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OB ETEEIHREN('H NMR) BEA S5/ 55T (Partial least squares-discriminant analysis,

PLS-DA) , 73 BT il 73 TAEZ 5 60°C I A& 1F T iR AR . A5 RSB 3 B AR 7E 3 1R

IR 135 d, AR EINR 5 BB 16. 46% IR AN 1. 83% , ML AR TR 1 H 3 0 30. 23% , (AL

WAL= YIE SR B, U 60°C N Ak 18 d B R AAL = s 5 16 B, 42 d J5 iR & it

W 71.99% MRS TGN 7.33% MURIRE AR S fE AN 1. 34 %5, R BRI R & it B 4R fk R 3 A Ak 22 7

3% (p<0.05) , HLIg 05 B2 S AL U Sl 22 AN A6 RS 1 B2 ( PUFA ) > BN 40 LIS 7 B2 ( MUSA ) > 11 i1 i 117 IR

(SFA) , Jins S AR 4 s TR AU TR T RE 0T 4 A8 G, 3k PLS-DA A5 B 26 1) 35 S0 Ak 254 . 'H NMRHR

SURITESS G 2 T0GE T 0 7 A S 0 M A AT AR A Ay 2 WAl % T o RN AN 4R S

KR EE N AL R IR s D/ R Rk
1 5l &

B (Coix seed oil ) JERX B HEAYTRPEY) BT, 2N Hh =HE2E 6045 1,3-ilR-2- il iR
HYMEE (1,3-0lein-2-linolein, OLO) .1,2- " MFyHifR-3-7l 2 H g (1,2-Linolein-3-olein, LLO) . =jlR H
MG ( Triolein, 000) 1-A7AE FR-2-3V. i f2-3 -7 B2 H yil I ( 1-Palmitin-2-linolein-3-olein, PLO) ¥~
Pig MRS H e B 3R R (KB, A T By M ) & i W T e A, s i i £
IRE e HMAR BT IR > o BRI R S i A R PR R R B & N
Fan B RS 2 FERE R B IA T 2R T SN IR R g 1 R i S T 80% , B v Ak 4y
fife, SR SR R R T, R R A A KU I L & R R A S ), B R, TR
RS T ZE05 B B4R B D) R Bl e AR 100 A DG T A ) REURTT 5  OG T  T HL
S M 11 R 2R 2% 1 A B SR Al R P 2 T i A A s AR v AR A FH 3h A8 AR AR ARRAE 5 AR TR L
il A A

WHAFOLT, Fe BRI T 0 F R AR RS 28 5 32 B2 T 20 SRR T AR s 4R Ak S
(Schaal Oven Test) JyihAE R Pl A &0 F B E )2 W TR A AL fae o ' il eIk &0
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Al) 3 SK-1 BUBEIRIR A4 (VLA S35 T A BRAUERIETE ) 3 GX4SB AL/ AR ML ( KT 28 TR )
TABRAAD) .

BB MBI = E A BR AR R E S BIG A co, ZEHL, 4l > 99% IR # ik,
WRICEH , T 4°CAR-A7 5 ARG (CDCL,,99. 8% , & 0. 03% DU FE Ak (TMS) |, iRz T A= AL BHRE 47y
ARAF) .

2.2 MR EE

IR AR A S S E R I E TR, T AR, AR 12 h 33 2 min, 5
ERPER T, B 1S d BURE—IR, F20°C %R A7, 7' H NMRIUAE

60°C i 42 Ak 1 FE ) 450 SR ML AR 0 A D o AU AE R e I R T B L,
(60=1) °C FHEAE s O SBEOCEE AT S BE AL 42d B8 12 h XSTHFEATHERE 2 min, JF 2028 H AR HLAH
HRCE NS, 0 ~15 d, 505 d HEATHUE; 15 ~42 d, B3 d 70 RS R A 2 %0, T-20C
AT, A5 H NMRIU 2
2.3 HmA'H-NMR UE

