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Profile Analysis of Free Lipids and Starch Binding Lipids in Rice
Based on High Resolution Mass Spectrometry
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(Institute of Grain Quality and Nutrition Research, Academy of National Food and
Strategic Reserves Administration, Beijing 102629, China)

Abstract: Four varieties in Northeast China rice were used as research materials, and starch bound lipids and
free lipids in the rice were detected based on high-resolution mass spectrometry. A total of 371 types of free
lipids (including glycerol phospholipids, glycerol esters, ceramides, and fatty acids) and 14 types of starch
bound lipids (phospholipids) were detected from the four varieties of rice. The partial least squares
discriminant analysis (PLS-DA) results showed that the four different varieties of rice grains can be
distinguished by starch bound lipids and free lipids. The results of this study provide technical support for
revealing the lipid composition and lipid analysis of rice.

Key words: paddy; free lipids; starch bound lipids; high-resolution mass spectrometry

WA B 2023-05-16

EEWHE . EFHELANAITR (2022YFE0117800)

Supported by: National Key Research and Development Program of China (No. 2022YFE0117800)

EE®IA: KR, B, 19824 A, Wi, MBS, BF5E 10 IR Ak 5l i 5. E-mail: zd@ags.ac.cn

BHAEE : PME, L, 1971 Wk, Mid, BF5Eot, BEA LRI, AT Eg, It m oM e B 545 . E-mail: sh@ags.ac.cn.
TEH TR Z1 L PCT,




iRl
4] (1]

E31%5 2023F E5H
elFl 30 BEET

WE MR B KB4, Hi 30%
BT RS S =2 R R B B SR
MBI Z—, W H 5 VR R o0 A B IR
JRANGER S A RE D JEM A A IR e TE S ik
A REE NG IS, 32 B0 A T8 LB RL 1) R L
W, 5 EEEEM A B AR SR, AR RS AR T
MRS e IS B LIS W BRI e RAf e, 15
SYTERIRZ . IRZEFN IR, AE I ARSE
CHM=HE . Hl ZEeAH S — B85 ) AH
B2 (WEARMENOG . BEAREEC mEhe . BEAREEH
25 DI ARYE S . SRS AR, B
(1 i JRAE b 2 A5 oA B A R

W AIEE(TLC ) B AR (LC-MS ).
T R (3578 A O (HPLC-ELSD ). #%
BEI ARG (C'P-NMR ) 252058 R R A A
AR ARG PG E AR M &, eSS B
XT3 (ESI-MS/MS) . 56 I i B 0O\ i WA — 6 A 7
I 6] i 3% (MALDI-TOF-MS) . DU B¢ #F — % i Bf
( Exactive Orbitrap ) Uik DA K B g HR, X
BE AR 2 T RE B I 2 B AR SO TR
G BRI B 5T R R AR R E AR X 4 A SRR
A il S IR BURITE M 25 A BR B T o0 A, AR AR
RGN B LT SRR
1 #RlEAE
1.1 ik F 54

BBUARE S ALFE H R (TG 18:1). Hilh—=
s (DG 18:1), fiZemtli ( Cer d18:1/18:0), —+
N MR ( DHA ). BEREIEARSE ( PC 16:0/18:1 ),
WA WE Z B2 (PE 18:1/16:0). WilgmtH i (PG
14:0 ), % IMBEAEHENRGE (LPC 18:1. LPC 16:0 ).
WINBERSBE 2 B2 (LPE 16:0. LPE 18:1), ¥ Ifl
WER®MEH M (LPG 18:0): %[ Sigma-Aldrich 24
Al IR A, WEE. OF. FEE: %
[ Fisher A AR ; #B4E/K .t Milli-Q #8 4k 4k
BRGNS HA TR 2E 5 A=)
N
1.2 XF#E5iEH

T 75 AU AH 5 1% — L3 W ST % X ( UPLC-Q-
Exactive Orbitrap ): JE[E#H A H]

1.3 BAEm

RS LR 4 5, SRAMRKRIET AF
Wi 2R 18, Sk b RZH | HPHIFIG /R
WM AT ekl 31, Sk B biiduAkIX . HpE
VLA R EETIMR 2 By JERS 18, R &b 22 vy
S A PHIRR RETEAE S TS A
A2 FSE28 AUNEAHUN S, HEH] 3100 AISLLS
2 THE UM R BB T B iy I 1A T Bl B B
1.4 HFEEERRE

