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wE EAﬁkﬂﬂa%ﬁﬁﬁ'ﬁ?ﬁﬁﬁﬁﬂ?%*ﬁ@%ﬁﬁﬁﬁ BB AT A1 1 (NIRS) 42 2 8 5 S
WAL ERABEER Y, XEL 108 MPEKE[Glycine max (L. ) Merr. IS FE & R AHH, DEE
AT A (FT-NIRS, 4 000~12 500 em™) 5S4 $(GOBARME S, RFARE/N_F(PLS) H T
R XWIER, HitF A FT-NIRS SR i A5 W@ﬁiﬂg—fﬁﬂi HR 4 OPUS 5. 0 #4441 34 R[5l B b B 41 4

e B4 NIRS Y% X820 6 101. 9~5 446.5 cm

 XXBESREFAKEERBHRAS, DHR

(C18+ 1, Riv=0.94), T MAR(C18 : 2, Rey=0.87), THRAR(C18 * 3, Riv=0. 85) FEHIFI LD M (CL6 +
0+C18 : 0, Rbv=0. 8B) M BB HER . I FRITELEREAKRT MBI ER A E R BB (Ru=
0.91), HFMyJrRifs2(RMSEP) % 2. 47 g« kg™' FE, RMSEP/SD Bt % 0. 29, WRIER T MERH
BYE R RERRYE; TIACHERE, BERSEE . TIMRG. SERRALF.C 0 Ffk Bl BR A0 T 3 2R 2 R 3T B K 0. 66~0. 76,
RMSEP #i [l 0. 37~2. 74 g « kg7 T&, RMSEP/SD H.& % 0. 47~0. 53, FHF LUH#HT AT IS M
A E RN L, EORHE—L AR FI-NIRSEARATNM KT X ERRA S RBETTH,

X@A KE[Glycinemaz(L.) Merr. J; BERIER; MEHELIMR LI SHEHE

hES S 0657.3 X WARIAE: A

E

KXG[Glycinemaz(L.) Merr. JRAXEBEENHYERD
FAHARR I, Himfs S EiA3 20% k4, REYHAEMI
A FEFHY, KEMEFEEARFEREHRESETA
R, SIRAMNYRER, BEETREHPERESEY
BB, REMKEGEEIA, TN il 3 B B R 4 AR
AZAERMTE, BERRESHRRERIATHRE
HHEENE. SEMKERHBRMTEERASHGHEN
BAREEREAR, MUSEARAD Y H, T H 1 RetER
2, REEMAES I, g, WTHRE. MEREREX
SR TPRIRRAS, UMEXSRAE R REFH
il

AL M Y% BIAR (near infrared spectra, NIRS) RFIFHA
PURTE L /M6 X (800~2 500 nm) B ¥R 51 T WM T R 3
HEHRPEMLERS B —THBEAR. BT, £FF
&4 1A NIRS HoR 92 B iR L E SV E A A B FT IR

WABR: 2007-02-16, #iTBIB: 2007-05-19
XE2WHA:
iR B (2006BAD13B05 Fl 2006BAD01A04) ¥E Y

X EHE: 1000-0593(2008)06-1290-06

. Velasco FFASHEEL SR ERARAETHE
MRS RHTEXRIEER S, . THK.
WHRERFITFER (R? =0. 95~0. 98) L K BRIF FM & R, W4t
GHEM . BRI RAMN RS R A RE(R =
0. 62~0. 76)5) | Velasco % X3 F i AP R 5 AT R
BRPIR, XBEMM R =0.85) FFEM (R =0.88) &3
BRFBMER, MATHBRR = 0.56) M KB (R =
0.53) L Hil k& R B HBAKS . Perez-Vich £ X EH HE
BEHEFTHWENMARCEBTHERE NIRSRERK
(Rt=0.90~0. 971, Sato H4Hr T ZHRIRA M FIEH A
RINFIREE, FIR7ET M (R =0. 89) MlER (R2=0. 81)
FHREBHRBRNTME R, MAEERER KR = 0.76) HIiR
FR (R =0. 35) L FM4E AR HES,
ESAMEXTRIRI L & EdA NIRs R IRE.
Pazdernik ¥F| X B HE ARG HEHERFRLFISH KR
B9 NIRS I BI R, H ok RETEE 5K 0.38~0.71 i
0. 18~0. 5617, Kovalenko &% T ARt 497 F7 ¥ 3 g
BiE M s AN, R PLTE SRR B B R R+ B

