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M AFE AP AR CanfE B R . H =AM E)
HLE SRR AR IS BT A TH NMR 20 BT 45 3, n 15 5] %
AMIE B 2 B, YANG 28 FH 'H NMR $% A % 8
T A G R A 52 15 8 T IR B IR AL . WAN 10 SR
FAAZ A 4R 45 R M ) £ 3K 37 =2 e i R A g s DA R A O 4
AP AR . s 0 R TH NMR AR X 03k
WAt 55 S A 1 Joid B AT R e e b, A B AR R
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BT /N2 IR 2 T 8 T AN TR IR 5 R A 22 b g
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WREBRIAE: M NMR SR E /N F2 R 28 R S5 7y 255

PR AT 58 B A 2 B R B2 21 e s S, e
% 57 R v OB B AR S R TE I S AL S NS S
EAT S HEI NIMIR 452 A %o /)N 22 i 24 i ol AFF 72 vl ke 2] 8 B2 A
FAU1 KB SR P NMR B AR W fs 4Lk, &
FFI'H NMR $% AR5 H b i (MGY  H il = g
(DG). Hi=M (TG) MF =N B (FA) MSE
VLI G W R 4R, CARA A9 /N 32 A 2 (1) F 1) FH AR G A AR
o BRI RS R R AR S %,

1 MR5RE

1.1 MR5RF

BB /N 32 R 2 p R PR BT A T A PR A )
fefit.

JHEREN. FH . BUT 342K =% (TBHQ) . Jii
7K (99.9%, D,0). MAREM (99.8% CDCl;+0.03%
™S), bilgEwmEMBEARAR; 8. W,
FRERT BB A PR AR IE ke, KEETT KR
WA & W, REREAMMTHRAA:, L2
Wamg, Rtk TRMER AR, S8, HX
N TAHRAH .

1.2 (UHR5E%

PL203 BT o3 M KT, MEREE-FER 2 (R
HIR AT XT-350 Z hEemiEdl, KRHLORANLBA
PR HE]s T 25 digital 7280l 3 7D AUSRE&EAH
FRA®]; TDSA-WS & ARE B O HL, 59 RS 50 =
XETFR AR AT HI-6A BB HIR L /15 REas, 1LJ5
SRR AR ; RE-201D Jef 78 K10, Lk
FABAXEG R AT GE001 Mini BRURIBIEIR A4, 3
WHEGEEAEYEARB R AR ; AVANCE III HD 500 NMR
WIEAL, 7% Bruker A .

1.3 F &
1.3.1 A4

H 5 /N2 R ZE 2 ThRe Ry pE AL BS ok, it 20 H
(fLA24 0.85 mm) fija, KN B E A7 %20 C
UKFEH A FH o RRLELIN E B T B L R — b N2 I

1) /N2 IR ZE R R R B P I ) %

2% AHMMED 25U 5 e e R VE R 8 . FR &
30 g /NFEREZEFE AL ZE 500 mL BEFF A, 0N 200 mL
(95%, PRFZr%0) #1100 mL 1E %% (99%, &R
0O, TERAMAMEEQ UK AT T AT (15000 r/min,
5min), 2 EL (4°C, 2000 r/min, 15 min) J5 i
REEWR. ZMRBRH OES SRR GHER (2: D
BRI 2K, GHER, WUEZERER G & FIH
20 C WINEYTE G, B2 REGREBERETLE, H
TR ERER (100, 152N E Y .

2) /N IR BE R M TR T (1) 4%

%% NIEVA-ECHEVARRIA %5 USTf 7 v . FR B
20 g ANEFRZE, NN 40 mL R B NIREUA ), 7
FIR N 30 min J5, HERGER, A-SFIRESR
B2 Ko B WSE ISR A, TEIE 26 4F T~ ekt 28 &

B S R fE, ISR T ESGHE 10h, A
FANERZERH RS Hoh s Hoh = ER AR S R
I3 R 0 5

%% ZHAO %5V () 5 i - A VR R . FREL 20 g /)
FMZE, I 100 mL IE 2 %E A1 0.4 mg TBHQ V& & ik £
30 min, FHUEECIEWR, FIIECbimE EHRE 2 k. UEENE
WEWIR, 0% Lk E B ZE L, I
FRMERE 2R T . BUIE Ot v 02 R I8 264 T e 7%
RGHG, EEETFTESAE 100, ZEH T /NER
2 H i =15 A T R 3 A R P U
1.3.2 P NMR 547

