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 OE OEY T EEEREILRE (° C-gNMR) E AN & £ A R L B AR DR & i ik,
J 148 R A & T P 0 B R A T 07 B e S M A AT, B o R o 4 4 B8 3 e, LA T LR AR Y
AN TR) A 95 40 25/ 8 357 PRER LU (8 25 8 BRRR 0 S 0 Ak By U A i PR e 1S o B 45 SR s i, 16 5 LUV 12
25-f T (3.2) B LA, %% (R EAT 22 3 FRLE B sn-1,3 I sn-2 A7 3l PR 130 198 190 b AS A0 B B e ) o
U I 3 R P P = ER A AR IR | sn-1,3 POWIMER | sn-2 POEIHMER | sn-1,3 SIIHER | sn-2 ALIMPR
AR KT (16.2% . 27.8% . 24.0% . 15.5% . 7.9% (w/w, FF)); EHKM(15.3% . 30. 7% .
20.5% .20.1% . 13.3% ) ; 16490 (18.3%  18.7% . 12.5% . 24.9% . 25.5% ) , KM sn-1,3 ALV FRER |
sn-2 PO RRIR ST 5K 4. 5% F1 4. 0% , EARMANAEAL 0 b AR W R, iR 25 55 H-qNMR I &2 1) 45 B8 i
gt —3, U C-gNMRATXT & A I Wi R A T 0L B S e o0 B, o7 B 24 ke S AT 3t 2, AT XA AN
MO FNRE TR B AR [RSE B 20 A, S AE B2 H I = A A 0175 250 T 000 2t PR ool b R S = 7 8 55 R (R i
SRR T B

KR RMEALIRIE S BRI ; A NEER ;0 B A A

1 5§

TS AR T IR R RE i F R R R N TR AR RR Y Bk IE . By, i - E
DL T 22 A i, iR RO AR AR T AT A . HIh =R (TAGs) J2 B I 2K
o H A28 25 G AR R AR TP B 2220 b SRR IR | TR | STV 1 192 L A e 9 25 1 AR

RITR 1 48 A it 55 22 R4S PR A 06000 B b R U TR Y 32 B G BT O R UM % vk
(GC)7M S AT L (GC-MS) 1P A% | )y 7 B A2 R R v i b R Seh 2  BIVKE -
S REETR AL A W A 1 B U R R FE AR AT . Barison ST B T — bl A7 04 % R L AR AU
("H-NMR) J5 ¥ , U7 £ e R s R A AR 25 8 | DR Fa7 58, L DO 5 % A R ot i A B A 000 1) i
WITRES R 5 AOAC AU kL —2,

e W R AE H I 28 TP IS A B AR S AR YE sn-1 | sn2 | sn-3(sn: stereospecific numbering ) 45
DX 591145 B R AE HH i 2R ) LB 1 TR G R A5 XA B P BRI S A Wk
MEFRE FRE A AT EEER T AT sn-2 (L0 i U 19 3 3k i B LA H vl B ) S i T e
it SRS RERE AL, | LA R S 1 JRUE AN [R] 4 bk ol b PV T 5 o i A58 114 JXUBS: 0 215 i
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PEAT DX A o AR B

eI A o B 4 A 8 43 3 S KA L R TR A= R A N 3 A BT R AL B e
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Fig. 1 Basic structure of glycerol backbone and fatty acids
"H-NMR , {H'H-NMRASBEXS AR 5 BR AT 00 B Ap 5 R 3BT, C-NMR AL AR RE Y (29 200 ppm) BEK,
AT ARG LF- B A AR AR TR , 1 EL AT LU s A 2 6 A% XG0 AN TR g 7 1R 14 7 "8 R e P 3 ml LA
A H I =R A D2 FTRS DRI TP ok 58 T BRISE BRI A8 P 5 | RES AR A ot 40 2 sl 7 e S I, TRt <
AR (1 C- gNMR) 7E 7078 FH oA [ 57 8 A s 198 o B A ) e fE 3

