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A Rapid and Convenient Method for the Determination of Fatty Acid
by Gas Chromatography—Flame Photometric Detector
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Abstract—A new method of determination of fatty acid using gas chromatography—flame photometric
detector (GC-FPD) is described. Fatty acid was methylthiomethyl-esterified with methylthiomethy chloride
in 1, 8-diazabicyclo (5, 4, 0J~undec-7-ene catalyst and its concentration measured by GC-FPD with 3%0V-1
or 3% FS-1 column. The FPD responses of thirteen fatty acid methylthiomethyl esters were examined and
were proportional to the concentration of the esters without regard to their chemical structures, Consequently
it was possible to determine various fatty acids using one standard calibration curve by GC-FPD, We could
rapidly and conveniently determine 13 fatty acids in Ginseng Radix alba by this method.
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Table I—Regression analysis data* for calibration curve of fatty acid obtained by GC-FPD.

Compound Conc. Range(nmol/ml) n Slope Intercept r SSE*#*
Tridecanoic Acid 17.68~ 88.40 4 2.008 0. 550 0.9976 0.615
Myristic Acid 24.39~113.82 4 2.066 0. 168 0.9991 0. 352
Pentadecanoic Acid 19. 45~155. 60 4 2.033 0. 370 0.9991 0.781
Palmitic Acid 17. 58~158. 22 5 2.102 —0.275 0.9979 2.339
Heptadecanoic Acid 20.84~166.72 4 2.116 —0.539 0. 9998 0.197
Stearic Acid 21.41~128.46 6 2.148 —0. 480 0. 9975 2.039
Oleic Acid 28.80~172.80 6 2.024 0.533 0. 9984 0. 659
Linoleic Acid 25.36~152. 17 6 2.045 0.235 0. 9994 0. 495
Linolenic Acid 22.21~133.25 6 2.090 0.070 0.9993 0. 459
Arachidic Acid 38.63~193. 13 5 2.123 —0. 460 0. 9989 1.512
Behenic Acid 19. 80~158. 39 4 2.104 —0. 443 0. 9997 0.187
Erucic Acid 49. 20~246. 01 6 2.079 —0. 286 0.9990 0. 375
Lignoceric Acid 53.41~213.64 4 2,043 0. 350 0. 9993 0. 807

* Regression analysis data were calculated using the relationship between the concentration of fatty acid

and the peak area (v H-W). **Sum of residual squares on population.
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Table II-—Recovery test. 0 500“ Y = 2.068X + 0.012
e - o
*Compound **Recovery (%) §‘ 400 ¥ = 0.9990
a n = 64

Myristic Acid 101. 3+1.6 Z 300
Heptadecanoic Acid 104.2+2.0 & 200
Arachidic Acid 98.8+0.3 g 100
Erucic Acid 103.52+3.8 S
Lignoceric Acid 99.642.7 0 o B0 o wo 200 0¥
* To 1g of Gir;seng Radi:r alba was added about Coneentration (nmol/ml)

2mg of fatty acid. ** Mean of five determina- Fig. 1—Standard calibration curveé for 13 fatty

tions #SD. Determinations were not corrected. acids by GC-FPD.
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Fig. 2-Gas chromatograms of fatty acid MTM est-
ers (upper and center) and methyl esters
(lower) from Ginseng Radizx alba. GC con-
ditions: upper; 3% FS-1 on Diatomite CQ,
FPD sensitivity 6.4x107%fs, center and
lower; 3% OV-1 on Chromosorb W, FID
sensitivity 3.2 x 10 %fs.
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Table III—Assay of fatty acids from Ginseng Radix alba harvested in Keumsan, Korea for 4 years

*tR(mm)