%% AHMMED 26" {5 - AR B . el & F
20% (AF3%0 D0 10% (g/ML) JHEREN. 1% (g/ML)
2 VU Z BB FN 0.846 pmol/mL B H IR & A7, H
1 mol/L ) KOH ¥ pH {H 115 % 7.4~7.8. K 0.1 g /M=
JVE 2E W e KL ER VD VA RRAE 0.6 mL JRA VAR, X IR MGEAT
WEALEE 10 min, RS LA 10 000 r/min &> 10 min,
BE AR A 5 mm NMR & b #4720 0. B H B
(GLP) 1EN D,0 WRE¥AFI e SRR &Y bR,
BT S5 A0 R SCHRIRAE [16, 19] $R5-85 5P NMR Y61 1)
iR, CABENGBERES, (PC, L2078 & 4-0.87) 1EN
WEARIRS S o SRR BT 4 P NMR 4347, *'PNMR
MWE S WA 25°C; FRRE192; b4 3.5 s,

izl MESTRENOVA (12.0.0) XHRZRE G347 AT,
WA P AT A e . R R AR A R
H Rt 2= R g Y, S5 A% RE G 1S5 5 e R AT E Xt
T 58 AR I I B B BT 10 X ek B 5 Ry
WEYE S EEAINRILEY, SRR &P
FROE(E 5 W AT R SR AR A, RIS S e A 51
ity FP AR B SO IE L i SR, bR A AR AR

WAV RS S AT F AL S & el
i 2E 43 i B Rk i 2 (D) At () s
LA IAANST: (D
GLp M
a; 0
X = 2—a—ixloo/s (2)

A a; NAFI BRI BRI BE, umol/gs A, N F5 I i
R E o N H BRI BE /R BE,  0.000 846 mol/L;
v AFTEL DO R A A FIAARL, 0.000 6 Ly Ag, NEH
BEFIFRIME s m N4 0.1 g INE IR ZE IR BE LI T 7 1)
INERZERR R, 23805 g; 10° N RE x, NAFIHE
HEIBE IR 7350, %s Ta, AW AR 20 50 16 BE ORI FE 2 W
pmol/g.

T I 2L 43 ) ol R R J5 2 4 50 36 e 4% 1l g # B
IR PERIAR ST 4> F B AT . BT e e e
sn-3 P 45E TRERRFEH], T sn-1 Fl sn-2 fre=45-& AN g
U HECO AR AT 7T AR X 4 T R R R LS /N R
2R/ INFE A S SCHR [21-23] 508 A B A 1) B AR R e
Witk A, F55dEE (https:/hmdb.ca/) LLxt, A
KA DI 1. B AR 4 3 1A o3 B 34k P R T 2 20 40
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T 3 MK 4) 5

b,»=a,-XM,»><10_3 (3)
b 0
yizﬁxlOOA 4)

b b, RPN BEIR B BT RIR L, mg/gs a NAFIIBENR
JE IR WS, umol/gs M, 9 45 I B I FR) AR X5 5 I i
107 ABERE y WAFTBEIRI RSB % b A
BRI FUREIRIEZ A, mg/g.

®1 NEFNEEFPEERSHSHRUAVNI FER

Table 1 Molecular information on the most abundant phosphorus-containing compounds in wheat or wheat germ
B E JIE 7 P 2 R 1A AN 43 F
Phosphorous-containing compound Fatty acyl groups composition Chemical formula Relative molecular mass

PC EERER/ T IM IR (16:0/18:2) CyHgNOGP 742.061

PI KRR/ EIMER (16:0/18:2) C4Hy0,5P 835.066

LPC IR (18:2) C,H;,NO,P 519.660

PS T/ IMER (18:1/18:2) C,,H,NO,,P 786.027

PE MR/ I R (18:2/18:2) C,H;,NOGP 740.002

GPC - CgH,,NOP 257.223

LPE TR (18:2) C,;H,,NO,P 477.572

PG FRRARR/EIMER (16:0/18:2) Cy4H750,0P 746.991

LPG ERAAR (16:0) Cy,H,s00P 484.567

pi . PO,” 94.973

PA PR/ IH R (18:2/18:2) CiHgO4P 696.947

VE: PCOABENEBEARGL; PIABEIREEULEE: LPC A MBEIREENETL: PS NBEIEMi2£ % R;: PE ABEIEEE L/EN%: GPC A H IMBEEWEIAGL: LPE Jyis Mk Ig it £ i
Jie; PG ABEMREEH M LPG i MBEARTE H b pi ALHUBERREE: PA NBEARER, T BEARAHXT D TFUE S 0K [21-23]: THLBERRER (pi) HUARXT 73T
FARIEBERRARSEAT UL HMBIRBEING (GPC) #1 pi NI &S, AR T B, WA TR 4.