EXEARPERETE, BFK“948"5 H (2006-G1), “973"H{ H (2002CB111300), “863”+ %% H (2006 AA100104) B FT & & X

HE®T: HEA, 1972 4, PERUHEREDHERTHUMAR  email: sunjm@mail. caas. net. cn
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Bsme) EIRBRIBIMGE BB (R =0.91~0. 94), Ti7EH AR
(R*=0.76~0. 81), W {Hif: (R?=0. 73~0. 76) F1 W B AR (R?
=0. 67~0. 74) M BMBH Rk 20, REFIF NIRS A%
EXREHRRERTEETEEAR. BHSBANRETER
&m A, MAEKXSIEMAR T ERRHREME. AX
FIFEEEMIELIMNR S (FT-NIRS) B AR R ER E 108 #
AERHRAROMETTAIMNERSHEE, RARENZ
5 (partial least square, PLS) 9%, %f FT-NIRS Fifl k&
TeHiA DI EH#THE, BERR FI-NIRSHEAREX
SERVBRARTHIHONA, RAREBREMEFTFHEE,

1 ERHY

1.1 ZBRHE

R 18 M KERFRER, S5k BEFKEFFE

FEMNEMERME, F 2004—2005 E4FHETILRE
PREEN, YERKEHE—EW, REBRATHRSHTLH
K—E, B R J B B4 (64 fRE i) FSNRRRAE
(44 R . F) iR B (Retsch ZM100, & =1.0 mm,

Rheinische, Germany)#§ 28 2 BB R KR, 24K FHO -

MR, MERET 4 CHRER, FMELEEMEEL
HEE.
L2 XEiRp#RSENE

BRPRALE. SMERTR LS g £ANBETH
IR, BATRLAE™ K Buchi B-811 ¥ B3 R KERUM
BRHP, BNM—EBXKZHERBRRAEMH6 h, R
KR EMESHMA SR, HRRAEHR 30 mg BARE
JE¥B, MMA 2.0 mL 0.5 mol « L™! & B B4 (NaOMe, SIG-
MA)iE4], 60 ‘CiR¥A 5.0 min, RIFMA 2. 0% M Z. B (Ace-
tic acid, EP=4M74E)4.0 mL i85, BHEM 2.0 mL FO &
(Hexane, 4740, MBS, B#BH A, BRI RS,
BERSERBNMECHERE ELME.

KERMEN: SAEISNGORAXEERBAF
A 7=#Y Trace 2000, MEEKEE FHL(FD)KMBMEAK
RER. GEEEAEE QW ARMAXENEL: DB
WAX30 mX0. 25 mm i d. X0.25 pm; HE 190 THZ 25
min; FHEEORE 270 °C, KMEBFRE 290 C; RBSE 16
mL » min!; §K 35 kPa; 255 350 kPa; X 30 kPa; 43
H10: 1, BMRESQREK, BOEHSE, KEEERMEE
RANSREFEITE e - e ERTE), GFFER
(C16 2 0), BEFERR(C18 ¢ 0), jHAR(C18: 1), T MAL(CI8 ¢
2). FRFAR(CI8 * 3) R FIAEHTBR(C16 £ 0+C18 2 0), #R¥E
PSR ILHEL(CI8 ¢ 2, Bl A HAE Wako 4 H].
1.3 HMARBERE

SLI BT FAY 28 8 E Bruker VECTOR 28/N {# B H- 745
BB L. # 30 e EAKERFHERETHE 50 mm
BIBEHRE S, 7 4 000~12 000 cm™ (1 800~2 400
) ERXFER, B# 64 W, HHEH 16 cm™, REHR
HIRBOEHE™ . HEBRESRLE D WA —-BEBRER
X, SEMERBETEHE 3K, HEL T

