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Analysis of Molecular Species of Vegetable Oil Triglycerides
by Capillary Column GC-MS

Hyeung-Sik Yoon, Seon-Bong Kim and Yeung-Ho Park
Department of Food Sctence and Technology, National Fisheries University of Pusan, Pusan

Abstract

Triglyceride molecular species in some vegetable oils were analyzed by capillary column gas
chromatography and electron impact ionization mass spectrometry utilizing selected ion monitor-
ing. Triglycerides were separated according to their molecular weights and their degrees of un-
saturation on 25m x 0.25mm fused silica open tubular capillary column coated with a phenyime-
thylsilicone gum stationary phase and in an analysis time less than 13 min. Triglyceride molecular
species were identified by analyzing the fragment ions having the same time on the selected ion moni-
toring profile. The major triglyceride molecular species in each oils were Cg;-C g,°C g (OLL:
18.3%), C15.5.C15.2-Crg(LLL; 14.3%), C14.C15,.C15SLL; 14.1%), Cy4,0.C155-C1goPLL; 13.2%),
C16:0-C182-C15.(PLO; 11.6%) in corn oil, Cg5.C1g5.Cigo(LLL; 18.0%), Cjg,:Cig,.C1an(OLL;
18.0%), C1,0-C15.2-C 15o(PLL; 17.1%) in safflower oil, Cg,.C 4.5.Cigo(PLL; 23.5%), Ci6:0Ci82-Ciag
(PLO; 13.8%), C144.Cy5,.C151(SO0; 13.5%), C4.1.Cg.0-C1aAOLL; 10.6%) in cottonseed oil.

Key words: triglycerides, molecular species, capillary column GC/MS, vegetable oils.
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Fig- 1. Capillary gas chromatogram of triglycerides pre-
pared by random interesterification of tristearin (SSS) and
trilinolein(LLL}.
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Fig. 2. GC/MS selected ion monitoring profiles of trigly-
cerides prepared by random interesterification of
tristearin(SSS) ond ftritinoiein(LLL). 1, SSS; 2, SSL; 3,
SLL; 4, LLL. S, stearic acid; L, linoleic acid.
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Table 1. Values of RCO™ induced from randomized au-
thentic triglycerides (SSS-LLL)

TC:DB? Molecular Fatty acid

species residue®  M* RCO* [M-OCOR]*

S 267 607
54:0 SSS S 890 267 607
S 267 607
S 267 603
54:2 SLS L 886 263 607
S 267 603
N 267 599
54:4 SLL L 882 263 603
L 263 603
L 263 599
54:6 LLL L 878 263 599
L 263 599

a) TC, total acyl carbon number; DB, the number of double
bonds.
b} S. stearic acid; L. linoleic ocid.

Table 1o|A*28 m/z 2672 stearic acid® RCO*
#el m/z 607& SSS} FAtF 8904 stearic
acid Z719) RCOO*3tE =4 [M-OCOR]*3teoldt, =t
2}4 peak No. 1& SSSZ ZAslgch, peak No.2
€ HFEATL 7. 6804 Wl 78 peak ¥ m/z 263,
267, 603, 60704 77+ AZ=ded, m/z 263%
2672 717} linoleic acid $} stearic acid 9] RCO*%k
ojet, a8l m/z 6037} 607& SLSe| ¥xtak 886
o4 7tz stearic acid ¢t linoleic acid 719
RCOO*E = gtelch, o}2}4 peak No,2& SLS &
A%t peak No, 34 E vl7le] peak 7} 722
o 22| 7kelA AEsHAEE, m/z 2639 267 F
AEol Aol ol APAAIE dEFE FoE
747} linoleic acid 9 stearic acid 9] RCO*Zkelrt,
z2l 2 m/z 599, 6032 7tk EelgeldlEls ExXE
o] ®A}eke k49l fragment ion 2l [M-OCOR]*
o2 Table 19428 SLL & (M-OCOR]*#%
2 & dx%ch, d2ta peak No,32 SLLZ &
As5)elct, 28l peak No, 49 A%+ =FEA
7+ 9.0%ol4 5 719 peak 7} m/z 2633 599l
A 727 AZEJgEd, m/z 2632 linoleic acid
o} RCO*Zel™ m/z 599 LLL <2 [M-OCOR]*%
o|ch, webA peak No.4% LLL & FA3H5A