HHT, " C-gNMRE G FRAR =40 R Y 05 5o M . b RERE2E 2 RIR  43 Art > 4540
S, HOH SRR BRI R R C-qNMR I E SR G , SRIT, e Tk 17 e - A 5t 3 B ] ( T1) Ll
Fe A A T EL bk A BE L Ik 4 L KR B A S S RO XU R A B e A K S B
X NMR S0 (IR 008 30 G 2 36 1) A S B0 o 8 L .S/ ) T AR A i Xk
FRSPE T EE T PR . A4 S ], Viahov 25 BS IT A B ILRR 32 I T S R A0S i AR ], 78 58
¥ Overhauser ¥4 58 (NOE ) T 1] #8515 M L 48 i1 A3 K], Sudrez 00 At 2 R ik v 8 8 T
gNMR RIS, SR, Gouk el ne | ,FEsn-1,3 01 sn-2 Kb AYFRFERK () NOE Rl GEA[A], K,
i ZABIK TSI A RE T gNMR BRGAT h o BR T 8 EEm , HHh = BR 1 sn-1 370 sn-2 {7 1 HE Bk 5
T B AR, I 2035 0% . Meusel 25776 GC . MALDI-TOF-MS il DEPT45 454, i34y
T G FERRA 8 £ FH I T H I =R Y & . Merchak %55 i JH" C-INEPT J3 41 (AR EE RS H0A ) FIASAR
3 (GC) 3 BT MUME T RE & P AR T R AN A1 e M | RIS  C-INEPT S iy 2 45 B0 B Sy T 81 -4
A LZAR R FNARL X 4% HSQC-TOCSY NMR it B 9 F 20 M H- i = R IR & 90 b b il R A
PR B SR A A ) Y C-NMRIE i) e 5 3 5 B A% 1) 85 B AS B L T AT 2 A Bk D 1 11
F JiE- ik s B RIS R, LA KA ) Overhauser 3958 ( NOE ) %W AR, SR, 5% FH IRz, ot B2 3500 A
KRB, AR 0 2 P LR R 5 11 9 SR B NOE 8500, [A] B4 Bk 4238 5 1 O R A, AT AR 3] P e
SERAHT H B Bk EL AR NMR #9114 2518 ( Gated decoupling ) B C (14 ik i st Ji ) B 2, >
ST1(T1 izl a WA i I A di 1 N 1] sty BRI 1) ) S50 A AT el A O ek 52 380 ~F- A 1, 4 5 R R Bk
i NOE SZMAR /N 3524 & B IE W T ok 740 5wl T &= 404,

AW SCHR [ 16 10952, IR PR AR, I H-qNMR R HIN E 7 R Gl T RRIRR | SR
TR RN FIRR T R A 4% 5 8 R4 T T T AR IIE . FELERAN I SR A C-NMR K% 1145 JSH R X £
PR A B TR T 00 B e SR 3 M B R A AR I sn-1,3 il sn-2 {37 b PR AN IR Y A TR AR, B 4%
AR N FR T IE AL E AN W NR IR Y & &, AN D7 Bk ) HLIJC TG 52 2% A RE AL B, AT 7E 30
Il = EE PR VRS S A OL T, X B eb H il =8 A 6 A S R R D PR A T 246 %) 5 A 20 Bl
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2.1 FEHiIEF
Bruker AVANCE IIT 500MHz #% % 4R 154X (74 [ Bruker A ) ; VGT-2120QT # A P IEVENL ()&
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R SO A PR A W] ) 5 DC-12 B ( HHEZER A A R AR o

KR (FEHEY 50, 99. 95% ~100. 05% , [ 25 5 Ak = 1GR A IR A R ) 5 AR5 (99.8% D +
0.03% TMS, Cambridge Isotope Lab 2% H]); H & ( Oleic Acid, >99.0% ) #1 y#i FR ( Linoleic acid,
>99.0% , HZ Tokyo Chemical Industry A F]) ; MK ( Linolenic Acid,>99.0% , 3 [E Acros Organics 2y
Hl) 5 =IHER AR (000) | =AML H M ER (LLL) (_ERRTA T G PR HD) 5 1,2- M BR-3- T
M H i =P (O00Ln) | 1,3- M ER-2-FR ML H it = (OPO) (Fii#t Larodan fFAIAL =S IR A ) o Brf
Hh =BR B IR IR AT