FREX 0.15 g KBy THLEEE h, INA 2 mL & A
200 mg/L 2,6-—RUT HXT H i Y = S HH be - HE
(2:1, vww) IREWW . /KP4 60 min $2HUE
BIRERT, B EUE IR, R R IO
Wo ¥ LR =B R LEERIRS, A
1 mL @K EBREH, 10 000 r/min &0
10 min, T A% 25 E 7 — T H g g
HOIFFE RS B TR IR BT IETE 200 uL
=AM R HEE (2:1, va) H1, 022 um HAL
PRI 8 . U FHE T, Wl T
UPLC-Q-Exactive Orbitrap B #r1; 155 F 4
BEAR, W WO B =A% 34T UPLC-Q-Exactive
Orbitrap JFT &7 #H7
1.5 EMEEIERIERR

i RERIFE AR, PRI 0.5 g Kby T3k
WY, MASmL —EH /MR (21, viv),
KPR 20 min, 43 B 5 BAH, FIA SmL =
AW GE/ BT A, LR RES =k, 155
R YIH T T — D #RAE

W EMA AR, B2 iR
KERAPIIMA 8 mL IENEE : K (75125, v/v),
FEB VA I 2 h, B EVE W FEILA 8 mL 75%
TE B K AR E 1 h, BRI W B PR B
M) FIEWIR S, H 75%IENERBEE 15 mL, i
Ja, BU 1 mL WA 0.22 um A HLAHJE T 8 &
W& AH /N 4T UPLC-Q-Exactive Orbitrap JFii%
G307 o
1.6 UEEHZE
1.6.1 WAHEES4L

IS . Cortecs C18 (100 x 2.1 mm,

119



E31% 20231F FES5HA
BT 30 BEEH

iR il
4] (1]

mREFF—

RRGRETSERIE
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Table 1 Gradient elution conditions

A5 [6] /min WEIAH A/% WLBAH B/%
0 63 37
20 2 98
28 2 98
28.1 63 37
35 63 37
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%ﬁ RIMAETE RG2S, TG, FA Fl Cer

BT i i 2 R T (Anf&l 3B AT 3C BN o

2.3 BEHERSTHE

WRUGHERE, B EE A 3 Ik, DK R
O3 T UG T AR B AR AR, YR R AR R
fIbRAEM 4 o &SRR B I A Ze T B L AHOG
. LMEHINTEAER IR 20 fE—EkE
WHIN, BIEHREIIRT 099, RULELRR
o XM EBEZWIERHEITE R, 15 FA.
OAHFA. PC. PE. PG, LPC, LPE. LPG. DG.
DGDG ., MGDG . Cer., HexlCer. Hex2Cer .
Hex3Cer . TG % 16 Z&{i B JI§ Bl LPC,LPE . LPG

o 45 NG BRI R B IR BB B 55 3 RTERIAS A AR
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Table 2 Linear equations for standards by UPLC-Extractive Orbitrap mass spectrometer
i ot ERET m/z R R LML/ (pg/mL)
TG 18:1 [M+H]" 886.433 0 Y=9.441 07e8X+1.124 9¢7 0.993 4 0.005~0.2
DG 18:1 [M +H]" 621.990 1 Y=28.219 55e7X+655 799 0.998 7 0.005~50
Cer d18:1/18:0 M+ H]" 566.545 6 Y=1.688 89e8X+43 949.8 0.994 5 0.001~20
DHA [M—H] 327.2330 Y=1.034 37e8X-330 765 0.995 6 0.005~5
PC 16:0/18:1 [M + CH;COO0] 818.591 7 Y=2.7212e7X-180 170 0.993 8 0.01~50
PE 18:1/16:0 [M - H] 716.523 6 Y=6.867 09¢7X-70 285.2 0.990 2 0.01~50
PG 14:0 [M - H] 687.350 1 Y =8.477 59¢7X-2.240 49¢7 0.999 0 0.5~20
LPC 18:1 [M - H] 520.355 4 Y=3.029 14e7X-8.160 76¢6 0.998 9 0.5~50
LPE 16:0 [M - H] 452.278 3 Y=28.093 37e7X-2.736 89¢7 0.997 1 0.5~50
LPG 18:0 [M-H] 511.303 1 Y=3.101 81e7X-5.174 26e7 0.991 6 2~100
LPC 16:0 M+ H]" 496.339 8 Y=1.306 42e8X-393 897 0.998 6 0.05~50
LPE 18:1 [M + HJ" 480.293 9 Y =7.250 24e7X-3.560 84¢6 0.9957 0.1~20
LPG 16:0 [M +H]" 485.272 8 Y=9.303 64e6X-2.376 39¢6 0.9923 0.5~100
2.4 TFTEE R AR AR M A B R W3 A 4.
O A v R I8 5 i B R B 5 R o
®3 DMESFEEERNESE
Table 3 The content of free lipids in four rice varieties neg/g

