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Quantification of major triglycerides in vegetable oils by liquid chromatography—tandem mass spectrometry
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Abstract: There are many types of triglycerides in vegetable oils, and their structures are complex, which is
difficult to quantify with certainty. This paper used liquid chromatography—tandem mass spectrometry, selective re-
action monitoring (SRM) mode, two pairs of ion pairs for qualitative, external standard method to accurately quantify
seven major triglycerides in vegetable oils, including: glyceryl trilinolein (LLL), 1-oleic acid-2,3-linoleic acid glye-
eride (OLL), 1-palmitic acid-2,3~linoleic acid glyceride (PLL), 1-palmitic acid—2-oleic acid—3-linoleic acid glyc-
eride (POL), glyceryl trioleate (000), 1,2-oleate—3—glycerate glyceride(OOP), 1-palmitic acid—2-oleic acid-3-
stearic acid glyceride(POS). The triglycerides were separated by reversed—phase chromatography, and the isopropyl
alcohol / acetonitrile mixed solution and acetonitrile / water mixed solution were used as mobile phase gradient elu-
tion. The triglyceride could be separated and detected within 15 minutes. This method has a good linear relation-
ship, all above 0.996, with a detection limit of 0.3 wg/kg, a limit of quantification of 1.0 pwg/kg, and a precision
(RSD) of 1.2% to 4.9%. The method is simple and fast to operate, and it can be used to detect the seven triglycer-
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ides in vegetable oils such as rapeseed oil, corn oil, and peanut oil.

Key words: vegetable oils; triglycerides; liquid chromatography—tandem mass spectrometry ; accurate quanti-

fication
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=Wyl R H il e (LLL) | 1-3h 2 -2,3 -390 R H

IR (OLL) | 1-FEAR R 2,330y R H i s (PLL) (1
Ty B R 2V PR -3 B2 H iR (POL)  — IR H
AR (000) | 1,2-3M R -3 KA B2 H il fis (00P) . 1-
FRAE R -2l R -3 -1 5 92 Tl ik (POS), 1 T Laro-
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ST at) BB G RBHE: (D A R
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/R B4 A FR 2 Bl 5 Hypersil gold—Cq 235 4 (3. 0
pm, 2. 1x100 mm) : 3¢ I FEBR G /RBHE A BR A 7 5
XH-C JiE I TR 21 2 « M oA R AU il i A PR A ) 5
HITACHI CT6E &5 .0 #l : H A H 37 A FRZA Fl 5 0. 22
wm A HLZ JE B 56 [F Millipore 2 7] s DTC-27) # 75
PR = v D AL 5 28 A Al R 8 A i A BR
A5 1.5 mLaEE /MR : 52 Aglient A F] o
1.3 FHik
1.3.1 MEmrebes A —iRfEMESIAR o
S AERAFREL 100. 0 mg = . JM B2 H Mg (LLL) \ 1-3H
fi% 2,3V 3 52 H I S (OLL) | 1-A7 4 iR -2, 3 TV 3
1% H il g (PLL) | 1—Ao¢ R 2 —2— T 52 -3 S0 i 1R H ik
fig (POL) . =y & H ¥l ik (000) | 1,2— I iz -3-F il
1% HM TR (OOP) 1A 2 —2— il R -3 - g 1 T
fik (POS) & FlAn i i T 10 mL A (A 5 E b, 52
PIEEAE IR AW (50/50, V/V) i IR A ¥ 50 Bl
il B A 10. 0 mg/mL [ B — H5 ofE fiff 25 TR, —
20 CLA R IRAT -

R HIh = B A 25 W - 43 51 1 L o o —
FRUEREAS W 100 pL, T 10 mLAZ @A ST, H 5
PR BERR B, T ) B MR B2 R 100. 0 pg/mlL (TR A FRifE
TAEH W, -20 CLAU T BEGRAT

A H 0 =B AR T ARV - o3 I — 7 o
P TR A s YA 4 R, FH S5 TR T R Wk 32 4 3l
2.0 pg/mL.5.0 pg/mL, 10. Opg/mL. 20. 0 pg/mL
40. 0 wg/mL FTRABRIE TAE W, P BLRC .

