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Rapid determination of main unsaturated fatty acid contents
in single rapeseed by near infrared spectroscopy
Wang Liping, Zhao Xiaoguang, Zhao Xingzhong, Yang Jingjing, Chen Wenjie, Zhang Xin
(Hybrid Rapeseed Research Center of Shaanxi Province,
Shaanxi Branch of National Oil Crop Improvement Center, Yangling 712100)

Abstract ; Improvement of fatty acid compositions is an important goal in rapeseed quality breeding. The rapid
determination of fatty acid contents in a single rapeseed is an important technical guarantee for breeders to quickly
screen target components and shorten the breeding progress. The feasibility of using near infrared ( NIR) spectroscopy
technology for determination of fatty acid contents in a single rapeseed was investigated. A total of 220 representative
rapeseed samples were selected as experimental materials. Firstly, the near infrared spectra of single rapeseed sam-
ples were collected, and the fatty acid contents of them were determined by gas chromatography. Then, partial least
square ( PLS) regression was employed to establish NIR calibration models for the relationship between near infrared
spectra and the contents of main unsaturated fatty acids in single rapseed. The determination coefficients(R*) of the
established NIR models for oleic acid, linoleic acid, linolenic acid, erucic acid and nervonic acid were 0.933 3,

0.8930,0.824 1, 0.942 1 and 0. 914 0, respectively, and the root mean square errors of cross validation (RMSECV)

H B0 H B VY A AT A T RITH (2025NC - YBXM - 005) , Bk PG48 H 25| S J5 B4 4 Jig & T %E 0T H (20242Y - CGZY -21)
Wk B9 :2025 -03 - 13
SR W, 40,1979 AR A BRI SY 61, il BT el 421536061 @ qq. com



FALEE L EWESE

UTLLAME G DR I 5 BRI SERF P 2 2O IR R &5 BT 197

were 6.96% ,1.53% ,0.87% ,6.06% and 0. 15% , respectively. Furthermore, an external validation of the estab-
lished models was conducted using 30 independent samples, the root mean square errors of prediction ( RMSEP)
were obtained as 8.31% , 1.84% , 0.88% , 6. 13% and 0. 16% , respectively. The results indicated that the devel-

oped NIR models exhibited good predictive performance for oleic acid, linoleic acid, linolenic acid, erucic acid and

nervonic acid. Therefore, this method could be applied for the determination of main unsaturated fatty acid contents

in a single rapeseed, and its accuracy can fully satisfy the requirement for the rough screening of intermediate materi-

als and early — generation breeding materials in rapeseed quality breeding.

Key words:single rapeseed; near infrared model; fatty acid; partial least square

TSR A — IR Ry, o2 HH A B
GHAEY) AR RS EA EE M 3
FH TR £ I, & A A6 75 i 2 Fh s i
1R, i T AR (TR U3 R B4 504 3 i 5]
60% FI 20% , FH iR £ 5 1T S b A2
MR RS R RRAE 9 AR NS TR, S Rk
PN FIRR 220 2RO R A, 18RS A i
o ASEFHIARE & A 2R

ULLL AN ERE ST H AR H AT E 35 3045 A i i 7k
S BRI A LAY BT L AN R X IR
R DR A IR (5 e A — i 2 A2 B
Btk B A 3 R TR R i G T Ak B R
A EAEZG A o LA AR E M
DAL ARG I 77 T8 2T 32, P9 9 T I 3 o
AT . EMTALEE" sy T H i B SR R 1
AR LT AMG IR b 2 - 00 -3 - T3t
TR T 3 — T i FO A A 5 75 T3 00 4 e A -
FE TR T R L LA G R A s T SRS FE
FHIBR AL PRI AT 4 Wk Ve vk AT 2k LIS
5 AT A, b T RO R 1 1 I 5 T AT M
BIsR , AE A desy TR I LA ISR AR E
TSR Hh I 25 5 00 7 0, A i SROF- b B B
MARE T A AR S, B M T A
S8 W & - i O AL DAL [ (OB IRARY N i}
H B R S T M5 00 LA B F AR G
BEAS W SR T e A A A DR A I R