K G.3H (Soybean oil) . FKJH ( Corn oil ) FIFEA:7H ( Peanut oil ) I T A< Hi#E 117
2.2 HmEHE

FREXZY 200 mg # 5, %5 T 0.5 mL CDCl, , ZKF 2 min Ji5 , A MERR PR HCR A R N, I 68 7
2 min, FBRAEHODTREE VA A S SE 0 B SR, SRS RS 2 5 mm BB R, BT A AR
60°C /KB 10 min, BRI,
2.3 TEEZHEIRBGE

B C-qNMRRAE F A - S 1147 LRIk o 51 2gig30 , Lk ofrist e R ARG PR A&l 2 s . 3308
NS=256, 75 49K 5L DS =4, #ER B [H] D1 =35 s, #% 8 SW =285 ppm, O1P =110 ppm,02P=4.5 ppm,
SI=256 K, W& NMR &3, FUoHTSE 7 NMR JELR  BEREAS I A9 06 A AR A3 IXCTR] , BN 43 3 ~ 5 3K
FHXIFRHEN 22 (RSD ) <1% BYECFS{E 72X 15 1E it -
TR Z AT, S ATARA AL IE S, e, iR Pp
S 125 0 28 5 18 00 41900 7 N

[41] 1
(W)= a: (9o () (1) ()
W, =W, x (A/A) x (E/E,)

L W, RS A R (PR ) R I, AL R A, 43
51 Jg G R R FR R AR I (8 12943 ppm) 1 Ve
BLE, FE, AP s i R R A bR 2 e e T2 PORTTRER BRI AU 5
(5 i/ AR iR A% ECE) Fig. 2 Pulse sequence and phase cycling of inverse
2.4 "H-qNMRi% s RERSER O 547 gated decoupling

"H-qNMRSRAE S Bk 91 230, SEFERKIPGEIE P1=14.10 ps, SERMFIH D1 =6 s, FHHUE NS
=32, W% NMR &3, 2% 3CHR[ 16 ] bl IR 9 33007 125, 60 A bR YR, e o 3l v I i R

FEITINE

3 AR5

3.1 FSRAERAY  H-NMRZ#7

3.1.1 ERESEERM %5 T A FIER ] D1 AU NS X H-NMR & B2 AR A 52
2 DI=5s,NS=16 A, {EME L (S/N) n] LIk E] 150 DL b, H A, 5 A B TEE, MEBES5 P =
14.10 ps, D1=6 s,NS=32

3.1.2 FHEEERER WHRR . WIlER , iR 3 FARI LA ICRE(R) 4 0.9990 ~0.9997, H
WHEE (RSD) 4 0.2% ~0.7% , HIEAEEEE(RSD) 7 0.8% ~2.0% . AR r [ 24 ML (b ith Ze o) 42
P i 2 F19E [ 245 L0 qNMR 2R (S/N = 150:1) Afidt 3 FIR IR AU I FRTE 1.4 ~5.5 o/L Z ],
EHIR N 4.8 ~17.2 o/L, FEWE S RFE SO 3 FREE TR (hnbr i 35 29 ke i v & S i w45 ) |
EINEE DR N 96.8% ~102.9%

3.1.3 #HRBPEERHBINE 5 FTHRE 200 mg Z2 47 K EIMEES, F 2.4 351075 2 09I & H:
B ANE T BB & (n=3) . WHRIR 9. 1% +0. 6% . WAMER 51.5% +1.7% . MR 23.2% +
1.5% . WANEHIFER 16.2% +1.2% (w/w) ,

dl pl aq
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3.2 fERAEERY" C-qNMR &
3.2.1 EFMPMAERHEAOSC-NMRIEVFE KA 2.3 WA, e JLAH i = Be 500 4l i 1
NMR &% &, B8 LIE 3,

0PO 18:1(C10)-1.3  18:1(C9)-1.3
L
000 1(C10)-13 18:1(C9)-1,3
18:1(C10)-1,3 ( 1)821((:9)72
18:1CI0-1:3 159(c9)-1.3
1o 18:2(C13) \ | 18:2(C9j—2 18:2(C10)-1.3
Koo | 181913 182(C10)-2 )y~ ) 182(C12)
18:1(C9)-1,3 . 3(C . 3(C
183cle 00 18:3(C9) 18:1(C10) I( 1;:1((19)72 18:3(C13) 183(C12) 18:3C10)  183(C15)
| | M AL J s