Capillary column GLC % GC/MS-SIMol| 25t 4|
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Table 2. Fatty acid composition of triglyceride in refined

vegetable oils (%)
Fatty acid Corn Safflower Cottonseed
14:0 0.11 Tr. 0.73
16:0 7.4 11.01 20.10
16:1{n-7) 0.09 0.08 0.42
17:1(n-8) ND 0.08 0.11
18:0 2.76 2.56 2.90
18:1(n-9) 31.69 31.10 18.79
18:1(n-7) 0.70 0.75 0.92
18-2(n-6) 55.61 52.03 54.56
18:3(n-3) 0.28 0.92 0.42
20:0 0.35 0.53 0.31
20:1(n-9) 0.35 0.44 0.29
22:0 0.46 0.31 0.29

Tr.: trace (less than 0.05%). ND:not detected.
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GLC 2 ¥4% z=zvtxa3¢ Fig, 3 vehigich
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549] Al o= o] Au & A7 EHzilen
= BFEAIZE 118l 25 1279] peak 7} A&

Table 3. The content and reproducibility® of each trigly-
ceride molecular species capillary column GLC profile of
corn oil triglycerides

Molecular Standard Coefficient
species? Mean % deviation of varigtion
POP 2.54 0.05 2.0
PLP 3.75 0.09 2.4
POS 1.63 0.08 4.9
POO +PLS 6.48 0.12 1.9
PLO 11.62 0.14 1.2
PLL +PLnO 13.38 0.15 1.1
PLnL 1.81 0.06 3.3
SO0 2.50 0.05 1.9
000 +SLO 6.25 0.09 1.4
OLO+SLL 16.42 0.17 1.0
OLL 18.3) 0.17 1.0
LLL 15.31 0.15 1.0

a) Indicated as results of five injections.
b) P. palmitic acid; S, stearic acid: O, oleic acid; L, linoleic
acid; Ln, linolenic acid.
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Fig. 3. Capillary gas chromatogram of corn oit trigly-
ceride.
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Fig. 4. GC-MS selected ion monitoring profiles of corn
oil triglyceride.

1, POP; 2, PLP; 3, POS; 4, POO and PLS; 5, PLO; 6, PLL ong
PLnO; 7, PinL; 8, SOO; 9,000 and SLO; 10, OLO and SLL; 11,
OLL; 12, LLL. P, palmitic acid; S, stearic acid; O, oleic acid; L
linoleic acid; Ln, linolenic acid.
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Fig. 5. Capillary gas chromatogram of safflower oil trig-
lyceride. P, palmitic acid: S. stearic acid; O. oleic acid;
L. linoleic acid.
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OCOR]-2] m/z 5759 m/z 597 A+ obF& pe-
ak % wrebvbA skeh whebA m/z 2612 lin-
olenic acid ¢ [RCO—2]*3l 7oz 47, 2=
peak No, 2+ palmitic acid ¢t linoleic acid9 +
el ajubabe 2 FAHH Ao Aztsled], ol &
A}£o g PLP9 PLLE 4 slch 22y PLL
ol M-OCOR]*al m/z 5759 m/z 59%IAE obF
2 peak © WERR] 9kgkxlet PLP ¢ [M-OCOR]*
ol m/z 55174 5750lME e W FEAIRkelA Z2te]
peak 7} %59}, w2l peak No, 2w PLP<l
Ao g FAHSR,

3t3l peak No, 4ol4E RCO*S 74-% m/z 239,
265, 263, 261, 267°] vlq A FEAIZ A AE=
o JAs Asids m/z 2657F m/z 263, 261, 267
wob =2 wel AZE9a, m/z 2399 peak v WA
Ha oy AL & 4 gich ol#d AHEFH o
peak No, 4ollE 5 79 ¥, 5 palmitic acid
9t oleic acid 2 4" FAE# palmitic acid,
stearic acid, linoleic acid .+ linolenic acid &

sl FAEe]l EAe) & 23T 4 ek ol
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Fig. 6. Capillary gas chromatogram of cottonseed oil
triglyceride.