ELIBIRAR, S5 % N N e & T N AN a2
FE A KRR BRI T BUS— E E
i, X /INKFARE 9 T8 S KT i 5 0 5 A ST 7 R AR S il
2 b Xk BORE L RS I S B S LR B R
2SR T 2T A 1 I 5 ORI ST IR & 5, (]
HEROR AN, FLIZ 7 B0 5 BORE I SERF M 208
T VLI SR NG 10 R 2 LA R I i 7R
S JRRER AL RN 7 R R 2, M R 7 PR o AR
OIS R R R RO, MR ST IR

SEIEASG i SRS el A R AR, WA O A
WAV AT 1] o AN T R 2 4y A IE 6 4
B EECE SR, BA 2R B 6E . I,
TR TR 7 Al H AR 2 AL il SR R S Bl A ff A
Jhi W TR 5 1) BB AR v A i D DT IRR R BRI A
FIRWIR & & (WNIFIR) o« AWETEHE AL T L0 5N T
VA S BRI SR TP T AN AR R D R 5 R A T
ikl i R A T A DG UL BT % BORAE
| A AR AS BEAT O AL, 3R A A A L v A 9 3 21 5k
Y & AR HORLI SROFF ff SRR AT R IS 2%

L AR %
1.1 #FHR5{XE
L1 k5

SIS PR BE PG 48 4 5SS i o o 4R AL ok
B AN ] b F 58 5 B DA LA P 48 X R 5 A
220 fy, HAEANE B 0LF 1, KA eI 4:1 4
Sy AR IESE AT 4L , 4% IE FE A i F T A S R L
TR O RRIR | T R FN AR 28 R 1) 3T 21 /MBS Y | Tt 48
FHF PR R () F i M B

To/K Tk AT e SR AR, 30 b
4,

1.1.2 fUd5R&

MATRIX — I {df B i A5 0 50 21 S0 15 (B A 8%
SRV ER  FESR RG2S F1 4.2 em £ DERE AR, BURIRE
a1 2.0 em ZER, BE 4 15 SR PbS ARl g8 )
6890N “AH L1 o
1.2 FHi&

1.2.1 R

TR AL T XTI 12 000 ~4 000 em ™', 43
R 16 em ™' FIFEE 250 YR, 25 ~26 C, 5K
B A 24 i R EL N R SR T B TR EE
L, BB B AL, R 3 W, O
HEAT R



198 Hh AR = 4T

2026 445 1 1

1.2.2 JRIGER A= (E I
BORLIHRT E  R 5 1 A9 2 2 R GB 5009.
168—2016 55 =LA77 # , I % 5 i A7 T Ak
N 2o 2 P 30 o R 0 i W 4 2 3000 L /)
S EE R 20 1, R TR A B AN R AR A
MTTT B T B TH SR A S B R B O T
Vol 2D e 0 IO 1 S ), S 3 v R kG 4 P 9 R i

o

R FRMPBOERILE

i 30 il 2 5 R T 5 W 80 mST 2 5 (Bl 28
I 737 (ZE 2% 13 5 1 5 B 66 A 13,
I 88 (1 1618 (Za %M 7 5 (L 1718 . &4k
1806 L 797 A2 1 5 WL 9 5 L 11
5 Z 919 ZEih 558 ZE{l DK4 7 5 5 H I
7 5 4l 505 48 606 il 777 (Hrim 2y 501 P
i 8 5 Tyl 10 5

22XL110.22GL11,22HLI01 . 22HL113  22HL1 14 .
23N1201 - 205, 23NI1209 . 23HLI06 ., 23HL10S .
23HL109 2371108 .23XL109 . 23X1205 ,23X1213 .
24GL101 .24GL102 .24GL104 24G1201 .24GL207 .
24G1210 .24NL101 .24NL108 ,24N1201 . 24N1.204 .
24N1207 24N1.301