A
L | 1 1 | 1 | 1 | 1 | 1 I}
1325 1320 131.5 131.0 1305 130.0 1295 129.0 1285 1280 1275 127.0 126.5

o (ppm)

B3 Hh = ERAL S LA S C-NMR i A]
Fig.3 " C-Nuclear magnetic resonance (NMR) spectra of vinyl in triglyceride sample
000 Glycerol trioleate; OPO: Glycerol 1,3-dioleate-2-palmitate; LLO: Glycerol 1,2-dilinoleate-
3-oleate; OOLn: Glycerol 1,2-dioleate-3-linolenate.

XFEE T 1 v B H B R0 7 R A RE AR 45 ), Xk T I =R Al B P C-NMR & 18], I 275 3
BR[38], B & Fh P AR O & AR TR 4" C-NMRAL 2045 an &l 4 FiEl 5 R, HARIRIEAR &R 1,

1
3
2 Peanut oil
B D G
Y PN
3
2
Corn oil
£ , N O
F G,
g M_L N
1

D -
2
B EF Soybean oil
M D ; K, MNP
c Gy VKL onP QR
|

L L 1 I
130.4 130.0 129.6 129.2 128.8 128.4 128.0 127.6

S (ppm)

B4 & FMEES IR IREE LRI H S C-NMRiE. 15 A-R WITJE L& 1

Fig.4 "“C-NMR spectra of faity acid chain vinyl in edible oil sample. Assignments of peak A to R are in Table 1
3.2.2 “CHZEEEN(T,) WNE it RS kef e s T H TR S C-NMRGE 1t 5
Afla], ek TS tlirpg, T1 delay BEE 4 0.05,0.5.1.3.6, 10, 16, 24 F150 s, M sn-1,3 i
WAMBR (L) B T, e KIE R 6.75 s, HIEIKPAERE ] D, | dhigia 7, SRk R BIRE SRR, 4D, N
545 T, B, AR B R K TF 99.9% , &k D, M35 s,

X R 114 AR O T 2 IR G ST A Ok () NOE UM AN — YR WA, 0 200185 T i vk
NMR {55 2R Z [] ) 2 3R Bsf (1] LRI A2 38 Fsf (1] 2 A4 A3 BT IR () 308 7 S 30 D00 A st BR8] (T, ) 1Y)
Fnth b BEHE S A% T, SR A B Rl S AR B ]

3.2.3 PC-NMRiEEEIERIEFE WIEE 4 | 2EEE0R IR JE , 78 SEPRimAE P E$E 5= 129. 683 ppm
(BRI 4 ) G) F1 8=129. 657 ppm (BVE 4 H g H) 230 5IAE Ry sn-1,3 67 R F sn-2 57 11 R 1) A 2 0
8=130.145 ppm( BI[EI 4 1 A) F1 6=130. 139 ppm( BPE 4 (%) B) 53 5IE R sn-2 (0L Flsn-1,3 4
VIR B 0G5 B T R I T RIS B BRERsn-1,3 F1 sn-2 (OO B4R ARG 76 HE 3 Rl A LT
SRS EI S RRIR P AP AE UG | PRI, OGRS 7 il P SRR R 151 7 550 Hr , 6= 127. 775 ppm ( BIE 4 179 Q)
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F16=127.758 ppm( HPE 4 HY R) 530 50ER sn-2 AL RRER Flsn-1 3057 WV FRIR (1) 22 F 0

sn-1,3 sn-2

S L L
N\ Peanut oil “/(}\/L
e e b e e e g o e
L
. 0 L
M Corn oil jL

L

Soybean oil 0

1 |
17340 17330 17320  173.10  173.00 17290 17280  172.70
S (ppm)

K5 Er AR b IR PR B AR HE 1) C-NMR %
Fig.5 "“C-NMR spectra of fatty acid chain carbonyls in edible oil sample
S saturated fatty acid; O: Oleic oil; L; Linoleic oil