Note: PC is phosphatidylcholine; PI is phosphatidylinositol; LPC is lysophosphatidylcholine; PS is phosphatidylserine; PE is phosphatidylethanolamine; GPC is
glycerophosphocholine; LPE is lysophosphatidylethanolamine; PG is glycerophosphoglycerol; LPG is lysophosphatidylglycerol; pi is inorganic phosphate; PA is phospholipid
acid, the same below. The relative molecular weight of phospholipids refers to relevant literature[21-23]; The relative molecular mass of inorganic phosphate (pi) is calculated
according to phosphate group; Glycerol phosphatidylcholine (GPC) and pi are non-lipid phosphatide-containing compounds and do not belong to phospholipids, so their mass

fractions are not calculated.

1.3.3 'H NMR 447

1) FIF D,0 1R A VE 7 2

0.1 g /N2 IR ZE 5 g A SR 0 VA R AE 0.6 mL D,O VR
BEHEF R, AHEERERET 132, BEBREZE 5 mm
it g o, 500 MHz Y638 ACGHAT I 52 . 'H NMR ] &
SR SRR 3 s FIREUCE 128 K. BRI
fik [24-26] #IE IS BENE 'H NMR J6iE itk =07 %, Hoh
PL DO (5 4.79) VERS%, ke BT 3 K HNMR
ST

2) FIFH CDCI, V&7 &

VNS IR B i R I B3 0 2 2% ZHAO 2507 (5
IEREAE R, K 0.1 g /N 22 I8 25 B I R R W v i AT

0.8 mL CDCl, (&4 0.03% TMS) ¥5H, A 0.8 mL
) 2 % DY BRI (0.2 mol/L, pHIH AN 72~7.5),
WE 5 min J5, £ 6 000 r/min 5 F N & 0> 10 min,
4t 0.6 mL R A HZHFE R 5 mm ZREILIRE H .
R R R 52 2 AR TR 5T (iR R TR . R
F R e A0 E U 23 ) 32 A 380 1 19 2 o 2 g i
BHRELO.1 g VAAE 0.6 mLCDCl, (54 0.03%TMS) ¥471HY,
W IRIE 5 mine HEWEHE R Smm L HEH, H
500 MHz Yei A TINE « "H NMR JI5E S5 st e
3s; FAMREL 128 k. WHEERESE (TMS) /E2A CDC,
BARIR IR, AL, TMS (5 R 0) 1ENS%, b
SRS 20 WTPRALRET AT 3 K'HNMR 2347

#2 TFERMHEEAE CDCL H'HNMR ESHUELBAHEMS Bigihk
Table 2 Chemical shift assignments and multiplicities of the '"H NMR signals in CDCI, of the main acyl groups

7% =N e 2it] G Hoy R
Signal Chemical shift & Multiplicity Functional group Compound Reference

A 0.83~0.93 m -CH, AL, A 0-9 /B 0-7. A o-6 BER: [28]

B 0.97 t -CH, R o-3 BEFE [28]

C 1.66~1.70 m -OCO-CH,-CH,- EPA il ARA i3 [17]

D 1.94~2.14 m -CH,-CH=CH- K& DHA SN 7 s 74 3 [28]

E 2.26~2.36 dt -OCO-CH,- F&k DHA SN & [18]

F 2.36~2.42 m -0CO-CH,-CH,- DHA B3t [28]

G 2.76 t =HC-CH,-CH= A -6 Bk [28]

H 3.65 ddd ROCH,~-CHOH-CH,0OH 1-MG I H R [18]

I 3.73 m ROCH,-CH(OR")-CH,OH 1,2-DG H i H- i % [18]

J 3.84 m ROCH,~CH(OR')-CH,OH 2-MG it H 5 [18]

K 3.94 m ROCH,-CHOH-CH,0H 1-MG H i H 2 [18]

L 4.05~4.10 m ROCH,~-CHOH-CH,0OR’ 1,3-DG Hr iy H i 2 [18,29]

M 4.14 dd -CH,0COR TG I H I &R [17]

N 4.18 ddd ROCH,~-CHOH-CH,0H 1-MG HfH [18]

0 430 dd -CH,0COR TG i H 2 [17

P 4.32~4.38 ddd ROCH,-CH(OR")-CH,0OH 1,2-DG i H i 5 [18,29]

W E5 5K 2. B3 S50 LR R
Note: The signal corresponds to the superscript of the signal peak in figure 2 and figure 3.
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ANFEH ML (MG DG TG) FI FA [k 35 (1) B&
JRBURN BE IR T 43 EE IG5 5 45036 3 B, Euol s % Pe
Wik (5) phei7e,

WREBRIAE: M NMR SR E /N F2 R 28 R S5 7y 257

IREEE R (6) .
Nr =3N16+2N15.06+2N13-06+ Nicvic + Noomg + Npa - (6)

_— . b N S RE TR AR AE IR 5 FA 9B BE K%, pmols
Pe= %10 () N RS AWIOFE/FE, umol.