Jig 2 N 18 JEAHE 31 JeRG 18 ARG 4 5

Cer 6.80 + 1.34 7.62 +1.33 8.44 +1.00 9.73 £0.90

Hex1Cer 3.39+0.34 3.81+0.51 3.72 +£0.28 4.17+0.14

Hex2Cer 0.04 +£0.01 0.04 +£0.01 0.04 +0.01 0.04 +0.01

Hex3Cer 0.02 +£0.00 0.02 +0.00 0.03 £0.00 0.03 £0.00

DG 7.65+0.95 11.29 + 6.00 7.79 £ 1.78 5.73 £0.66

DGDG 1.19+0.24 1.24+0.15 1.76 £ 0.15 1.97 £0.58

MGDG 0.02 £ 0.01 0.02 +0.01 0.03 +£0.00 0.05+0.03

TG 26361.20 =1 051.74 25377.20 £417.07 25733.41 +£493.40 25815.68 £315.97

FA 106.31 £ 0.59 109.33 +£3.22 107.42 £0.77 107.00 + 0.99

OAHFA 0.11+0.01 0.16 = 0.09 0.12+0.03 0.10 £ 0.00

LPC 6.76 £ 0.36 6.23 £0.70 6.48 +0.59 7.13+0.75

LPE 13.20 £ 0.11 13.08 +0.43 13.01 £ 0.08 13.53 £0.26

PC 16.75 £2.21 12.29 + 3.96 13.97 +1.35 11.05 +1.98

PE 3.51+0.46 2.56 £0.65 2.90 £0.03 2.17 +£0.57

PG 6.26 £0.10 6.13+£0.11 6.14 £ 0.06 6.07 +0.08




BRER— @%mmnﬁmmf“ E31%5 2023 F $5H
BERARASERNE B T — Bl 30 §FEET]
R4 NHBEPEMESERNESE

Table 4 Content of starch bound lipids in four rice varieties neg/g
Jig s b 2 SRR 18 JeHE 31 TR 18 TR 4 5
LPC 16:0 879.72 + 60.44 851.53 + 65.84 761.85 +72.81 1 042.08 £ 99.02
LPC 16:1 1.71 £ 0.11 1.71 £ 0.10 1.66 £0.13 1.99 £0.11
LPC 18:0 12.37 £2.27 13.78 £2.98 8.51+£0.79 19.86 = 3.40
LPC 18:1 9591 +3.71 127.94 +34.84 122.63 +40.84 214.19 +32.19
LPC 18:2 349.51 +22.36 335.95 + 18.06 284.06 £ 42.5 437.53 £ 68.51
LPC 18:3 6.61 +£1.59 6.76 £ 0.50 6.78 £ 1.22 6.01 +£0.64
LPE 16:0 125.27 £ 11.81 119.18 £ 6.27 111.26 £ 11.16 169.11 £ 11.39
LPE 18:1 18.16 + 7.67 17.21 +3.27 18.32 +5.31 30.96 + 3.52
LPE 18:2 81.63 £13.9 84.05 £ 4.55 75.74 £ 12.41 123.78 £ 12.84
LPE 18:3 3.19+£0.61 3.24+0.12 3.31+0.42 3.41+0.26
LPG 16:0 29.81 + 3.84 30.36 +8.73 23.72 +2.28 39.31 +8.36
LPG 18:1 2.87+0.14 2.85+0.15 3.02+0.23 3.24+0.13
LPG 18:2 3.52+0.35 344 +0.14 3.32+0.06 3.81+0.20
LPS 18:2 3.39+0.14 3.32+0.10 3.08 £0.22 3.54 +£0.07
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Fig.4 Partial least squares discriminant analysis score curves for four rice varieties lipid
content: (A) Starch bound lipids; (B) Free lipids
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