RESR AR RS ARIZ I 200 WL WA, 5 800 wL CDCL, R4, e 4k % 60 s, & T # i 5
min, B 600 pL IR GRS E 5 mm BEEE H , 247 H NMRIE, ZRHR T BB . RA
1D B fpkr | LR M2 K 500. 16 MHz, BF5 R 32 K,90° bk () 5 fE R 7. 57 ws, %5 7507. 5 Hz, il
BFEIR S s AR SRS ]2k 1.75 s, R RECR 8 1K,

2.4 EEEEESNW

W INAS A —2H ) B 0805 5 (FID) S A MestReNova 11. 0 #PFHEAT 8 7 25480, %45 2 il —
4:'H NMR 35 Bl T 548 A s ERAR G B st DL TMS (6 0.00 ppm) HNFR,6 7.26 (ppm) HJE
F CDCL,( CAS: 865-49-6) U FIIE(5 S, ZRILLAHE)G 32185 60°C Ik & 1L 41 F & i m
"H NMRIEE M SCHk[ 22 ] 3454 Chemdraw B4 W65 5 A7 06 2 P T | R STk [ 23 T B9 7 vk ik
frE M, DIBERAE | o- W RS (—O0CO—CH,—, {55 E,82.20 ~2.40 ppm) 2L F> 1 Rks
HE SR N HAY 8 AN S AL sh ALy, FRE I O AN AR, FIME e 5 100, F5H A ~ T 45 9 /i
A, B S A Origin 2017 Fl Excel 2016 H/ER], ' H NMRAE S 2 o Hr 8 03l
ZMNgIR & &, G ST (A) 572 e 10 EURF R 50 BLE H, I B HE B+ rg 2578
A0 U T8 S A ) A P AR 45 TR e i IR, R R SR A S (1) L (2) AT(3) A R
(Linoleic) \JHER ( Oleic ) MV AN K P A9 NG I R ( Saturated+ modified ) B 73 H &

Linoleic( % )= 100x(24,/34.) (1)
Oleic ( monounsaturated ) (% )= 100x(A,-2A,) /34, (2)
Saturated ( saturated+modified ) (% )= 100x[ 1-(A4,-34.) ] (3)

Ao F Ry H S TS BT (B TS S o S5 F) BIERIE S5 D A N B (SO X T
— R o S2FT) SIEIE S5 G i HImEs A i L B 75 R R 5, X 2675 nl Tl e
O RS IR MR 55 ) BB R 43 L, DA SN Tm) I ik A B8 %) 38 20043 vh R ST VT R Vil R
AL S VR IR IR R BE O B 4%, BF9E R, B3RS F D A G M Fe e ki A >
2.5 ZRGEITHM

BRI BV BEAE Excel FREEAT AN —AL)S -5 A SIMCA 14. 1 B PFHEAT 2 080 0 bT , BT e 4%
BAE AL T 20N Pareto scaling, >R H PLS-DA A [E IR T &R i 743261 ) % Permutation test
SRR ) A SE R T IR UE , SRR S 2 (AT 200 YR EEARR 0

3 ARSI

3.1  FREEETiH'H NMRIESELE 451
SEV T H I = S IR R v NG DT R 4 A YRS NS D R I EE S H NMRAG
SHTEEIH B0 FE S TS 4k SR O N B RE D R I ER LS A AN 1 TR, 2 1 SR AN B BE X R B Ak 2 S
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R i TR AL 2 s K BT AR, IO (G S A E SR A B2 X I, B 1 Hh A ~ 1389 FifES5 78
80.00 ~5.50 ppmZ i), HrP {5 5558 4 8 1.20 ~1.43 ppm ({55 B) F1 5 0.82 ~0.94 ppm ({55 A),
55 B AR R AR IR A A R L i B S HO T, A {55 U & BRI RR R LA S 9 FL AR R i
FRA S I W 3 H P, An3R 1 o, sS85 506 1 2 oy 3 00 vh Ho vl = B R RS54 b H B 77, 3
W B 1) R IR S A2 R BT R 1T 9 & i b6 Ul H NMR S 5 08 5 19 H il 18k 445 40 1
N A B.D Hil F 55 WAL 00 %45 2 B T RO S5 B8 St

F 1 FUCIAEPIRIRR H NMRIG IR

Table 1  Assignment of the proton nuclear magnetic resonance ('H NMR) spectra signals of fatty acid within coix seed oil

samples

fr 5% A Fe T REHEA]