12 J0i 7 PR AL RS R LA 3o kA Mg T P A B A R AL A 5 0
A PN LGB B npgs I AR TMS 90 1 & JE 5K B H 52— MRFAL{E 5 0m 2 18] [k R oK
1.32x10° mol;  Aqys A AAR TMS 7E'H NMR BB R RIRL #iE. H il = Ee e o i 5 B8 07 2 0 AR 0 -
Grs 12 P9hR TMS EE TG 10° R R AL U 4 fros, EE B R BE R | 2 s X ()

AEH MR (MG, DG. TG) M FA FIERIER 2B gl
*3 NEHMBLEE MG, DGy TG) M FA HIBLE M ERE (N) FERB S (AG) HIHER

Table 3  Calculation formula of the number of moles(N) and molar percentages of acyl groups (AG) supported on the different glyceride

structures (MG, DG, TG) and fatty acid ( FA)
JERET

Molar number calculation formula

It 2H. 5%

Lipid component

BEIR A o Heit 5

Molar percentage calculation formula

Ny
1-MG Nyima=Pc - Ak AGI_M(;:%XWO%
T
N
2-MG Npag= LA AG2mg= 26 x100%
4 Nr
. _ 2N12.DG
1,2-DG N LDG:M AG, Z_DG:ﬂ x100%
’ 2 ’ Nr
_ 2N 3.
13-DG Ny 3.pg= L Ao —24x) AG3.06="N13DG 16094
> 5 > Nr
- + 3N+
TG Nrg= Pcx(2A0+p-An++24Ak) AGra=T6 . 100%
4 Nr
FA Nea= PCXAE+F‘6NTG‘4N1‘2-DG_;N1,3-DG_2N1-MG_ZNZ-MG FA:%XIOO%
T

MG N I-H S 2-MG v 2-H il B 1,2-DG N 1,2-Hal = F6: 1,3-DG & 1,2-Hih —B&: TG AHM=Es: FA AIFEAENIEL: Pc /&2'H NMR Bz 5
(X 5772 R e 5 X (R TR 2 A BB 5, 15.84, HHETIRN (53 A A Awas Avwencores Aow 1 Apyy R HNMR JEES, 5% 2. B2 [{50%
AR R AR TS R R R Y

Note:1-MG is 1-monoacylglycerol; 2-MG is 2-monoacylglycerol; 1,2-DG is 1,2-diacylglycerol; 1,3-DG is 1,3-diacylglycerol; TG is triglyceride; FA is free fatty acid; Pc is the
proportional constant between the signal region of '"H NMR spectrum and the number of protons generating these signal regions, Pc is 15.84, and the calculation method is

shown in equation (5); Ax, Aj, Ayi1, ALiviniorps Aorp and Ag,r represent 'H NMR spectral signals, corresponding to the superscript of signal peaks in table 2 and figure 2; This

calculation does not take into account the effect of trace phospholipids!'®..

®4 EHBRENRSHELR

Table 4 Integral calculation formula of fatty acyl groups

JIR Iy Tk AR
Lipid acyl group Integral formula
Ln Iin= A3—B
EPA+ARA Tepa+aRA= 7C
A .
DHA Ippa= TP
A
L L= 70
Ap
IrG.0)= = -ILn-IL-TgpA+ARA
(0]
_Ap (rn-Ipna)
IpL-0)= D -IL-IgpA+ARA
A
S+tM Issm=Ira- TD‘IDHA
A
IrG.ra)= |\:11+0 x3
FA Ans
IipLra)= =

i¥: Ln NIARER; EPA+ARA A= HIRTUGER 516 EVUNGER: DHA =+ ik
NIEER: LORTEMER: O MR S+M AWRIIENIER S 1B 1iltHE: FA AR
Jif%; TG-O M TG-FA /248 H i =R M AR R ITE, PL-O A1 PL-FA R
AR R B A HEITERY s Ay Aes Awr Aoy Apy Aweo M Ay T3 HNMR
BT, 5K2. B3 RN,

Note: Ln is linolenic acid; EPA+ARA is eicosapentaenoic acid and arachidonic
acid; DHA is docosahexaenoic acid; L is linoleic acid; O is oleic acid; S+M is
saturated fatty acid and modified acyl group; FA is total fatty acids; TG-O and TG-
FA refer to triglyceride oleic acid and total fatty acid, and PL-O and PL-FA refer to
oleic acid and total fatty acid ofphospholipids['7]; Ag, Ac, Ag, Ag, Ap, Ayro and A.p
represent 'H NMR spectral signals, corresponding to the superscript of signal peaks
in table 2 and figure 3.