F 1 B NMR BRGS0 )9 s
Table 1  Assignment of peak in edible oil * C-NMR spectrum

. - TR, e - g

No. Position of carbon Chem(l(éal shift No. Position of carbon Chem(l(éa)l shift
A 18:2(C13)-2 130. 145 J 18 :3(C13)-1,3 128.257
B 18:2(C13)-1,3 130. 139 K 18:3(C12)-1,3 128.218
C 18 :1(C10)-2 129.981 L 18:3(Cl12)-2 128.206
D 18:1(C10)-1,3 129.967 M 18 :2(C10)-2 128.086
E 18:2(C9)-1,3 129.944 N 18:2(C10)-1,3 128.067
F 18:2(C9)-2 129.918 0 18:2(C12)-1,3 127.913
G 18:1(C9)-1,3 129. 683 P 18 :2(C12)-2 127.901
H 18:1(C9)-2 129.657 Q 18 :3(C10)-2 127.775
1 18:3(C13)-2 128.266 R 18 :3(C10)-1,3 127.758

HREE 5 Ft R B U8 | e S PrimkE b 6=173. 262 ppm (Kl Ssn-1,3 ) 0) F18=172. 887 ppm
(B 5 v sn-2 19 O) 435 Rsn-1 , 3RLIHPRF sn-2 iyl Y fE I 6=173.253 ppm( BI& 5 1 sn-1,3
9 L) M1 8=172.947 ppm (BN 5 H sn-2 B L) 50 500EN sn-1,3 SLEHIFR AN sn-2 (2 E MR 1 58 Ht 0 5 %
THRRAR IR , e 8t 5=173.298 ppm( BPIE 5 Hhsn-1,30 P) MR HE w1 76 sn-2 7 B JL-FARIAS 21
FARWITR , R, R sn-1, 3057 A AR A T R A7 7€ 120 HT
3.2.4 “C-NMRIZWEIRELEA Yok b 05 1 S ls2 M 52 e ok K, W] DL 25 R 05 12
S AW TET AR . NMR W B TR RE th ¥ 18 2% (Lorenz, L) AR I L SR, B T3 A
SPVEFIANAL SR AT LA A2 38 53 iR i ( Gauss , G) ZRIEAR . I8 AR 28 LR 3 TSR 0, THUAR AL AR I T
7 S A PR TG | TR AL R eI . AL 6 T 0L, 6B 1 6C 2 M- B AMIYTEAR  fE R AL 2
e R ZBONHR A A AT A0 2% R e S et AT >4 1) LA (LA

AW a4 B 0 AR AN £ R PR 73 J7 045 2 A Bk 15 1% P HEA T X LB 280 i, Hor
FEBBU R AR AR 2% LA SRR A A T AR EE ] (124,23 ,101,3:2,3: 1) #EATHI45
eSS R A R B AN AR 2 (8] B8R 43 T B4 HP 07 (Mideut method ) #3402

M 6A (K 3 Wity A B WU ) m] UL feff BB i AR I, P AR AT UG Y 3% P B 3 D) R B R 2%
Xof WS TR AR IR T, TCVEHERA AR IBOZ AL A LR AR I R TRV B, 5 R R i 45 R Bl 2%

TR W EE LG #T LG LG A5 20 (915 51 FH Bruker Topspin 4K {4, Analysis
SEHLHLAY Line Ship Fitting—Lorenz/Gauss Deconvolution|[ dcon | SIREALFE | 75 2 AN YW AL, A 57 %
M7 R EBRRG T X SEATAE L, 2038822 (b) | S (c) , 1825 il =1:4(d) . 2:3(e) . 1:1
(£).3:2(g) . 3:1(h) I3 Hr A 7 RABRRGR T DL MU SCHF(F B3R S1( S IX ) Fisk S2
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A C
L | | L [ — L 1 |
173.270 173.254 173.238 173.270 173.254 173.238 173.270 173.254 173.238
8 (ppm) o (ppm) o (ppm)
D F
/\\ ,:"/
AN
w . ~N— = T — = — =
173.270 173.254 173.238 173.270 173.254 173.238 173.270 173.254 173.238
o (ppm) 5 (ppm) o (ppm)

G H

Original spectrum

=== Peak additioin curve

7N\ /"