Signal 6 (ppm) Functional group
A 0.82~0.94 —CH,CH,CH; (Saturated, oleic and linoleic acyl group)
B 1.20 ~1.43 —(CH,),— (Acyl group)
C 1.55~1.69 —0CO—CH,—CH,—COOH (Acyl group)
D 1.93~2.13 —CH,—CH=CH— (Acyl group)
E 2.25~2.36 —O0CO—CH,—COOH (Acyl group)
F 2.73 ~2.87 HC=HC—CH,—CH=CH (Acyl group)
G 4.10 ~4.35 —CH,—OCOR (Glyceryl group)
H 5.23~5.29 >CHOCOR ( Glyceryl group)
I 5.29 ~5.43 —CH=CH— (Acyl group)

3.2 ERCHEBSMES/AYE'H NMRIEQEIE TV ERDH

WFSE R BT, £ R AE I S8 10 3l B 1k 35 26 R A | 0 LA E s S Ak 0TI AN PR R e v | B ) A2 25
M, e AR E I R

H Pl 1 ] O, 3 & IR A R T H NMRF8 SU B3, 46 0T F WA 59 3 R R KA Ak 7
60°C I AE AN VA &5 IE HE s B2 AR A T e, [ 1B R a3 iR SRR R 28 N TR RDBLERE ) BUR TR
B NFER) 1F (D A5 5 0 Y w5 B LR A [ R B () RRAIG, L SUA TR 3 (F) 1550 ( 6 2. 747 2. 761 FlI
2.773 (ppm) = HIE) {5558 EM 30 d TFUR R8N, (AR TR 4544 v H 2k (A RS ) JULRR RZ 3%,
— AR B A B A A R SR N R IR TR 10°C AR R R R i 1 Y R, S E
TR AR EE I S A S B U AR R B R, g D R Ik S Ak A T ARk, B AR T — R
F G A AL, S S B AETPTE § 5. 50 ~10.00 ppm. 28 TN 8 4800 S8 T 3 00 i s ]
A AR 3 i DX R TR DL L T RO S R RS2,
3.3 BEVCHEAIERAERBEBENTK

M 3.2 7 i P B UAAR B R I SR Gk AR AR A TR S Ak A R & A B AR Ak Bk
RS , AN TR B TR] AR A A B i AR AE AR AL, 48R T AR AIEE I 015 5k B ol . 1 2 FNIE 3 B B h 4R
FEHIR LT (59 A) JER IR F (9 B) {5 S22 b 150

WIS S IR IR AN RIS D7 R, 7RI A v, WRLRE X R b A R R MR e
KB I B AR A AR TR, B e =R S AL 2 5 0. 82 ~ 0. 94 ppm Al
8 1.15 ~1.43 ppm FYPEREXT LU 2 F1E 3 Fizs,8 0. 82 ~0.94 ppm &b A& T 4% 15 15 2 AH 3% ity F 6 o
T,0 1.15 ~1.43 ppm ZbIHJE T B (2 A9 FH L5 T, sl ih T U8y 7, DA K S0 9l R | il 8 R A R0 i D5 7R
B A BRI | 349 ] 3 ok P A T

WK 2A fis, S5H8Hm 6 0.856 , 0.870 F10. 884 ppm ALV IR FIAE IR (0+S) {5 SHH L, & I
IF3E 135 d I X SefE S04 B e A RIS, 18 0. 880 ppm Oy IE IR (L) KL A5 558 s b
FEEI3A H1, 61.289 ppm JHERAIEIHER (L+0) {55 . 8 1.259 ppmilifiR (0) {55 | & 1. 242 ppm M FIARN;
M2 (S) 155 s B AR AL AN i R WIAE S IR AU T, B IAS PRI 17 1% Tk o S A 3 12