I; I;

z= x 100% ¥P)

I TG-FA PEFA

Az, ARG TR (M BE 7R A 43 by Y%s I N ARE DN I 7
TR RN e AR s Lrgpa 9 H H =8 SR W R 00 AR 2 460 5
fBs Toppa JBRERE S0 DT IR AOAR 2 45 A
1.4 HIELIE

i FH SPSS 26.0 AT AT HHE 434, FFH Origin 2021
BAEHAT 4 B .

2 GER55H

2.1 INEBETFHEARHY NVR 4R

T R 7E A= VDR A R R T B B AR . S 3RS i
INFE TR BERE R A4y Je FL 5 &, RAP'P NMR F1'H NMR
XIS EAT AT, ARk S FE 1 s

S AL, NERFRILEEE T 13 MEits
Yo 1XEE LG WILE AR [R] ) NMR A4 T # E A AH [
42200 7%, DRI AR 22 M SSAE 70 6 R 75 BLX se b & W0 hn
HES, TR ARE LA 2 A R B R AT E P,
S CHk [23, 32) FIA @il E AR g R —5 FIAP'P
NMR 7] PURE I /N2 f R A O HL & e i wi i, 9l
Uk g e AEAR (PC) B NRIE L BERZ (PE). sn-2 ¥4 ML N5
M AR BR, (sn-2 LPC). ¥4 LB G ¥k £ B2 i (LPE). B T ot AL
Bz (PL). #EMRIR (PA) BEAGEEH W (PG) 5. b4k, FIH
3P NMR BRI e N IR ZEh ML IR 28 (pid Al
GPC, LLJAUHE sn-1 I MLBEARIEH U (sn-1 LPG). sn-2 &
MAEREE W (sn-2 LPG) 1 sn-1 JEIMAEEIEEHEE (sn-1 LPC)
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AR R AR A T 2 S M e T . o T GPC A
HElE (SMD 7EY'P NMR B EIH AU 2 0.0357),
H PELILLO %5231 Fi] Fi i 250 A €00 3 - 28 2 ' S A 0 2%
(HPLC-ELSD) il 5 /I 22 i g 25 1% () Wi e A A Ao 0 2]
SM, TUAHF 722 Rk /N2 iR 27 P NMR St i fb 2240 5 -

0.20 FIIEENE N GPC s Sg. (HA—4RAE, 'PNMR
Fi AR AT DAAS I 3 5 KA sn-1 LPC. sn-1 LPG 2595 1f 4
T Ml S AA A, LR R IR 2 o 1 I LA O R R O
1 sn-2 hi 25 7o FABEEIE B B, BRI sn-2
] sn-1 AERE0, %45 BRI TP NMR BAR 1 55

5 FAPNMRUENERFEBHUSYNERRE. BRIH. RERENRENH
Table 5 Molar concentration, molar fraction, mass concentration and mass fraction of phosphorus-containing compounds in wheat germ
were determined by *'P NMR

SR EY HEEhits BE IR BE BE IRy B R i
Phosphorous-containing compound ~ Chemical shift (§) ~ Molar concentration/(umol-g™") ~ Molar fraction/%  Mass concentration/(mg-g ') ~ Mass fraction/%
PC -0.87 0.42+0.03 28.50+1.33 0.31£0.03 30.20+1.46
PI -0.72 0.29+0.01 19.87+1.24 0.24+0.01 23.70+1.46
sn-1 LPC -0.58 0.04+0.01 2.48+0.83 0.02+0.01 1.84+0.64
PS -0.51 0.05+0.04 3.25+2.47 0.04+0.03 3.62+2.73
sn-2 LPC -0.40 0.11+0.01 7.64+0.49 0.06+0.00 5.67+0.39
PE -0.30 0.19+0.01 13.20+1.01 0.14+0.01 13.96+1.12
GPC -0.20 0.75+£0.10 - 0.19+0.03 -
LPE 0.13 0.06+0.02 4.37£1.56 0.03+0.01 2.98+1.08
PG 0.34 0.05+0.01 3.31+0.65 0.04+0.01 3.52+0.67
sn-1 LPG 0.84 0.03+0.01 2.01+0.63 0.01+0.00 1.39+0.44
sn-2 LPG 1.95 0.11+0.02 7.61+1.51 0.05+0.01 5.26+1.05
pi 2.65 1.00+0.14 - 0.09+0.01 -
PA 3.34 0.16+0.02 10.63£1.09 0.11+0.01 10.58+1.08
TP - 1.46+0.06 - 1.02+0.04 -
TPC 3.21+0.22 1.31+£0.06

