity [J]. Genet Resour Crop Ev,1988 ,45.127-133

(2] ®Baig, FRE PEZGT I ERSRHEMAIM]. L.
EAOERAHAR R, 2002 :3-8

[3]  Emife, B2, £54 5 hES OGN AR ORERLZE
PERAG BT T]. A8 A5 B I 2= 42,2009 ,10(4) :589-563

[4]  USDA. Nutrient database for standard reference [ M ]. Washing-

ton; US Department of Agriculture,2001 ;14

(5]

(6]

(7]

[10]

[11]

[12]

[13]

[15]

[16]

[17]

[18]
[19]

[20]

[21]

Galvez F C F,Resurreccion A V A, Ware G O. Process variables,
gelatinized starch and moisture effects on physical properties of
mung bean noodles [ J].J Food Sci,1994,59 .:378-386

Collado L. S,Mabesa L. B, Oates C G, et al. Beta-type noodles from
heat moisture treated sweet-potato starch [ J].J Food Sci, 2001,
66 :604-609

Oshorne B G,Fearn T, Hindle P H. Practical near infrared spec-
troscopy with applications in food and beverage analysis [ M ].
UK Longman Scientific and Technical ,1993 ;227

Roussel V, Branlard G, Vezine] C, et al. NIRS analysis reveals
temporal trends in the chemical composition of French bread
wheat accessions cultivated between 1800 and 2000[ J]. J Cereal
Sci,2005,42 :193-203

Ceng H Y, He Y. Theory and application of near infrared reflec-
tance spectroscopy in determination of food quality [ J]. Trends
Food Sci Tech,2007,18.:72-83

Delwiche S R,McKenzie K S, Webb B D. Quality characteristics
in rice by near infrared reflectance analysis of whole grain milled
samples[ J]. Cereal Chem,1996,73:257-263

Fassio A, Cozzolino D. Non-destructive prediction of chemical com-
position in sunflower seeds by near infrared spectroscopy [J]. Ind
Crop Prod,2004,20.321-329

Nang H H, Becker H C, Mollers C. Non-destructive analysis of
rapeseed quality by NIRS of small seed samples and single seeds
[J]. Euphytica,2007,153 ;7-34

Williams P C, Stevenson S G, Starkey P M, et al. The application
of near infrared reflectance spectroscopy to protein-testing in pulse
breeding programms [ J].J Sci Food Agri,1987,29.285-292
Berardo N, Dzowelab B H,Hove L, et al. Near infrared calibration
of chemical constituents of Cajanus cajan ( pigeon pea) used as
forage[ J]. Anim Feed Sci Tech,1997,69 :201-206

Patil A G,0ak M D. Nondestructive estimation of fatty acid compo-
sition in soybean[ Glycine( L. ) Merrill | seeds using near-infrared
transmittance spectroscopy [ J]. Food Chem,2010,120,1210-1217
American Association of Cereal Chemists . AACC 46-10, Crude pro-
tein-improved Kjeldahl method [ S]. St Paul, Minnesota: American
Association of Cereal Chemists,1999

International Organization for Standardization. ISO 10520, Native
starch-Determination of starch content-Ewers polarimetric method
[S]. Switzerland ; International Organization for Standardization 1997
Chrastill. ITmproved colorimetric determination of amylose in star-
ches or flours [ J]. Carbohyd Res,1987,159.154-158

Users manual in OPUS spectroscopic software 6 version [ M].
Germany ; Bruker Optik GmbH ,2008 ;18-19

Naes T, Isaksson T,Fearn T, et al. A user-friendly guide to multi-
variate calibration and Classification, NIR Publications [ M]. UK :
Chichester,2002 :420

Williams P C, Norris K. Near-infrared technology in the agricul-
tural and food industries [ M],2ed. St Paul, Minnesota, USA ; A-
merican Association of Cereal Chemists,2001 ;330
T KR R R EEY R B E M [ M. dbat.
Al AL, 1991 :113-115

Garnsworthy P C, Wiseman J, Fegeros K. Prediction of chemical,
nutritive and agronomic characteristics of wheat by near infrared
spectroscopy [ J].J Agr Sci,2000,135:409-417

Wu J G,Shi C H. Calibration model optimization for rice cooking
characteristics by near infrared reflectance spectroscopy ( NIRS)
[J]. Food Chem,2007,103.:1054-1061

Shenk J S, Westerhaus M O, Hoover M R. Analysis of forages by
infrared reflectance [ J].J Dairy Sci,1979,62:807-812
Re/INSL, EHOR, BEWER . T LD AR 2 SR R A (4 7
JEHIL ). BRSS9, 2008 ,44.(8) :796-800
BT, W, A% 7K, 25 B AR i UKL /N X 26 U 2 i 1
ZLANGIE A B T Ay 5 B 5T [ ], i A 5Ok 4 b
2008,28(4) :775-719



	植物遗传5期_部分65
	植物遗传5期_部分66
	植物遗传5期_部分67
	植物遗传5期_部分68
	植物遗传5期_部分69
	植物遗传5期_部分70