BECFHHENPRR,
1.4 NIRSHFHRIE T

% A BRUKER /@ OPUS/QUANT 5. 0 #gfi st #
AHTRGHTRE B, X EEAE RS . B2
BRIALE T B ¥ 0 ik R R B /D % (partial least square,
PLS) A% . BRI AR ELEMIMPRIEE. HARARK
ERREETREEMIERRIE, FRAMPRIEREME
HFTANRRIE, BEREX X BIERE R (R MISM R
R E R B (R, EXBIEHHHRIRE RMSECV (root
mean square error of cross validation), Rl ¥ H B iR &
RMSEP(root mean square error of prediction) . RMSEP/SD
HES KRR E R A, TR SR A
WK I 5 L 5 B R A T i I R BB B (Mahalano-
bis distance) K ftiit LA R E AT MR BT, KA SPSS
10. 0 A HITHIE S RS IBVIMARMEXZEITHE
EHRR.

2 ZRSHT

2.1 BRENRSROENSH

# 108 BY KI5 BENL 4> AR IE 48 (64 63) FISM SRR IE
FE@W ), RASHEHRNGOME T EEHMAN S &].
B GC K WIZ5 R BRE Tt B ERA S 7 IEMAER(CI8

T DEFRERE, REREWMAS, FHEEN106.73 g

ke FE, HEBTHBETE 93.66~135.56 g - ke ' TE
ZIA); HER(C18: DEFERZ, TLHEEA 30.07~63.02 g
kg ' FEZE, AR RREBEH(CV=19.61%); MEE
BM(CI8: OB EBE, FHERN6.95 g kg™ TH, Tl
W 5.20~9.03 g« kg FEZE(RE . % 2 K5
KiF4 NIRS Wil K G ISR R & B VSEIT 47, IR 1 A
F2UH, FEsm 18 AERMRAREERAFHK
EMEREEATHEAME, B LEEYRE LR
BT BEMN DI RMEN RS R TARE, K
MRS BZEEE EMRREER, AARFNEER
WiRE SR, TRIEFFEKGIEN RS & NIRS R H&
B Ak,
2.2 EBAkHEBRMEENDRSH

FIf OPUS/Quant 5. 0 ¥+ B SR (LIh6E, MkEME
BEERL B ARG, 32 SPSS 10. 0 54247
RENEERESRTBAFZAHXXR(RE D). ERE
ARG SN RE B NIR it X B EE M5 7€ 6 101. 9~
5 446. 2 cm™ Z 6], B FIAKEHTBRA 55 %R A9 B % I B
AR, ERNTF . EMETE S5 801. 0 em EH R ML R EA
B (r=0.855"""), MIALAGHT B Iinilmg . BEARMR . MRk,
TR B A0SR 5 8 (C16 £ 0+C18 * 0) XF B By B A 6 i
FB AR 6 009.3 cm™ (r=0.611"*"), 5 723.9 cm™ ' (r
=—0.526"""), 5 8319 em™ (=0.576""*), 5 677.6
em™! (r=—0.581*** )Fl 6 009. 3 cm™' (»=0.603"** ), H
HWAEER, iRyt Bet % AR R K G AE B B4 B NIRS Hi#
BRI TR AR R B
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Table 1 Cross validation statistics of the NIRS calibration equations developed
to estimate fatty acid concentrations(g + kg™" dry weight) in soybeans