#: sn-1 LPC A sn-1 W MLBEARMEARGH;  sn-2 LPC J9 sn-2 VA ILBENEBENIHR;  sn-1 LPG J9 sn-1 VA ILBENSHE Hh; sn-2 LPG J9 sn-2 VA ILBENEHE Hh; TP 9 B BEE:
TPC RSB AT . &BHLSWLI S S5 1550 EhRMHR R, BER 2 BOR ST 4 B KR S BEIRTE BB IE BT o 1 43 L, H i B IBEAR B (GPC) AN TN LB IR
# (pi) Nm T WiAE, WA TS EL B R o B & 2 £

Note: sn-1 LPC is sn-1 lysophosphatidylcholine; sn-2 LPC is sn-2 lysophosphatidylcholine; sn-1 LPG is sn-1 lysophosphatidylglycerol; sn-2 LPG is sn-
2 lysophosphatidylglycerol; TP is total phospholipids; TPC is total phosphorus compounds. The abbreviations of phosphorus-containing compounds correspond to the
superscript of the signal peak in figure 1, The molar fraction and mass fraction are the percentage of each phospholipid in the total phospholipid, glycerol phosphatidylcholine

(GPC) and inorganic phosphate (pi) are not phospholipids, and their molar fraction and mass fraction are not calculated.
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erdin
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L L L L L
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a. NI FBERE P NMRiF ]
a. *'P NMR spectra of of wheat germ phospholipids

GPC

L L L L L L L L L L L L
425 415 405 395 385 375 365 355 345 335 325 3.5
L2 FsChemical shift
b. /AR ZERE IR H NMRE 4 i 07 % 1X 38R
b. Aliphatic region of wheat germ phospholipids determined by 'H NMR spectra

iE: GLP(IS) NAHFREHPE, Cho JufiH.
Note: GLP(IS) is the internal standard glyphosate, Cho is choline.
B 1 s EAESF AR NMR 5B
NMR (nuclear magnetic resonance) spectra of wheat germ
phospholipids

Fig.1
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KT 3823 SCHR BT 7R {1l . MORUZZI 255V 5% Fi A €6 1% v
SE A B BEAG  E RN 1.30 me/g, XU 250 g A L
oy 5 15 B RE IR FE N 1.45~1.81 mg/g, W& R
ST I g AR SR B S, TR (B EIRER
O HH AR MBI R, HE R MBI
HHESHUAYAR (MR 1, 1A
) T I 5 B 2 ok, WE R MR A . A B AR TP
NMR F A & W A5 & B AN SR Al B 2R, AT 3REUDN
F BRI TS S S IR B, 7R
S AR A3z 228 B4R, 49 30 5 AR I 2
e, BT e EEN ERZ 4, IRZE NN
PRI T 2R 7K 43 25 5 (A [R]85 5000 5 15 21 1/
FEFRNE S RAAAEZE R, AR5 PELILLO &% 7|
F HPLC-ELSD HARME 25 RAHL, /NI B/ PC.
PI A1 PE (14 By, LA X N A0 328 i 448 Tl g 1S A A )
F| LPC M LPE, W[ H|Kr PC A PE /N3 IR 2R i i o 22
(7K AR JEE WD o A G T sn-2 Y I T 1 5 B AR R A
FT/INEIRZE K S i ) 3= EE AR IR 8 A, (PLA,),
1M PLA, £ 7F sn-2 v B 555 1 7K i 10 i 26 Bl 25 16 i 1R
VA AERE g, 3k — 25 Bl i A AR B AN 5 R — S G 4 i
A E T BEERAL S (i GPC) « 1 T JIE B AN 3 9 1E el
(Cho) P37, e, i B A fig i 42 A Bl £ T /K AN 4
e g . T BE AT K AR PC A2k LPC, A 3HE— B /KR
A GPCP> 2, i 5k A58 B 90 R BLLE R B T P s
JEWiE A B, PC A PE HI& &k, Xk i i 1
Ji§ LPC 1 LPE (& &G Frigm. BEEtE. KoisEmR
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BELA Y GPC M pi & B R, FEIRUE 4 3 0.75 Fl
1.00 umol/g, PIEHNARNRIR SHMCEY, AETHE >,
{H GPC /& PC 23k 9 25 7K i Mot e g 177 Tk 268 5 15 21 1) /K A
I, K GPC ()& s Tt — PR AU MR K AR A 1B o
Rt PC. PE. LPC. LPE fll GPC [ & B2k Al /E N
TN 2B A 7K SR B B A o