BeviE 30
v

FPRPEUR 160 20N1 - 1,20N25 - 1,20N29 - 1,20N30 - 1,
20N31 -1,20N32 - 2 ,20N34 - 1 ,20N35 - 2,
20N45 — 2 ,20N46 — 1,20N53 — 1,20N58 -2,
20N82 — 1,20N87 — 2 ,20N88 — 2 ,20N90 -1,
20N92 — 1,20N95 — 2 20N96 — 1,20N98 - 1,
20N99 -2 20N100 - 1,20N101 - 1,20N102 -1,
20N104 -1 ,20N108 -2 ,20N114 —1.,200t148 -1,
200t148 -2 .200t164 —2 ,200t165 -1 ,200t167 -2,
200t169 —1.,200t172 — 1 ,200t172 -2 .200t174 -1 |
200t190 -2 200t191 - 1.,200t193 -2 .200t195 -1 |
200t195 -2 .200t196 -2 .,200t200 -2 ,200t203 -2,
2001209 —1.,2001213 - 1,2001220 —1.,2001221 -1,
2001226 - 1,2001233 - 1,210t6 —2,210t11 -1,
210t10 — 2,210t17 - 1,210t17 - 2,21032 - 1,
210141 -1 210159 -2 210171 -2 210180 -2 2IN1 -
1 .2IN14 -2 21N15 -1 21N18 -1 2IN19 -2 21N23 -
2 21N22 -2 21N28 —1 21N28 -2 21N29 -2 21N31 -
1.2IN31 -2 21N52 -2 21N89 -2 2IN97 -1 21N98 —
1 .2IN99 -1 2201l -1,2203 -2 22017 -1 ,220t13 -
2.22025 - 2,220126 - 2,220126 - 3,220127 - 1,
220128 — 1,220130 - 1,220132 - 2,220134 - 3,
220139 - 2,22040 - 1,220143 - 2,22048 - 1,
220148 — 2,220t53 - 1,220t55 - 3,220t56 - 1,
220158 — 1,220t59 - 3,220t61 - 2,220161 - 3,
220164 — 2 22N7 - 1,22N11 - 2 22N17 - 2,
22N18 -2 22N31 -1 ,22EMS2 -2 22EMS7 -1,
22EMSIO0 - 2, 22EMSII - 2 22EMSI2 - 1,
22EMS25 - 2,23xg3 - 1,23xg5 - 4,23xgl7 -1,
14 -13 98 -43 - 1,98 - 85,106 — 17 - 13,106 —
13 -7.102 -38 -3 .106 - 28 -4 .23C1 - 1,23C3 -
2.23C6 -1.23C8 -5,23C25 -2 .,23C52 -1 23C82 -
1.23C118 —2,23C147 - 1.,23C190 - 1,23ZX1 -1,
237X27 -4 237ZX56 - 1,237ZX98 -1 ,23ZX118 -2,
237X120 -1 237ZX133 - 1,23ZX148 -3 23ZX179 -
1.237ZX217 -2 ,23A8 —1,23A36 - 1,23A98 -1,
23A103 - 1,23A131 - 1,23A148 -4 23A178 -2,
23B4 -2 23B12 -3 23B12 -3 ,23B25 -1 ,23B44 -
1.23B51 - 1,23B62 - 1,23B51 - 1,23B73 -2,
23B85 -1

1.2.3 Stk

TEREENE i AT ZL AN E TG I, 3% P P e 2 g A
BEPLIERT LIRS (R AR Dl BU S E R,
B, G AT, SR CTE UM AL B2 A B 2 Ff
TEIATA A LIUE BRI RS o Bt WAL 215 3% 2 B
FEREIH—AL (VN) (ZI0HU L IE (MSC) (Lt b
22081k (COE) | H 2203k (SLS) ek - fie/MH
—i%(MMN) |\ —Bir @E(FD) | i % (SD) s 7
LRSI F Al T s LA 2 T R A5
A BARP R AR, i DRASE R 4 ] Sk MR 1 o

2 BREAM
2.1 HamiZEMNSHT

] PSR 0 85 T 2 Bl SRR 3Rk 12 L IV 18 2
WERRER ST A A A (A LA 20 H Pl AR AT
PR HA) 22 S5 W 82 K, IOk 43 BV L 3l 7. 14 % ~
85.08% .0.00% ~60.96% , Wi B2 . W RR BRI 22,
BB 9 1.50% ~ 27.79% . 2.82% ~
16. 02% , 1l 22 [ 22 5 W J3E Foe /D, Jo &2t 0 B 1Rl hy
0.00% ~1.48% ,“F-YJ{E N 0. 64% . Pkt itk
ik, FEANE 36 115 D0 I ST AR 25 AN A
iR ZH o B9 AL

F2 ORISR T IR R 5 T i A HA A

iz FE SR f/MA BARME CPHME PrifE 2
45y /% /% /% /%
Cl8:1 220 7.14 85.08 37.85 26.19
Cl18:2 220 1.50 27.79 12.76 4.45
C18:3 220 2.82 16.02 8.52 2.02
2:1 220 0. 00 60.96 27.02 24.67
24:1 220 0. 00 1.48 0.64 0.49