MAERE 2B W S5 EEAE b, 60°C ik 4k 24 d 1,8 0. 866 .0. 880 F10. 894 ppm YV AR (L)
VA e B T Wb i) 5 42 d B SIE VTR (L) S 5 0 2% (PR B2 A 6 0. 856 ,0. 870 i1 0. 884 ppm
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Fig.1 "H NMR fingerprint of coix seed oil samples during oxidation at room temperature (A) and accelerated

oxidation at 60°C (B) (80.00-5.50 ppm)
MR B AR IR (0+8) {55, TEE 3B W 5%
B {8 1.289 ppm iz & W AR (L+0) 15 5.
8 1.259 ppmilifiR (0) 15 5 U5 B 7 48 Ak 19 8] Y il ik
55, UL IEE A 42 d, SRR S 04 i AR Ak
K, HU R ImER B AR AR R (0+S) , 2 B in A
b S G 8 A o Bz I i 5 45 AR SRR, LY
MRS W A5 K, 8 B R T R R Ak TR
PUFA>MUFA>SFA , 45 5 5 SCHik [ 26 ] 4018 4% il i 4

A " B N
135 d 42 d
—_/“/J\L(SO d JL 24 d

0+S 1, ’
N ’/0+S
L
0d

0+8

0+S L /L .
0+S

L
0d

&R 5
3.4 BERCHELIREFENRSETUERST
FELAD A T 12 L G5 9 I ot Jo A O, [ I 2

1 1
0.95 0.90 0.85 0.80

[ 2

o (ppm)

1
0.98 0.

94 0.90 0.86 0.82

3 (ppm)

EEMEEEZEIR(A) S 60°C LA L (B) 11

M3l i PR 1 i A SRR A 7R 5 sy i
A5 32 B AR (1 0,) JERGH AR 7 AL B 1Y
UGN I R WA VAR 8 =R e
fift, SR

R = R R AR 1 T i D R 5 R A
Bl 4A Jr7 B 38 03 b R 5 i 34. 20% , i

(87 8 0. 82 ~0.94 ppm AY'H NMREYPIER, L. T
THERIEIE ; O, VNFRMEIL; S. TRAR 7 R T JL
Fig. 2

temperature ( A) and accelerated oxidation at 60°C ( B)

"H NMR spectra of coix seed oil samples at room

at 6 0.82-0.94 ppm. L: linoleic acyl group; O: oleic

acyl group; S: saturated acyl group

i &5 50.22% R IIIR & fF 15.58% , 3% 5 Hu 21 S MG 5 CO, ZEBUK GC-MS M #8013
NE TR & a5 A, R A WA M, H NMR5 GC-MS & S4Bt i v I iR & 45 5 A0
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S
0d 0d
L 1 Il 1 1 1 L 1 1 1 1 1 ]
140 135 130 125 120 1.15 145 140 135 130 125 120 1.15
o (ppm) o (ppm)

B3 B CMEEE R (A) 15 60°C AL (B) 1] 6 1. 15 ~1.43 ppm FJ'H NMRAHIE K
Fig.3 'H NMR spectra of coix seed oil samples at room temperature ( A) and accelerated oxidation at 60°C
(B) at of 6 1.15-1.43 ppm

O IR S R rh, B TRFNRR 7 R % R BRI SR, S Ak 30 [) A 1 R g J 1 5 ok /D>
5.58% , Hirp, WIMPR &R 16.46% BRI 1. 83% , 1R AN B R EE AN 30. 23% , 45 50 5 4 [F] 4%
T B U IHIR D R Tk i AR A O — 3

P IAE 60°C nE A A IR & & 0 AR (b an 8] 4B TR, BE & SR AT ] A SE K ST R 5
IR RS TR S ST RS BRAC IR AR IR i R I A AR 0 ~ 15 d, AR
iR 5 1980 1.86% 5 15 ~30 d, MEAMER & 19820 61% , AT UL, 2B B 04 S A 2, S il 7 e i
WU ST AR, 30 d JEIMER ARG th BT R, AR R I R & fE s 71.99% R 1 i
BT, 33% AR FRE TR S i G 1. 34 A%, 2 IR U A ALk 0 Tl SV e e AR A R i B S T
PR AR AN AR AR TR 5t TR o 3 AT R DR Ay I 9 7R S At St TR, ol AS T R B IR 1) Bl
IR & i PR B SIS R A H NMR AT AR W i s A Ak e AR b IR e & B sh S s Ak
MIERA

551 A 651 L

| —=Linoleic (%)
—*—Oleic (%)