B T°'P NMR H A AT AR 52 i g 16 & 0 A AR 2 41 s
"H NMR B A 7] DL T8 8 90 5 73 #r . "H NMR %
W B AT AL =N A 5 R BT 3.16~4.25 X3,
wmE 16 FrR, A4 N'CH, (A8 3.95~4.25). *CH,

(A84 3.40~3.70) F1N(CH;); (ASH 3.16~3.28) 34
X2, /N2 BE 25 RE 5 'H NMR % 1% o] 3 52 3] PE.
PC. LPC. GPC F1 Cho {55, H+H PE. PC. LPC #l
GPC #J& T & NEmAL &%, Cho 1E AN PC A1 PE (1
AKAEF=H, WAE B 16 (60 REaE A B LR 2 g . H
TR DO AR 7 77 52 19 2 1) 'H NMR 6% ik &
VB BN, F5 g5 ES, PRI,
AP A il 2H 23 A 2 A0 F8 A G STk B2, BRI R
fext Cho BEAT e EE B ArHT, LA & BEARAL &4 PE.
PC. LPC fll GPC #EAT¥I25 M %E o 1 7E°'P NMR Yt i b
WA A LR —ARERE, HH'P NMR £ AT
i i 4 43 JEAT s M 2 AT N A IE, T TH NMR Y61
AR R RERAL A P b 7R U B
2.2 INERRZFRMERERAIH NMR S 4F

] 2a /N IR 4 1 TH NMR 6 HE o g 17 ek 35 [X 38 )5
K (AN 2.20~4.40), K 2b b2 N 2.26~2.42
PG IERE X3, [ 2¢ A2 #8  3.65~3.97 I H i 5
X, [ 2d fephife g 4.05~4.38 fH MBE X . N
JUR 2w BT v T R 5 T 7 IR 11 B O T 43 e i ] 2e BT
N, S5OCHR [41] IRIE M AT . HIE 2e ATHT, MR
R AR IS (FA) i EE 12.35%, & & fkim 0 H s
& TG, &k 77.25%, H Xk 1,3-Hw =l (1,3-DG)
tt 5.80%, 1,2-Hili—HE (1,2-DG) /bt 4.41%, 1-HHeARg

(I-MG) /i b6 0.17 %, & & & ACH 2 2-H i 2 i
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KR LT, TG M A ES R /N2 W 2 A (1) iz
fil 2 2E K R S BE, TG & T 8 7K Al Bk 7 AR H I — g

(DG) . HhHEE (MG). W MEER (FA) FH M.
TG 1) sn-3 A7 245 g i B /K fif 7= 28 1,2-DG FIAH R FA,
1,2-DG 1) sn-1 ALK fE =42 2-MG FIAH N FA, 2-MG
AR R 1-MG, T 1-MG F1 2-MG 7] 4 83 /K il =
A H A FAUY, fERAN KR R R #l24E R FA, Rk
INERZET FA & EET DG M MG. b4, HimEA
B, RET &b, MOE R R R A H
NMR U /M oM &=, B TIENER A%
— MM, TG YR B K AN 2E 72 1,3-DG, H A 2e
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PET 1,2-DG B 7R AN /N2 I 2w At e H vl = R
IKARAER o

. JL_
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a. '"H NMR spectra of of wheat germ lipids extracted from methylene chloride
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b. Fatty acyl region in 'H NMR spectra of wheat germ lipids

H

] I G
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c. Glyceryl region in 'H NMR spectra of wheat germ lipids (A8 3.65~3.97 )

4.35 4.25 4.15 4.05
A4 F Chemical shift

d. /N IRZERR ) H NMRE E H 2 X 8 (A 94.05~4.38)
d. Glyceryl region in "H NMR spectra of wheat germ lipids (A3 is 4.05~4.38)

8o} 7725
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e. Molar percentage of different glycerol structure (MG, DG, TG)
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JE SR T 43 Lt Molar percentage/%

e i EE S0 B AR SR 2 HIX R
Note: The superscript of the signal peak in the spectrum diagram corresponds to
table 2.