2.2 BRE ZHH AL SN LR

AT LLA G AR R KL 22 R SR 1) 3
UM eI H A 1 AT UKL 2R SR I £ Ak
DT AT U 11 A7 2 A A e b AR — i, (EL IR
WA S 5 JBE I A8 AN ], PR SRR ) M A A 5 B
55, K T HORL R VN, K AP AR &
TR, AT N AR A5 AT B, PR Ak
TSR L ME R Y 57 52 R
2.3 BRilIRATARRRAM SERIEE

BORLI ST 2 A AT A B 7R UM A B
AT 5E ARAT HURE I A Y SO i P el P 2l D
BRI SRAT I A5 R TR A 7315 27 min N SEBLSE 420
2 HA g g Y [T Wi W L BERE I L A
TEHER E BT BRI AT IR M TR s 0 Iy



FALEE L EWESE

UTLLAME G DR I 5 BRI SERF P 2 2O IR R &5 BT 199

I
N
1

1 1 1 J
12000 10000 8000 6000 4000

Wek/em!
a AL
1.8
1.6
1.4
1.2
o
= 1.0
0.8
0.6
0.4
1 1 1 ]
12000 10000 8000 6 000 4 000
WE/em™!
b £k

R BRI RARIS A HIC]

MZEEN A MR AR RE R (C16: 0) (A IRR (C18:0)
IR (C18: 1n9t) | 3R (C18: In9e) LR
(C18:2) JFARER (C18:3) FELEMR (C20:0) (FEA M
MR (C20: 1) \ Rk MR (C22:0) (TR (C22: 1) |
MR (C24: 1),
2.4 IR

H T HURLRE il 3T ZL AN AR R 8 A 2 A, A
FIELLAMNE A OPUS 7.0 R il i/ — ek (PLS) g
SERERROGTE 5 41005 B 2 W) R o R AR, R A
OO PR L G35 Tk 375k A 3 o Bt AT
A, 38 o LA RIS TR ) S A8 200 R 1 A2 e 0 119 S AL

500
450+ 10
400+
350F
3001
250F
2001
150F
100 1
50F h
12 16 20 24 28
t/min

TE:1 2y C16:05 2 2y C18:05 3 Jy C18: 1n9t; 4 2y C18: In9c;
5 g C18:25 6 Jy C18:3; 7 Jg €20:05 8 Jy €201 159 2y €22:05 10
S C22: 1511 Ky €241,
B2 ARl A

SR DAHISERE(RY) I IE Y 7 R 1% 22 (RM-
SECV) (Tt 34 J5 A 13 22 ( RMSEP) F1UAH XJ 43 #r 15% 22
(RPD) VM EM A R AR 45 48 A, R 36 R 30 41 41
DNE 5 b2 (B 2 1 AH G 2% V) F2 Ji2, RMSECV g i 8
1o A H A8 SIS IE BT A5 B 3T £ A WO 5 Ak 2A (E B B
#E 25 , RMSEP JE A R 47 7131 46 E 2o #% v ifz 21 4h
FOMAE 5 Ak 2% (8 1 AR AE D 22, RPD J2& A A A 1 22
(SD) 5t 5 )5 A i 22 (RMSEP ) f LUE, XTI 21
HMELRUTT A DG R B I 1 BRAT, 1 A iR 25
F30 O B AF , RPD BB A , AH I 5% Y (14 A2 e A 95
T4 RE R

BURLY SRR I IR M R PR IR 7 R A A 22
PR T 21 4 M I A5 T8 i A e 3k U4k #0758 R T RM-
SECV 3% 3 ] UL, TR 5 1k 2 A IR BT H ] 3
AL UL IR TR I JRR IR T IR R A 22 2 437 A &
3a. & 3c & 3e J& 3g FIIK 31 &, HA e IRy
R*4¥540.933 3.0.942 1 ,RMSECV 4353124 6.96% .
6.06% ., JHRFNITIR AL AR SC R BUINTE0.9 LI |,
{H RMSECV {H# K, J& i1 T 1 FR T R 155 2 A AR A
mb S S RO TR B/ IMEL 7. 14% , 5 R AH 85.
08% , Hidat @y 1 >0 7Y i fiff ) 5 4 X i) B 1Y)
TR B e M AR, T 38 L G N IE R A i B0 T
PEAT 0 B A B B g — 2D AR Ak . IR L PR R
FI R R 4351124 0. 893 0.0.824 1 F10.914
0,RMSECV 43514 1.53% .0.87% 1 0. 15% ,3 i
RIZEMESC AR RAF, 1 IE ER AT i 1) T s o g 22 X5 7
AT EAZ 0 B DY, BB A5 6 2 Y S AR HE A 7 b i o
PRH I L 7K
2.5 EBIRSMEBIGIE