Fatty acid compositions N Minimum Maximum  Mean SD CcV% Rev RMSECV RMSECV/SD
Palmitic acid(C16 ¢ 0) 64 18. 62 27.72 21. 60 1. 56 7.22 0. 65 0.91 0.58
Stearic acid(C18 : 0) 64 5.20 9.03 6. 95 0.78 11. 22 0. 66 0. 40 0.51
Oleic acid(C18 ¢ 1) 64 30. 07 63.02 43. 90 8.61 19. 61 0. 94 2.02 0.23
Linoleic acid(C18 : 2) 64 93. 66 135. 56 106.73 7.12 6. 67 0. 87 2.58 0. 36
Linolenic acid(C18 ¢ 3) 64 12.00 21.55 16. 53 2.32 14, 04 0.85 0.89 0. 38
Total saturates(C16 : 0+C18: 0) 64 24.62 35.71 28.55 1.97 6. 90 0.88 0.58 0.29

REv=determination coefficient of cross validation; SD=standard deviation of the reference method values; RMSECV=a root mean square
error of cross validations CV, coefficient of variance

Table 2 External validation statistics of the NIRS calibration equations developed

to estimate fatty acid concentrations(g » kg™ dry weight) in soybeans

Fatty acid composition N Minimum Maximum  Mean SD CV% R RMSECV RMSECV/SD
Palmitic acid(C16 ¢ 0) 44 18. 60 23.49 21.23 1. 40 6.59 0.74 0. 69 0. 50
Stearic acid(C18 : 0) 44 5. 62 8. 54 6. 93 0. 69 9,96 0. 66 0.37 0.53
Oleic acid(C18 ¢ 1) 4 30.05 63. 04 44.14 8. 46 19.17 0.91 2.45 0.29
Linoleic acid(C18 ¢ 2) 44 94, 95 118.09 105. 47 5. 60 5.31 0.76 2.74 0.49
Linolenic acid(C18 * 3) 4 12.59 20.74 16. 07 1. 96 12.20 0.75 0. 93 0.47
Total saturates(C16 ¢ 0+C18: 0) 44 24. 60 31.93 - 28.23 1.73 6.13 0.76 0. 84 0. 49

Rii=determination coefficient of external validation; SD=standard deviation of the reference method values; RMSEP=a root mean square

error of prediction; CV, coefficient of variance

Table 3 Correlation coefficients between spectral wavenumbers and fatty acid compositions in soybeans

Spectral wavenumber selected for analysis (cm™!)

Fatty acid composition

6 009. 3 5831.9 5 801.0 5723.9 5677.6
Palmitic acid(C16 ¢ 0) 0.611*** —0.367** 0.337** 0.215 —0.013
Stearic acid(C18 ¢ 0) 0.299* —0.471**~ 0. 249" 0.526*** 0. 408" **
Oleic acid(C18 * 1) 0.271* —0.576*** 0.010 0.546*** 0.467%**
Linoleic acid(C18 ¢ 2) 0.373** —0. 106 0.855*** 0.382** 0. 152
Linolenic acid(C18 ¢ 3) 0.159 0.347%* 0. 096 —=0.507*** —0.581***
Total saturates(C16 ¢ 0+C18:0)  0.603*** —0.478*** 0.366"* 0.378** 0.151

Note: Spectral preprocessing method: first derivative plus straight line subtraction; #, * # and * * * represented the significant levels

at 0. 05, 0. 01 and 0. 001, respectively

2.3 NIRS REHFIMRIMSHARL

FIA OPUS/Quant 5. 0 {4, B RZXRIEF & HBER
FAEBABRFESEREERAGHEXRIERERK
(R, XXRIEHHTRiIZE (RMSECVIHEHRTHRES M,
RERMKERE, ZRER, RA—-BSHR-ELNEE
EHAL LS HHHEX 6 101.9~5 770.2 cm™, B T KT
MR 7 B9 B4 NIRS £ E# 8 (R =0. 94, RMSECV=
2.02); EFBEXIHEN T, ERMAN KB T RERE
BA(REy =0. 85, RMSECV=0.89); %4}, EHMANTE
5777.9~5446.2 cm SR BE NS A M R AL E D
BUREAMNKEHR (Ry=0.87, RMSECV=2.58); i
i R AN BE AR B AR R A P A MO A (CL6 ¢ 0,
Riy=0.65; C18: 0, Rlv=0.66), H¥EHMEMIEHBE
I+ F AR B IERL R A% A 48 (REv =0. 88, RMSECV
=0.58)(% D).