B2 AREF RFEIRR A 49 NMR # B8 F 5 R E ok
Fig.2 NMR spectra and molar percentage of different lipid
components of wheat germ
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table 2. The letters a and b represent a significant difference between
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Fig.3 NMR spectra and molar percentages of fatty acyl groups in

wheat germ triglycerides and phospholipids
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Determining the lipid components of wheat germ by nuclear magnetic
resonance

CHEN Dewei? , MO Xueying' , ZHANG Haoran® , HU Xiaoshuang' , XIAO Jinshan',
ZHOU Xiatao' , ZHAO Zijian®

(1. College of Light Industry and Food Engineering, Guangxi University, Nanning 530004, China; 2. Key Laboratory of Deep Processing
and Safety Control for Specialty Agricultural Products in Guangxi Universities, Education Department of Guangxi Zhuang Autonomous
Region, Nanning 530004, China; 3. School of Food, Oil, Health and Tourism, Guangxi Vocational College of
Technology and Business, Nanning 530008, China)

Abstract: Wheat germ is rich in lipids with a very complex composition. The lipids in wheat germ are prone to be hydrolyzed
and oxidized during processing and storage. In this study, phospholipids and neutral lipids were extracted from wheat germ
with different solvents. Then the phospholipids, mono-, di-, and triacylglycerols, as well as fatty acyl group contents were analyzed
by nuclear magnetic resonance (NMR) spectroscopy. The results showed that six kinds of phospholipids were detected by *'P
NMR in wheat germ, including phosphatidylcholine (PC), phosphatidyl ethanolamine (PE), phosphatidyl inositol (PI),
phosphatidylglycerol (PG), phosphatidic acid (PA), and phosphatidylserine (PS). Furthermore. There were also five kinds of
lysophospholipids (lysophosphatidylcholine (LPC), lysophosphatidylglycerol (LPG), and lysophosphatidylethanolamine
(LPE)) and two non-lipid phosphorus compounds (inorganic phosphate (pi) and phosphatidylcholine glycerol (GPC)). GPC was
the hydrolytic product from the removal of fatty acyl groups by two-step hydrolysis of PC. PC had the highest content of
phospholipid in the wheat germ. Specifically, the molar concentration of PC was 0.42 umol/g wheat germ, the molar fraction of
PC was 28.50 %, the mass concentration of PC was 0.31 mg/g wheat germ, and the mass fraction of PC was 30.20 %. The
signals of PE, PC, LPC, GPC, and choline (Cho) in "H NMR spectra were also used to determine the phospholipids in wheat
germ. Compared with "H NMR, *'P NMR spectra were better resolved and more suitable for qualitative and quantitative
analysis of phospholipid components, as 'P NMR only determined the characteristic signal of phosphorus-containing
compounds. The composition and content of free fatty acids, mono-, di-, and triacylglycerols were determined in the wheat
germ by 'H NMR. The proportion of free fatty acids was 12.35 % in the wheat germ. The highest content was triacylglyceride
(TG), accounting for 77.25 %. The contents of 1,3-diacylglycerol (1,3-DG) and 1, 2-diacylglycerol (1,2-DG) were 5.80 % and
4.41 %, respectively, and the contents of 1-monoacylglycerol (1-MG) and 2-monoacylglycerol (2-MG) were 0.17% and 0.03%,
respectively. Moreover, TG was gradually hydrolyzed to produce diglycerol (DG), monoglycerol (MG), free fatty acid (FA)
and glycerol in the wheat germ during storage. FA was always produced in the wheat germ throughout the hydrolysis reaction,
leading to a higher content, compared with DG and MG. Six kinds of fatty acyl groups were detected by 'H NMR in
triglycerides and phospholipids of wheat germ, including the acyl groups of docosahexaenoic acid (DHA), eicosapentaenoic
acid and arachidonic acid (EPA+ARA), linolenic acid (Ln), linoleic acid (L) and oleic acid (O). Linoleic acid was the most
abundant unsaturated fatty acyl group in triglycerides and phospholipids. Saturated and modified acyl groups (S+M) were also
detected by '"H NMR. There was significant difference in fatty acid composition between triglyceride and phospholipid in
wheat germ. Lysophospholipids and GPC were the hydrolyzed products of phospholipids, while DG and MG were the
hydrolyzed products of triglycerides. As such, their contents shared the degree of lipids hydrolysis in the wheat germ.
Therefore, NMR can be used to determine the lipid compositions and hydrolysis in the wheat germ. In short, this NMR is a
powerful tool for lipids analysis of wheat germ products.

Keywords: lipid; phospholipids; wheat germ; *'P nuclear magnetic resonance; 'H nuclear magnetic resonance
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