X
N\

Peak curve

2%

h e S — 1 - |
173.270 173.254 173238 173.270 173.254 173.238
8 (ppm) 6 (ppm)

Ko HnibPIrNayxite. (A) F@MI; (B) 2iREZEER; (C) dimirZEB/H; (D) #Hie%k:

Ei=1:4; (E) 18625 &=2:3; (F) 0% mHi=1:1; (G) #0%%: @mili=3:2; (H) &% 5

Hr=3:1

Fig.6 Comparison of data processing methods: (A) ordinary integral; (B) deconvolution of pure Lorentz;

(C) deconvolution of pure Gauss; (D) Lorentz : Gauss =1:4; (E) Lorentz : Gauss =2:3; (F) Lorentz :

Gauss =1:1; (G) Lorentz : Gauss =3:2; (H) Lorentz : Gauss =3:1
REEDXI) o Y5 B BT ARG (rhU0ik ) B A8 B A S5 A 22 00K, FHAlvs A8 28 sl i v Btk 7 2
GRULA I TR A5 R X AR R S ARG 3R 22 B0 K, 5 &0 I E (1 i D5 e S s T A Bk
2200, SR HIVEAR 25 AN = 307 LA — 2 LU R4 T B ARG I A B, 29818 2% il =3:2 i LG R B 5 i
K (TR S AR, HL 5 S0 (A g 7 R S i 25 SR B0, BRI e 2% M =312 M T G TG HR I,

XoF e e DX sl 1 i (T 2R A T TR AL 3 XS AL () 45 2R 5 S 1T 545 20 0 R i 1R 2 i 245 2R (T AR s

B2 (16.2% +1.2% ,WAMBR 51.5% +1.7% MR 23.2% 1. 5% ) #3413 3 A1, % XI5 0 &%
[ 3% 2 45 R4,
T2 AL E AR R A H R

Table 2 Limit of detection(LOD) of fatty acids at various positions in edible oil

sn-2 IR sn-1,3 W iHAR sn-1,37H7R sn-2 MR sn-2 W JRFR sn-1, 3P JFRMR TR IR T R
sn-2 sn-1,3 sn-1,3 sn-2 sn-2 sn-1,3 Saturated fatty
Linoleic acid Linoleic acid Oleic acid Oleic acid Linolenic acid Linolenic acid acid
(rﬁg/z) 0.94 0.88 0.87 0.71 0.052 0.082 0.54

FE TR L = =60:40 (40% L) ML H TR LG, X T 0 5 X8, 818 2% & il =
62 :38(38% L) K}, Bkikah 5 Sk i il , W RcEE DXk, 7818 2% Rl =58:42(42% L) B, i 45
QG IR , % R B LA S A AL B v R — 3, HAE 40% L BRI R[] LAY 22 N KL e LU
WA 2% Rl =60:40(40% L) B LA, R BS FH T R BT 200 i DX IR 56 IX el rry e L

FRZH NMR U] & A 2% A 3T DATE S 0 el e, ARBF9E e I 18 2% midli=3:2 T 550
PUA KT RFEI TS  AEPIRES | B, P 2Z (810 H G mT BE g 2200, Bore xh s 1 E AT 2 B L&
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B, TG o 7 % S I BSE  3 1 LL A

3.2.5 HHR(LOD) R4 E 2 s pu R @ N (2015 i) BLE , 5L T RE B BLLk MR A By 0 O s,
AL M LA 3 Bk 2 Bt A AR N MR R RE K BR (LOD ) o AN 93 LA 38 Y6 1S 40 W7 15 e L S/V>3 i /8
Ko th R, SEREAR I 5 R B 0 AR S e L R th R, 25 R L3k 2,

XFF qNMR, 3 [E 25 80 ZHR AR S/N =150 #E 2 mBR, XF a5 21 15 M L i R BouE
Hh E 27 B PO ER S 3 U] (2105 JiR) H19101 24 5 BT fE A I A B 7 YA B uE S R SR DL S/N =10 B vk
FERTTIERE IR (LOQ) o Ll iF 5% 45 5wl i & v [ 25 L i) 5 M L 25K (RBAIR 47 M LL 25 RS %5
JE2 2 B ER E  C-qNMRA{E M L ADRS 26 B i i . ARBIFGE R AR it BRASCE AR P4
3.3 SEERtFEmOHT