1.3.2 H&H& RERAMNZ HEFRREO. 1g
(RG22 0. 0001 o) FEP il UEE B F 10 mL kR 2
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Table 1 Gradient elution program of liquid chromatography

s} [] /min B A% WS B/% i/ (mL/min)
Time Mobile phase A Mobile phase B Flow rate
0.0 10 90 0.2
3.0 10 90 0.2
10.0 90 10 0.2
10.1 10 90 0.2
15.0 10 90 0.2
*x2 B EYREBRBEEREA#SHE
Table 2 Retention time and scan parameters of targets
Hir¥ 1 B1 A ) BEES T FET il i g
Compounds Reserved time /min  Parent ion [ M+NH, ]*/(m/z) Product ion /(m/z) Collision energy /eV
=R H il LLL 8.50 896.80 599.5%/337.3 27
1=ThER -2, 3- 3 R H ik OLL 9.15 898.80 599.5%/339.3 24
I =ftRmR -2 , 3- .3 H- il K PLL 9.18 872.80 599.5%/575.5 30
1= fAR R —2—Th R —-3— .3t R H- il ik POL 9.79 874.80 601.5%/577.5 25
=R Hihg 000 10.33 902.82 603.5%/339.3 26
1, 22— R -3—Ar R H ik OOP 10.38 876.80 577.5%/603.5 31
1= f AR R —2— Il R -3 R AR 1R H il POS 10.91 878.80 579.5%/577.5 40

VR T

Note: * indicates quantitative ion
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579.65,605. 51 (15 5 3 E K. I, POS Al #x
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FERFE R R (% 2),
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]0
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50
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5 108
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5 50
ohd
<
e 0
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W LLL: =2 H B 5 OLL : 1-TM AR 2,3 IR T K 5 PLL : 1 -4 A 2 -2, 3— 03 2 H I B 5 POL « 1— A5 R —2— i1 52 - 3— S0 i 82 -V 7
000: =W H IR ; OOP: 1,2- TR -3 A5 W2 TR ; POS « 1-F il 2 -2 -1 R -3 - JR 1R

Note: LLL: glyceryl trilinolein; OLL: 1-oleic acid-2,3-linoleic acid glyceride; PLL: 1-palmitic acid=2,3-linoleic acid glyceride; POL: 1-palmitic acid—

2-oleic acid=3-linoleic acid glyceride; O0O: glyceryl trioleate; OOP: 1,2-oleate—3—glycerate glyceridep; POS: 1—palmitic acid—2-oleic acid—3-stearic

acid glyceride

B1 7fHEHB=ERERRNEIER

Fig.1 Chromatogram of 7 triglyceride standard solutions
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B2 1-iRiEEE-2-HER-3-TEAS B H M BR (POS ) EARAHEREE T — A H RiLE
Fig. 2 MS? fragments of POS at different collision energies

3 EUHNERBENBEFFEENRAALITFIRE
Table3 Maximum allowable error of relative ion abun-

dance during qualitative determination

AR T

Relative ion abundance

>20%~
>50%
50%

>10%~
20%

<10%

FUVF A i 22

Allowable relative deviation

+20%  +25%  +30%  +50%

2.3.2 ®EHH Hh=HEE— B A A — ik
PEAT AN E i, AR SCHBGR & A v A5 e 52
PERE SR 2 mRHE , BEAT AN PRk 4 0 1. IR
Ve JRE ) o VA R R, g — MR AR A AR B R
JIv e W T R L B8 F 205 0 17 B R B (pag/m L)
VE i il £, 3 53 T b = 1 [ 3 05 78 R A OC &

H(£4),

M2 4 T LA, Hl =R A0 ok Lt va Y
AT 3B . e IR BEAS A E %  R 7
Folr b = B B R LOD (355 M 1k ) 1k 0. 07
pg/mL, 7E 5 BR LOQ (10 f5 1% Me Lt , [A] i A6 [ i %
AR 5 ZECESR ) B 0. 2 pg/mL.

2.4 AEHRBEEITEN

fi F H RDKS 2% BEPEAN P I A B . H Ak
B R R SR AR A R S B O vk IR
22 3 RATEY AR S AT T 3 R R 5.
SATDASRA, B =B S WAE AT P e 25 1,
A XS A 7 A 22 (RSD) K 1. 2% ~ 4. 9%, 36 B 7 i
AT G, BEAS T AL AT T H I = R VRORH i AR
o e N A R
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5 304
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I
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TE: A =R H M (LLL) 5 B: 1=3MAR -2, 3-SR H il Bk (OLL) ; C: 1-FR AR -2.3 -0 iM AR HHMER (PLL) s D+ 1 -3 R -2~ MR -3 - M R H
TR (POL) s 1: —3HER HHTE (000) s F 2 12— -3 B HH T (OOP) 5 G« 1 -4t B -2 R -3 - AR T (POS)
Note: A: glyceryl trilinolein (LLL); B: 1-oleic acid-2,3-linoleic acid glyceride (OLL); C: 1-palmitic acid=2,3-linoleic acid glyceride (PLL); D: 1-pal-
mitic acid=2-oleic acid—3-linoleic acid glyceride (POL); E: glyceryl trioleate (000); F: 1,2-oleate=3—glycerate glyceride (OOP); G:1-palmitic acid-2-

oleic acid-3-stearic acid glyceride (POS)
B3 ERHEH =B R R RS E
Fig.3 MS?of 7 triglyceride standard solutions