R FASHB IR J7 ik 3 BT A B A S B R SR PR MR R 53

FTEMULE D, R 2B 1 ATR, MBES KNS
Bk E R ENA R (R =0.91), KENHHRIRE(RM-
SEP) 2.47 g » kg ' T, RMSEP/SD i H.4H % 0.29, &
FHEX S MBI E ARGt MiFHER, BISK. W
M. EREASRAEHBRGTIMEERBEER 0. 66~
0.76, 3 RMSEP #[ 0.37~2.74 g » kg™ T &, RMSEP/
SD H.H RN 0. 47~0. 53, FHAR LISIT K Z AR B4 4
MEREE. LR, #F—SIEHAAH FT-NIRS R B X

TEERHREN RBETTH.
3 3 #®

3.1 $rdBERsERRGMAR NIR S ilbik B2 ik 12

Sato %5(2002, 2003)5H} 1 600~1 800 nm( T ¥ 6 250~
5 555. 6 cm™") BYIELL b R 4 e i I 4 X 88 55 B o R A ok ik
KERMRX S RMIED A RBHEE X, 455127 1 708 nm
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(5855 em DFEKBEEAAMBRME MBS ZERHIESK
BAEREEHEES ], AXFBEHT 6 101.9~5 446.2
em ™ (1 638. 8~1 836. 1 nm)IE LM g B X I RIS e

21
(a)
‘0
R2=0.74 ¢
RMSEP=0.69
B 21 sp-0s4 .
3
£
&
L)
* hd ¢ .

NIR method

33 43 53 63
GC method
21 @ .
20 :
Z 18
3
E
E 16
14
*
12 . . . —
12 14 16 18 20 22

GC method

NIRS B X B, H7ES5 801.0 A5 831.9 cm™ ' kB
WHE AT s AmSA S BB EREXBR(AE D, 5
Sato MR GREA -,

85

8

NIR method
=
-2 o

|5
5

92 96 100 104 108 112 116 120
~ GC method
34
o
32{ R2=0.76
RMSEP=0.84

NIR method

GC method

Fig. 1 Scatter plots of correlation between NIRS and GC methods for the prediction of
fatty acid concentrations(g * kg™* dry weight) in the external validation set
(a); Palmitic acid; (b): Stearic acid; (¢): Oleic acid; (d): Linoleic acid;
(e); Linolenic acid; (f), Total saturates(Palmitic acid+ Stearic acid)

3.2 [ERM NIRS BB

ESMETFReEA NIRS FiM R A R ME, HERF
e 3B T BT, TirfE XA M BIRER
EHART 2B, Pazdernik ZH| i K S8 K MR A Fh#E
B PIRAMIETMA S NIRS MR, HEMkE
BB RBE, 4510 0.38~0. 71 #1 0. 18~0. 5601, Ni-
maiyar 2(2004) AKX T8 A R BIR FT-NIR %84

TSR EARKRIEE, FAEHRRK R PE R
(R*=0.24~0.76), 1) RMSEP/SD & H{if th55{5(0. 53
~1.00)"7, Kovalenko % (2006)7E K & & 4 FI i B L (B34
BR+HEEREM) KB TR ML R (RR=0.91~0.94), T
MM (RE=0.76~0.81), I ilE(R*=0.73~0. 76) FI W B¥
B (R2=0. 67~0. 74) k(9 FI M BCR AR 2 — 600 TR AT
FrEar i) NIRS BRI A X S M EHREe TRIERN
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HwE

PR (R =0. 91), 26 FoAb AR B B 41 43 77 I O T 2K
5 Kovalenko IR AR EX ML (RE 2, HABRT
Pazdernik fil Nimaiyar (B 545 R . EAFI A NIRS HA K
RAEHMA RIS, (VR EEEMI T BN
BB R NIRS S R, 3018 TRAFABIMi4 11,
£ FR I AR NIRS Billgs Bk R RRE.
3.3 B NIRSREMTZAZEHRIBATITHE
ARRABEEHLREE, BRARFE ERNAEHER
F. BREESHBAR NIRS &K FENHRRITF
£, FIANIRSEARBIY THRE. . REMN KT FERE
A Y-S B NIRS R, BRTEREZEHNNKT
MR, BB THSOTCENE, B0 TR
ANRB - MRS E W, B, I FELNIEH
MEBRM I BERESHAEEARASSERNHARLE,