R T VA G ST ORI SR AT B DT R 3 21 S S A
(TP RE , P8R 30 1034 i A Ay F0I00 4 %o 455 AU 4 £ 7
ANERBEUE o FLFISE SR LR 3 FIE 3, R AR |
MEIFRRIR T B2 Fpf 22 R % vy ok 8] 3b 18] 3d L[] 3 [&]
3h & 3j. AR FIIFER 9 R 43 5124 0.900 9 il
0.940 9, RMSEP 435124 8. 31 f1 6. 13, RPD 4} 5|
3. 184, 125301 3 R IV bR R A 1 28 R O R 43 ) ol

T3 ORISR A N T FRAL 4 T LT S TE

e BRE4E HAE
o
oy H N R? RMSECV/ % R? RMSEP/% RPD
iSRS v v
C18:1 SLS 0.933 3 6.96 0.900 9 8.31 3.18
C18:2 VN 0.893 0 1.53 0.808 0 1.84 2.28

C18:3 FD+VN 0.824 1 0.87
C22:1 MMN 0.942 1 6.06
C24:1 MSC 0.9140 0.15

0.8150 0.88 2.33
0.9409 6.13 4.12
0.8970 0.16 3.13




200 o =R I A7 4 2026 445 1 1)
90 90 28
80 80k
70 70+
60 60
= 50 < 50k
12140- @40_
=30k =
S = 30
%g_ 20
10
0_
L L L L L L L L J 0t Il Il Il Il Il Il Il Il J Il Il Il Il Il J
0 10 20 30 40 50 60 70 80 90 0 10 20 30 40 50 60 70 80 90 0 4 8 12 16 20 24 28
a f2 (/% b AL 0% ¢ A%
281 18+ 16
24+ 14}
20 12k
S 16 = X
o Fo = 10F
= 12r = = .
B ol = =S|
6_
41
41
1 1 1 1 1 1 J L 1 L 1 1 1 1 J 1 1 1 1 1 J
0 4 8§ 12 16 20 24 28 2 4 6 8 1\9 12 14 16 18 6 8 10 12 14 16
d fb21E/% e fLo{H/% AL /%
80 80r 1.6
70+ 70F . 141
60 60 1.2F
50F 50+ o LOF
S 40t < 4ol = 08f
Z 50t £ = 06f
5 20r = 200 8"2"
10+ o =
0 lg . 0.0F
_10- 1 1 1 1 1 1 J 7 1 1 1 1 1 1 J 702-
0 10 20 30 40 50 60 70 0 10 20 30 40 50 60 70 -0.2 00 02 04 06 0810121416
g Ml /% h b2 (H/% i (E/%
161
141
1.2F
© 1.0F
@08'
=06t
=
»—04_
0.2
0.0
-0.2 000204060810121416

0.808 0.,0.815 0 F10.897 0,RMSEP 433>/ 1. 84% .

JEHE%

TE:a Flb 23500 CI8: 1 AL IESE RPN, ¢ 1 d 2350 C18: 2 BIELFNTMLE, o FI £ 23510 C18: 3 RAELEFNHIMAE, ¢ F1 h 2351
€22: 1 BOEEMBUMEE, 1 70 7050 C24: 1 BAEEMTIILE
B3 HORLIN SO R I RRAL E AT B S B B e s 4]

0.88% #1 0. 16% ,RPD 4;