2.5 SEBREFSKET FEl7E 7. 6 ~ 53. 3 mg/g, PLL Y & {5 I 7E 7. 3~ 10. 2
IR ST TR (% - B A I a3 S8kl . mg/g, POL A& HEVE IR 6. 3 ~ 23. 7 mg/g, 000 AY

TR AEAE W TR SRR AT, SR E Y EYEFITE 8. 6~ 11. 2 mg/g, OOP [ & L I 7E 11. 0

LLL ()£ 5 Y8 Bl 7E 10. 1 ~ 26. 2 mg/g, OLL i & &3 ~43.5mg/g, POSTTHETET. 2~ 12. 5 mg/g(F5).
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x4 BHRULEYRHEIEAE.GECERIBXRE
Table 4 Linear equation,linear rangesandcorrelation coefficients (R?) of target compounds
&Y (5] = 77 EE B4
Compounds Linear equation Linear range /( pg/mL) Correlation coefficient
= H A LLL Y=47814*X-38155 0.20~40 0.999
1=9PR -2, 3~ 2 H il OLL Y=32819%X-21789 0.20~40 0.999
1-FERE AR -2, 3- ML Ih R H- i g PLL Y=23764*X-13098 0.20~40 0.999
1= KRR R -2 R -3 AR TR POL Y=28034#X+635.271 0.20~40 0.999
=Ahi Hhg 000 Y=14110*X+ 16883 0.20~40 0.998
1, 2-1HER -3~ FE AR H s OOP Y=6132%X +5674.39 0.20~40 0.996
1A R -2~ AR -3~ AR 2 1 il 5 POS Y=58762%X +5478.12 0.20~40 0.998
x5 AEERFHB=ZEUE (n=3)
Table 5 Determination of triglycerides in different samples (n=3)
SekF Tk ABHE I
Rapeseed oil Corn oil Peanut oil
et/ — - = - - -
. H 2 Rep. SERIE T Rep. SEYA{E & Rep. SEI(E
Compounds RSD RSD RSD
/(mg/g) Mean /(mg/g) Mean /(mg/g) Mean
—_— 1% 1% ———————— 1%
1 2 3 /(mglg) 1 2 3 /(mglg) 1 2 3 /(mglg)
=R H g
LLL 26.1 259 26.5 262 1.2 16.6 153 16.0 16.0 4.1 10.1 9.8 10.5 10.1 3.5
1-THAR -2, 3- IR H R
OLL 54.1 535 522 533 1.8 78 73 78 7.6 3.8 349 335 32.6 337 3.4
1-FEAR -2 , 3- 0 IH R H i i
PLL 89 85 93 8.9 4.5 10.2 10.7 9.8 10.2 44 74 75 69 7.3 4.4
LA R —2— T R -3 — VI R H i iR
POL 6.5 63 6.1 6.3 3.2 19.5 19.8 18.6 193 32 247 23.6 228 23.7 4.0
=R b g
11.2 11.7 10.6 11.2 4.9 102 9.7 9.6 9.8 33 82 87 8.8 8.6 3.8
000
1, 2R -3 —F e i H-iih g
00P 21.3 21.0 20.6 21.0 1.7 449 435 422 435 3.1 113 11.0 10.6 11.0 3.2
1 R —2— Tl R -3 i 7k H il g
POS 76 70 74 7.3 4.2 75 7.1 7.0 7.2 3.7 121 129 125 125 3.2
3 ééj: -]‘/{,} Variants with large effects on blood lipids and the role of
cholesterol and triglycerides in coronary disease[J]. Nat
S i = WE AR Sy B R/ 3 S FH =5
N P i = AN e = N yih — e N Skt e e
CLBARRT S SR WASBETRENE TR = (3] e a4 mAr AR I D 15
i F) Y8R €0 38 — 3 R 8 o A A 0 O kL 35 1 T LR 8 R IS S 56 2 [ ], rh A 1 bl
PISEIH I =B A HERf O &, X TR R R R Zui, 2015, 19(7) : 696-700.
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