FRIG B R NI . BRI AR A TR SR AR 2R R, 382 2. 2 0 () 7 T L il s e AR i, 2.3 1 Y
JrEE . ArHraE R IR 3,5 3. 1.3 5 TR R Tl A DR 1 DU 25 R AR — 3, U] NMR s LN
Bl 5 AN [ 57 B g 0 7 () 235 SR P &

KGR iR & i 22, Hosn-1, 30 WAMAR S sn-2 A7 890 IR & 0 v , RS2 TR , 1 7 JRR 2
D X JURBRR 22060 T sn-1, 3060 AR FN IR T R R AEsn-1,3 47, F KM h Wil & s B, B
sn-1, 30758 sn-2 P& w2 LA TR 2 . & RIS H-qNMR 3BT 25 5 0T 0, K0 ATE AR 3
A M RFR AL | TR 1S i LA Z 28 FLRRAE 06 |t X AN s 5 6 1T R SO 9 v A SRR TR 5 2 LR
Z A RS C-qNMRIE L f , [RIE, 63X LR A o, AN R R A 107 R ZE sn-1, 360 F1 sn-2 i #8453
A7, I HA A 22K, AR A A B BR AR Fosn-1, 307 , RAGIN RN A sn-2 {71 FIAE TR
23 AR R

Table 3 Quantitative determination results of fatty acids in edible oil (% , w/w, n=3)

AT K F A AEAE
Sample Soybean oil Coril oil Peanut oil
W RIS i Saturated fatty acid sr:—nl 2,3 16.2+1.5 15.3+1.4 18.3£1.5
ST Total 16.2+1.5 15.3+1.4 18.3£1.5
L o i sn-1,3 27.8+1.7 30.7+1.5 18.7x1.4
Content of linoleic acid sn-2 24.0x1.6 20.5+1.2 12.5+1.7
ST Total 51.8+1.7 51.3+1.3 31.2+1.5
M A sn-1,3 15.5£1.3 20.1+1.2 24.9+1.8
Content of oleic acid sn-2 7.9+1.7 13.3:1.6 25.5+1.3
SF Total 23.4%1.5 33.4x1.4 50.5+1.5
T RERR & sn-1,3 4.5£1.0 - -
Content of linolenic acid sn-2 4.0+0.9 - _
B Total 8.6+0.9 - -

T BPEUE P +SD; Note: The values in the table are mean + standard deviation
B RMAEARMEAFHERELAELLERT LN,
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Simultaneous Determination of Fatty Acids at sn-1,3
and sn-2 of Triglyceride in Edible Qils
by Quantitative " C-Nuclear Magnetic Resonance

XIAO Kun, GONG Can, GUO Qiang-Sheng, XU Xu”
(School of Chemical and Environmental Engineering, Shanghai Institute of Technology, Shanghai 201418, China)

Abstract A " C-quantitative nuclear magnetic resonance (qNMR) method was established for determination
of content of fatty acid at different positions in edible oil. The positional specificity analysis of sn-1,3 and sn-2
in fatty acids in edible oil was performed using reverse-gated decoupling technique. The direct normal
integral , deconvolution integral using different Lorentz-Gaussian ratios, and other data processing methods
were compared for the analyzing " C-qNMR unseparated peaks. Then the deconvolution integral with Lorentz-
Gauss (3:2) was selected to extract the quantitative peak areas of two unsaturated fatty acids at sn-1,3 and
sn-2, linoleic acid and oleic acid. The content of unsaturated fatty acids in different positions showed that the
saturated fatty acids, sn-1 linoleic acid, sn-2 linoleic acid, sn-1,3 oleic acid, sn-2 oleic acid were as follows ;
soybean oil (16.2% , 27.8% , 24.0% , 15.5% , 7.9% (w/w, the same below)); corn oil (15.3%
30.7% , 20.5% , 20. 1%, 13.3% ) ; peanut oil (18.3%, 18.7% , 12.5% , 24.9% , 25. 5% ). The
sn-1,3 linolenic acid, sn-2 linolenic acid in soybean oil were 4. 5% and 4. 1% , respectively, but were
undetectable in corn oil and peanut oil. The result was in accordance with content of total linoleic acid and
total oleic acid detected by above 'H-qNMR method. " C-qgNMR can be applied to distinguish the location and
distribution of unsaturated fatty acids with easy sample preparation and flexible operation, providing a method
for quantifying the specific triglyceride positional isomer component in edible oil without its standard sample.
Keywords Quantitative nuclear magnetic resonance; “C-nuclear magnetic resonance; Edible oil; Fatty
acid; Positional isomer
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R S1l. LHEEXBAREBRWETARNLER (%, ww) RIREXTH