T BT i PR TV R 152 0 428 1

PR 2.28.2.33 1 3. 13,
23 AR EA B Y

PRERFGRE T Y00 T A T TR A 5 00 0 A A 5
o FOUI s 22 A, BERAIG T A 75 E’Jﬁﬁiﬂi{ﬂ] PERE , X
AT BE FH T IH SR Sl PR

/l\wi



FALEE L EWESE

UTLLAME G DR I 5 BRI SERF P 2 2O IR R &5 BT 201

3

I LA TSR AE BRI ST S 7 R 2 43 D o vp
(A INE P fol i =52 1 I TR 7 P A5 L AE PRORE ZKOF - 0
Hirdd o, A Bt — L4 s i R 41 47 e R 9 &
JE o 2T A TE R R T T BRI SR T R
SEFMER I RRER AT BR (AN 5 , [H A 2% 5 AR AE Pl 22
JR 5 AN T P 0 o TR RN R 1) 3T 21 A Y
Y N BB AC SIS IE M AR B UE 1 P e R A AE 0.9 L)
b {ER AR B T 44 MR R 25 B e, I B X 2 AR
RUARE ORI, e B A e it — 2P 8 e . Ik, /&
FERETIRE IE SR RE G 10 B 2 o AR S AR
T4 5 0T 21 A (R A 1 . Niewitetzki 2507 45
FLIT J BRI SR F g 107 B2 5 | () 5 AR b, A
T ST B4 Y T A TR O A WS AIG, T B T A
R i 1 DX TR R AR, B B 1SS 8 (g G T 31 L ()
IS AR AFE TSI 3 T 0 P R 5 T I 950 75 17 JRR PR ST 41
HMERIAER B (L 25057 5128 0. 808 0.,0. 815 0)
5T Niewitetzki 25 42 7 14308 21 AN 50 iR B (
i BRI 0.79 0. 59) o JHEEFE R TR o i
SR LA, EL BT A () 3T £ MR R 26 1 O R 4T, RERS
F IR B A AR AR R P R R AL S
AHGER IR AR S B s S
R RE SR SOZ ISR SR, J5 N [a) A TR0 48 T 1t
R, AR FERIN VR ], 8 s 7R A e

4 #

S 2k DA BRI SR 2140 G R 5 S RO
LI ST 3 B 000 B I TR 41 43 Al S (8 1 0 5
Ve, B FHITLL AN i B AR 55 A i/ — e vy T
SR ST T TR BRI L 2 I R 25 R 1Y
SELLANTUAR , 45220 ,5 AL MR [l s
ZHRUH N 0.8 LI E, H RPD $5TF 2, 5] 4 B g
TR P A L i O R S 4T MR T
B R 2 1, 7 0 R 5 4 B
EFEGE— AL, ABFIOR T LM e B R 5
BT AR SR PR SERE 3 B  FE R4 4
OB PR L HE— S T IS R R I 0
PR

5% ik
(1R, HERMEEFT A 25 08 MR 4L 43 0 Fh - A0 B A b
¥R QTL A7 D]. B Wiy Ra, 2015: 1

Wen J. Mapping QTLs controlling beneficial fatty acids based

on the embryo and maternal plant genomes in Brassica napus

L[ D]. Hangzhou: Zhejiang University, 2015 1

(2] f8RKTS , TRAWT, SCi, 2. SOFFl-S AN R & HIREY
Fran B AL HA R BB e R [T ], R
4R, 2014,29(6) 1122 - 128
Xiong Q, Zhang X, Wen ], et al. Comparation of nutritional
values between rapeseed oil and several other edible vegetable
oils; discussion of rapeseed quality genetic improvement[ J].
Journal of the Chinese Cereals and Oils Association, 2014,
29(6) :122 —128

[3IRER, A, A, 5. RhamoR ORI R
[J]. W EAS, 2021,46(8) .76 —80
Pu D, Feng Z, Zheng R, et al. Discussion on the new source
of nervonic acid[ J]. China Oils and Fats, 2021, 46(8):
76 —80

[4]HE/INAL, PR, 2RHCE, 55 ITLLAMGIE BT R i o
PEIRSGREE[T]. rHrililaE4ik, 2020,39(10) ;1181 ~ 1188
Chu X, Chen P, Li J, et al. Progresses and perspectives of
near infrared spectroscopy analytical technology[ J]. Journal
of Instrumental Analysis, 2020, 39(10) .1181 — 1188

[STHERM, B —a, FERF, . EZLAMNEEPRE R
HON BT SEHERELT ] fboFiddi, 2024, 87(8) :898 912
Shao C, Zhao Y, Lu L, et al. Progress in the application of
near — infrared spectroscopy for rapid analysis[J]. Chemis-
try, 2024, 87(8) :898 -912

(6] EMH2L, ki, T, 5. HiEAmRa H 410 2L oM
BRI S [T ], DU Rz 24 ( A ARBR M) , 2015,
37(3):35-41
Wang N, Zhang M, Wang R, et al. The construction of a
near infrared inspection model for glucosinolate constituent
contents in Brassica napus L[ J]. Journal of Southwest Uni-
versity ( Natural Science Edition) , 2015, 37(3) :35 —-41