- —*Saturated+modified

—a— Linoleic (%)
451" Oleic (%)

I _aSaturated+modified

35;\,_,_—‘—‘\"—‘_,\‘—6
251 '

ISM

1 | | Il 1 Il 1 |

1
50 15 30 45 60 75 90 105 120 13
t(d) t(d)

K4 =iE(A) 15 60°CHNE A M (B) A0F TR B AN R I S 3k R il I AR R 17 2 A4 L 11

Fig.4  Proportions of different acyl groups, linoleic acid, oleic acid and saturated fatty acids in coix seed oil

55

451

Fatty acid content( %)
Fatty acid content( %)

samples at room temperature ( A) and under accelerated oxidation conditions at 60°C (B)

3.5 ERCHELHBEVRSREENLTDENLSH

HT 3.4 FERATA, Bl Z AR R s R 1 S A0 301 B R A B ., PSR 3R B PURA 1Y B ik A2
AT Y S A A it — 2D SE A BRI ZRAL S Y A O ke AR AL
P BRI AR F R BN S A A R AN ] B B H NMR A6 SCEL S UL RO SR E BE S3
il sS4,

T M7E B IR A AL, 72 6 8. 00 ~ 8. 50 ppm &b AT ALY 574, HARHBL 6 9. 00 ~
9.80 ppmib AR AL W55, 5 Guillen % WSS AR L, FeBIBARTRLEE T £ 1 il 42 Ak 1755 1 1)
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K, BRGNS B IMAE 60°CInE AL R AR R B S A E S . SRR RE,
R T G0 AW 0—0 S5 IR A b A B i SRR 5L JF 10 B | W |2 | B
JEAF R AT, FEOLE T AR S R TR e g5 R0 B Bl 0y H NMR &3 7
89.30 ~9.90 ppmAb A7 5774, ELE 60°C INE 4 Ak 18 d BT, B i WLE 2 B 24 i i {5 5 W = 2, 40 3
4 89.764 ppm MY n-%ilE5 8 9.497 F19.517 ppm A (E) 2-1EE X 5 40 T WM iR & 255 18 d
HH B ORI A2 AR — 55, FLIE 2 SRSt Ta] AR 388, £ 5 DAtk B R i g k212 B g 3 I, IR Ak 7=
Y A S AR R TR B 3h B AT B B A B A S KRR
3.6 EW(CHEMNLTA PLS-DA 5

R T A HBAR AN [ SR A5 AR B S 52, R PLS-DA #3743 55580 | PLS-DA 134571 5
BRI UE 5 ULE 5 FIE 6,

@ Accelerated oxidation of coix seed oil at 60°C (PLS-DA): Validate model

4r B Room temperature oxidization of coix seed oil &M3.DAACntercepts: R=(0.0.0.152). ¢*=(0.0.-0.298)
3F AR
0.6' _____ A ™ 02
2 60 0.5 ; s AT
ity 04 A R a
Ir 120(] L
— 0.3t 34t -
o 0 0.2r § ‘ A L
= 0.1} i ,,,,,,
0 i g
) —oil !,/ ] |
3 02}
Sd B
Al I I I ® I I j -0.3 3 II uE
8 6 4 =2 0 2 4 6 8 0.4 ' ' ' ' 1 !
-0.2 0 02 04 06 08 10 12

t[1]

. . 6 PLS-DA #RERIHT I 32 23 B 45 200 YR iz A
KIS AR AR A R B SR A )8 R PLS-DA BRI
4 P

Fig.5 Partial least squares-discriminant analysis ( PLS-

Fig.6  Corresponding validate model plot from PLS-DA
models based on 200 permutations test for the first two