M. myristic acid; P. palmitic acid; S. stearic acid; O, oleic acdi;
L. linoleic acid.

& A e o FEAZ0NAY ExEe) B o
4 %+ fragment ion<l [M-OCOR]*¢] ZhE = m/
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& 4 et ol2d Yoz Yniz] 2 ¥xF peak
€ A3l Fig. 40l 3 vrebigict,

a2l3 capillary column GLC Aolj4l de2lg 24
G Ef2EMs 7 peak o AP} 1 ¥AF
ZA4<E Table 4 eI, 2 23 AYAHL ks
¥ Aoz vehgos, F8 ¥A3e OLL, LLL,
SLL, PLL, PLO<l 222 wZc), = oj4la} e
capillary column GLC ¢} GC/MS-SIM & o] &&=
ez 3 ErjgeAE=e HAG e2ldeq)
Aef ¥A4% a3ckeade Fig 4o vehigic
2 A F3 egFPAdzed F3 ExEe
LLL, OLL, PLL, SLL, PLO°Iglew, wAl$ =g
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OLOA ez velydc} oleiq Astel e Ags

Table 4. Values of RCO* and [M-RCOO] * induced from
vegetable oil triglycerides

TC:DBY Molecular Fatty acid

+

RCO* [M-OCOR]*

species  residued
M 21 577
48:1 MOP (o] 804 265 523
P 239 549
M 21 575
48:2 MLP L 802 263 523
P 239 547
P 239 577
50:1 POP o] 832 265 551
P 239 577
P 239 575
50:2 PLP L 830 263 551
P 239 575
M 211 601
50:3 MLO L 828 263 555
(e} 265 553
M 21 599
50:4 MLL L 826 263 547
L 263 547
P 239 605
52:1 POS (o] 860 265 579
S 267 577
P 239 603
POO o] 858 265 577
(e} 265 577
32:2
P 239 603
PLS L 858 263 579
S 267 575
|4 239 601
52:3 PLO L 856 263 577
O 265 575
P 239 599
52:4 PLL L 854 263 575
L 263 575
P 239 599
52:4 PLRO Ln 852 261 577
O 265 573
P 239 597
52:5 PLnL Ln 852 261 575
L 263 573
S 267 605
54:1 SOS o] 888 265 607
S 267 605
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Table 4. (continued)

2= & ¥t 2% 4 peak & GC/MS 9] sel-
ected ion monitoring ¥4-¢ %3ld FHI= E
Al £ Hulde] AL sddE xS
7l Y5l BF =ejFEjdEls U S, 3
HAR-9 eel@eAleleg A5 sl AYsisrt.
2 A A8F egFAf =+ capillary col-
umn GLC(65% methylphenylsilicone) Aol 4 ac-
yl 719 deta4d 9 o|FA 4ol ute} FE s T,
acyl 719 Felag9} o|FAYPIL A A+ T4
Sl aie} Rels §AE ¥4, 23
2 29 2 ¥AF peak o S Ad =S4l
2= GC/MS42 A= spectrum 3 RCO*$
[M-OCOR]*& Al¥zle] ARgsigiedl, Aad =P
Fejdg=e F8 BAFL S94v9 A% OLL,
LLL, SLL, PLL, PLO°ISl®Z, ¥3%9 A%+

S 267 603
54:2 SO0 0} 886 265 605
(o] 265 605
O 265 603
000 (e} 884 265 603
(@] 265 603
54:3
S 267 601
SLO L 884 263 605
(o} 265 603 2 upatel
[} 265 601
oLo L 882 263 603
(@] 265 601
54:4
S 267 599
StL L 882 263 603
L 263 603
o 265 599
54:5 OoLL L 880 263 601
L 263 601
L 263 599
54:6 Ll L 878 263 599
L 263 599

a} TC, total ocyl carbon number; DB, the number of double
bonds.

b} P, palmitic ocid; S, stearic acid; O, oleic acid; L, linoleic
acid; Ln, linolenic acid.

EFjMzied HPLCE ol&3ld ¥A% Anue
ot vlasl vl TAEATY golle ok o7} gl
U F8 PAFL T AL & 4 Uk

ety HPLC§ o83 4»hye] GLC ¥473
s} HPLC #4735 $A EeZgHels 3o
Tl e FA AAke 23e A At
ex|geAEs 24 tHicke AL 22¥ o, 9
T FAFoz FAs gle Ad{A EIeH=
o AIREAE ¥AF gl AP oz AL &
A dle ¥ A7 FAubge] FER Aes A7
e}, ol & A7 BHzAc s+ EggEdes
BA139 ¢A o|4A| (POP-PPO-OPP)Y] ¥elv ¥
4 glgled olH¥ AL go o AFsHoop ¥
FAjt J7Ld,

2 <%

Capillary column GLC & A-43le &34

LLL, OLL, PLLej9lx, #H4+9 7%+ PLL,
PLO, SOO, OLL °|3i=t,
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