Table S1. Results (%, w/w) and error comparison of different deconvolution fitting methods

bR 75 5 TR i Syl IR i Sl MRS & AN
sn-1,3 sn-2 sn-1,3 sn-2 sn-1,3 sn-2
BN Sogad - 9.1+0.6 - - 51.5+1.7 - - 23.2+15
WAy Ohdik)  3.9+15 3.9+13  7.9+15 259415  225+1.7 48.4+17 153+15  7.3tl6  223+15
aii%it2% (100% L)  5.5+1.4  45+1.3  10.0+14  28.3+1.9 244415 52.7+16 159+12  7.9+17  23.8+l4
L/G=1:4(80%L) 42+1.2  40+1.1  8.3%1.0 26.3x2.2  23.1+1.8 494+19 151#14  81#19  23.1%16
L/G=2:3(60%L) 45+1.3 41x14  8.1#13 27.042.0 232+17 49.8+19 150#13 7.9#18  23.0+17
L/G=1:1(50%L) 45x1.4  40+11  8.0%13 27.1%19  238#15 504+18 150#12  7.9+#19  23.0%17
L/G=3:2(40%L) 45x1.4 3916  85%l5 274+1.7  236+16 51.0¢1.7 152#13  7.8#1.7  23.0¢15
L/G=3:1(20%L) 4412 4016  8.4%l5 274+18  232+#17 505+1.8 150#13  7.8#1.8  22.2+16
aim i (G, 0%L) 4411  39+#14  8.3x1.2 254415 218+15 47.2¢14 149+14  6.8+£20  21.7+15
W EHRBEATEME (=3, %, wiw) +SD; ZMH3EX K
Note: The values are mean (n=3, %, w/w) = standard deviation in the table; Vinyl region
£ S2. HEXBAREERUETRNER (%, ww) RIREXTE
Table S2. Results (%, w/w) and error comparison of different deconvolution fitting methods
b3R5 5 L I 7 R Syl MR & Syl MBS & S
sn-1,3 sn-2 sn-1,3 sn-2 sn-1,3 sn-2

EN L Ou e - - 16.2¢12 51.5+1.7 - - 23.2+15
TP YNE) 14912 - 14.9+1.2 26.2+1.4 21.5+1.7  47.7%16 12.51.7 7315 19.7+1.6
gmg@ziz) (100% 175414 - 175214 313£16  232¢13 545:15  144:14  B5:18  229+15
L/G=1:4(80%L) 16.6x1.2 - 16.6x1.2 30.4+1.9 22.0+1.8 525#19 13.51.8 8.1%1.3 21.7+1.6
L/G=2:3(60%L) 16.5£1.0 - 16.5+1.0 30.8+1.7 22.7+1.3 53514 13.2+1.4 8.6+1.4 21.8+1.4
L/G=1:1(50%L) 16.1+1.6 - 16.1+1.6 29.8+1.4 21.3x1.7 51.2+16 13.4x1.7 9.3+1.3 22.7+15
L/G=3:2(40%L) 15.9+1.5 - 15.9+1.5 30.0+1.3 21.6+1.8  51.6+15 13.4+1.3 9.3+1.6 22.9+1.4
L/G=3:1(20%L) 16.5+1.3 - 16.5+1.3 29.4x1.7 22.7¢1.7  52.0£17 13.0+1.8 8.7+1.4 22.8+1.6
afim il (G, 0%L) 17.24¢15 - 17.2+1.5 30.7x1.5 225+1.3 53.3%14 12.9+1.3 7.5£1.7 20.41.5

(TR EUE N T £ SD;s Pk X350

(The values are mean = standard deviation in the table; Carbonyl region)