DA) score plot of coix seed oil samples at different
components

oxidation conditions and oxidation time

WE S Bz, 28 1R RS I S s S AL S IR AE PLS-DA A3 BB 0 43 185, B o g Py
SHRX R*Y I Q° 539J& 0.935.0.704 J2 0.597 , ABLHLIE 0°>0. 5, vt BRI B L5 68 1 AT G
JIRAF, FEMBER SRR R AR T A, S A AR R BR A, X4 B RR B 9 HLE= R S
AL IIRE Rl A AU I ] ) SE K R OR R AV Ak (5 85 Sk BT e Tl ) o i S AL AR A5 40 28 i A AR
P, SR FH 200 URCE ARG 50 % BT PLS-DA BRI AT IR 0E (18] 6) » HES7 Y PLS-DA #5575 iy i Jif 5 46 45
e R*=0.152, Q*=-0.298, W B4 K A Q° <0, UERHEAS I , B PE AN BUN M #5 4, HLAS PR
TGS, FiRZEREI 'H NMRZS A PLS-DA AU AT A R0 P2 5 5 sk Ak IR, R AE &5
o TA LA i H , ST AY PLS-DA R REXT AL M e I AT 4328451,

4 HFig

4 PER (500 MHz) 'H NMRH8 SRS H AN B 0 A L AR L HE T W, & I3 S0 e =
SN E LI H NMRIESURITEAFE B B 25 5 . SR A IR H NMR R 3% 45 Ik 3 AR (AN B 2, i
I ACAAE T B IR AR RS RURTN FE D9 3 0 e ok B AR b B 3 B R Sk v S TR
1R K A RGBT 1R & 4300 M 34.20% 50.22% F115.58% , & iR &AF T, HOR R iR & A8 AL 25 18
e 135 d 98/ 5. 58% , Hoip IR & B0 /b 1 16. 46% IR S 3N T 1.83% i i S AL 3 1R 9k
P MR 5 AR Ak S R 1 i ST T S BRI T AR R e R B A 15 ~ 30 d WETMPR B
AT RE,30 d IR S N, A ARITRL SR S kb 71.99% TR E RN 7. 33% A
PR S e N 1. 34 A5, [RIEE AE BRI EUAL S5 1 T 3R R A AR A5 5 06 Hh 3, n s S Ak T AR FE S
18d B 2 IR P AL W55 0%
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H1'H NMRISGLUA 1S5 PLS-DA X 8 i 73175 5 i AU 404k 2% 18R 2B A7 00U 23 B )

ZURTTAL, TH NMRAE SRS REAR i RAE RS T BB 55 RBUE S, ST 0r ik
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1
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Study on Accelerated Oxidation Characteristics of Coix Seed
Oil Based on 'H Nuclear Magnetic Resonance
and Multivariate Statistical Analysis

XIAO Shi-Yun, ZHAO Ze-Wei, DING Zhu-Hong* , CHEN Si-Qi, DU Bo-Feng
(School of Liquor and Food Engineering, Guizhou University, Key Laboratory of Agricultural and Animal
Products Store & Processing of Guizhou Province, Guiyang 550025, China)

Abstract Based on proton nuclear magnetic resonance ('H NMR) technique and partial least squares-
discriminant analysis ( PLS-DA) , the accelerated oxidation characteristics of coix seed oil at room temperature
and 60°C were monitored. The results showed that when the fresh coix seed oil sample was stored at room
temperature for 135 days, the linoleic acid content of the oil sample decreased by 16. 46% , the oleic acid
increased by 1.83% , and the saturated fatty acid increased by 30. 23% , but the primary and secondary
oxidation product signal peaks were not observed. When the coix seed oil was accelerated at 60°C for 18 d,
the secondary oxidation product signal peak appeared. After accelerated 42 d, the linoleic acid content
decreased by 71.99% , the oleic acid increased by 7.33% , and the saturated fatty acid content increased by
1. 34 times, indicating that the content of fatty acids varied significantly at different oxidation temperatures (p
<0. 05), the oxidation order satisfied polyunsaturated fatty acid ( PUFA) > monounsaturated fatty acid
( MUSA) >saturated fatty acid (SFA). The deterioration of accelerated oxidized oil samples is faster than that
of room temperature oxidized oil samples. The PLS-DA model could identify the oxidation conditions of coix
seed oil. Therefore, the qualitative analysis model constructed by 'H NMR fingerprint combined with
multivariate statistical analysis could classify and identify the quality changes of oil oxidation accurately, which
could support the reference on quality control and quality evaluation of coix seed oil.

Keywords Coix seed oil; Accelerated oxidation; Proton nuclear magnetic resonance; Partial least squares-
discriminant analysis
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