8 %

AN EMme e, WHENEXRADRYS, wHH
NIRS HARFLURE , MMM T B MAR, KKH
HHREE, RAXDIEHMERRE.

BEASBRERMERNE LR ERA RBAMHHR
BR, AR WERERTIRE. RRFHENEA
AR RERIFHAREGR 1 8% 2), ATU#TRERR
MR, Bh TXEHFPRERAR N SEE
®, ZERY, FHMFHEFEOEWBRI; Fo5bh, #
RMAKERGEPEIENREAS ST REAEENABRE,
n: IR AR R & B L E A A, R AT
AT BCRBHE . BIAEIA A ZERE b, B — 38 InER 5
BFRRUENKEHE, REREKEFAM BT IETRAS
MR, 22RO, &M RERERE
B, AKEIEWRE AR RGEEERS .
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Rapid Determination of Fatty Acids in Soybeahs

[Glycine max (L.) Merr. ] by

FT-Near-Infrared Reflectance Spectroscopy

SUN Jun-ming', HAN Fen-xia' , YAN Shu-rong' , YANG Hua!, Tetsuo Sato?
1. Institute of Crop Sciences, Chinese Academy of Agricultural Sciences, National Key Facility for Crop Gene Resources and

Genetic Improvement (NFCRD), Beijing 100081, China

2. National Agricultural Research Center for Kyushu Okinawa Region(KONARC), Koshi-City, Kumamoto, Japan 861-1192

Abstract Current breeding programs dealing with fatty acid (FA) concentrations in soybean [Glycine mazx (L. ) Merr. ] require
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large numbers for gas chromatographic analyses, thus it is important to develop a method for rapid determination of fatty acid by
Near-Infrared Reflectance spectroscopy (NIRS) in soybeans. The objective of this work was to study the potential of fourier-
transform near-infrared reflectance spectroscopy (FT-NIRS) to estimate the fatty acid concentrations in Chinese soybean varie-
ties. One hundred and eight of soybean cultivars or lines (the calibration set; 64; the external validation set: 44) were scanned
within 4 000-12 500 cm™! of wavenumbers using a standard sample cup by NIRS machinery, and analyzed the fatty acids by gas
chromatograph (GC) methods, Equations were developed using partial least squares (PLS) regression and cross validation for
multivariate calibration in this study. The optimal spectral region was selected from 6 101. 9 to 5 446. 5 cm™! based on the OPUS
5.0 software, Cross validation results showed that major FA components such as oleic acid (R&=0. 94), linoleic acid (Réy =
0. 87), linolenic acid (R =0. 85), and total saturates (R% =0. 88) were accurately determined by the proposed equations as
compared with the reference data obtained by the GC method. External validation results also demonstrated that equation for ole-
ic acid had the highest predictive ability (R% =0.91), root mean square error of predication (RMSEP) value was 2. 47 g « kg™’
dry weight, the ratios of RMSEP to the standard deviation (SD) was 0. 29, which was usable for quality assurance application.
Moreover, equations for palmitic acid, stearic acid, linoleic acid, linolenic acid, and total saturates were predicted with the deter-
mination coefficients ranging from 0. 66 to 0. 76, RMSEP values from 0. 37 to 2. 74 g « kg™! dry weight, and RMSEP/SD values
from 0. 47 to 0. 53, which could be used for sample screening, Therefore, we confirmed that a reliable estimation of the major
fatty acid components is possible by using NIRS technique in soybeans,

Keywords Soybean [ Glycine max (L.) Merr. ]; Fatty acid; FT-NIRS; Gas chromatograph
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