[T ETM. 25T CNCPS HILLLAMEHEH AR P E ISR AT
FMELD]. 22 HIR R R, 2016 54
Wang F. Evaluation of nutritional values of rape straw based
on CNCPS and near infrared reflectance spectroscopy [ D ].
Lanzhou: Gansu Agricultural University, 2016 54

(812, Wkt Jalhli, 55, MSOFFMER R & HL L0401
PRI R 2R, 2019,41(1) 1126 - 129
Li X, Yang R, Yuan Z, et al. Rapid detection of chlorophyll
content in rapeseed based on near infrared spectroscopy[J].
Chinese Journal of Oil Crop Sciences, 2019, 41(1):126 -
129

[91ZF}, WUKE, B, 55 FETULLAMGIERHEF 715
JrE MR FE[J/OL]. oy THIY H M, 20231 - 18
(2023 - 12 - 07). hitps://kns. cnki. net/KCMS/ detail/de-
tail. aspx? filename = FZZW20231205008 &dbname = CJFD&
dbcode = CJFQ
Luo D, Zhao Y, Lyu Y, et al. Study on NIR — based rapid



202 Hh AR IR~ 41

2026 445 1 1

Molecular Plant
Breeding, 2023 .1 — 18 (2023 — 12 —07). https://kns. cnki.
net/ KCMS/ detail/detail. aspx? filename = FZZW20231
205008 &dbname = CJFD& dbcode = CJFQ

[10]Han S I, Chae J H, Bilyeu K, et al. Non — destructive de-

detection of seed vigor in rapeseed[ J/OL].

termination of high oleicacid content in single soybean seeds
by near infrared reflectance spectroscopy[ J]. Journal of the
American Oil Chemists’ Society, 2014, 91(2) ;229 -234

(XU, Rk, sk, &5 Sl SO Rl Sl it
NIRS BRI [T ], eyl 2022,36(6) :1137 — 1144
Liu H, Zhou J, Zhang J, et al. Establishment of NIRS
model for oil content in single seed of oil peony[ J]. Journal
of Nuclear Agricultural Sciences, 2022,36(6) ;1137 - 1144

C12]whz s, A%, P, 25 L1 AN BRI 8 A IR 5 iR i
LLANE R TR T ] b R E Y R, 2023,
45(2) .407 —412
Han H, Wang C, Fu M, et al. Establishment of 11 near in-
frared analytical models for main fatty acids in individual
single peanut kernels[ J]. Chinese Journal of Oil Crop Sci-
ences, 2023, 45(2) :407 -412

(13 ] RR4ER. FETFITLLAMGTE A SR K Rl BAL AR P S B R
BORHMEDIFEL D] S sPEBFEHAR R, 2023:104

Cheng W. Study on the association between physicochemical

properties of individual rice grains and eating quality based
on near — infrared spectroscopy [ D]. Hefei; University of
Science and Technology of China, 2023 104
(14125, BRSO, T30, 28 JRLLAMDGIE FARZ Mrik
AT AL I SERF IR DT BR A BE T [0 ). PEAE AR A 4,
2005,14(6) :72 -77
Yang C, Chen W, Zhang W, et al. Study on analysis of fat-
ty acid in single rapeseed by near infrared reflectance spec-
troscopy ( NIRS)
(RPC) [J]. Acta Agriculturae Boreali — occidentalis Sini-
ca, 2005, 14(6) .72 =77
[ 15 ] Niewitetzki O, Tillmann P,Becker H C,et al. A new near —

and reversed phase chromatography

infrared reflectance spectroscopy method for high — throughput
analysis of oleic acid and linolenic acid content of single
seeds in oilseed rape ( Brassica napus L. ) [J]. Journal of
Agricultural and Food Chemistry, 2010, 58 (1) :94 — 100
(16 JJE—48, R, BUE, % JFRBI=R T s
R ST IR R 5t s AL A [0 ). b R B 2
1, 2024, 46(4) .781 - 794
Fan Y, Wu J, Li H, et al. Genetic analysis of nervonic
acid, erucic acid and oleic acid content in seed of Brassica
juncea[ J]. Chinese Journal of Oil Crop Sciences, 2024, 46
(4):781 -79%4.