- - - - **Compound **Eg(:;/tgl t
Upper Center Lower
1.72 3.21 1.02 (1.1 0. 443
2.14 6. 66 2.21 Unknown +
2.49 7.37 2.94 Tridecanoic acid 0.048
3.69 8.89 4.12 Myristic acid —
5.27 10. 54 5. 44 Pentadecanoic acid 0.020
6.19 11.70 6.61 a1e6:1 0. 051
6. 60 12.17 6. 94 Palmitic acid 1. 459
7.48 13.21 8. 02 a7:1) 0.037
8.05 13.71 8.49 Heptadecanoic acid 0. 067
8.81 14. 67 9.44 Linolenic and Linoleic acid 3.012
8.81 15. 00 9.72 Oleic acid 0. 385
9.13 15.21 10. 14 Stearic acid 0.023
10. 20 17.61 10.91 Unknown +
10. 77 18.07 11.41 20:1) 0.152
12.63 18.20 13.24 Arachidic acid —
13. 38 20. 04 14.07 Unknown +
15.10 20.84 15.78 Erucic acid —
15.10 21. 37 16.21 Behenic acid 0. 096
16. 62 22.81 17. 60 Unknown +
18.12 23.98 19.18 Lignoceric acid —

* Gas chromatographic conditions same as in upper, center and lower figure as shown in Fig. 2, respe-
ctively. **Identified by authentic samples except the compound in parenthesis, and assumed the struc-
ture of the compound in parenthesis by mass spectrum (refer to “EXPERIMENTAL?”) but unidentified
the position of double bond. ***Average of four determinations contained in lg dried sample weight.
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¥ U HH¥}—Tridecanoic acid, myristic acid, pentadecanoic acid, palmitic acid, heptadecanoic
acid, arachidic acid, behenic acid, erucic acid, lignoceric acid(o] 4 Sigmail), stearic acid, oleic
acid, linoleic acid, linolenic acid(o] 4} M uifbEHL), =<-Hufn 2 REAFN JEH5# methyl ester kit
(Ci2~Cyy, HA Az 28 T4 MFIHENEE methyl ester kit(C;,~C,s, K Applied Scienceil)
T % 35%es A}Q—d}siu}

BEE, A3l EE, benzene, ethyl ether (o] A5 88%8), MTM-Cl(Aldrich#l) ¢} BF;-MeOH
(E. Merck®) &= #R%8-¢ 20l 2 Ab&-etglon] DBU(Sigmald) &= RERET A& A48

B2 4FR filE MsEGRREA, A 2d A 1984.9.18) & AH&-stgt.

S E—PES HkE 3 F 25 < 10ge A &3 HHsle ethyl ether 50mlE 78tz
40°C Kify bol A &34 Eol BH-FZabg vk K-S o 38z ZALE ethyl ether 15mls o
2 33 AHg F ogstd 4o mbEe Fa 2MEES S 13802 5T F 24 2
w71l &7l 5 0.1IN-NaOH -9 25mle s &3 R &gstax 24 wAsgdet. Kge 3o
HE Fd e el 7 a e o9 KiEsH getgeh. kg 0.5N-HCLE 78l Biko® ot
A %ol & benzene 30ml, vhgof & 20ml¥ o2 23] fhsterh. MRS 2ot MAKEWME K
KAZ % elohatm Abak % ofA & benzene 20mlE 3tz 4312 1y ARem Qg
qH Alo)g el 100ml 7 f flaske] Y3 benzeneg sba) B E wtFe] AMHhHBLE
a9k

BERFEES] MTM ester{t— Li! A WAl =2 wE 2 AT FE benzenefd (FET
Table 1 =)ol 2 A wbatol whal <F 10w B3k o] A4e] MTM-Cle} DBUE 7}sle} 80°C 544
ol A 34l 7tEqt ub-&A e J’RJ@YEA%% 0. IN-HClg-9 5} 52 A% 35 benzeneff & 3l 4
KAsAgoz BKkAR ohd EBES GCEA e o &gt

RER5EES| methy ester{k— Metcalfev«l w10 whe}l BE BRRIEE WK 3mlE ) She] BF,-

MeOH 3ml% 7}stss 100°Col A 3087 A 2ok KHEHS s obg Kilfn o shy
EE& 2mle} ethyl ether 2mlE ~}3) JJE A7) sz ethyl etherfg-& &) BiAkA7 F GCHAeof ol
43t9 o

S —FPDs} FID7} 452 Gas Chromatograph(Pye-Unicam GCV model 104) & o] -£-3}
o FeRsE MTM ester $-24 2 4349t #ae 3% FS-1¢ Diatomite CQ(100~120 mesh)
o #HMEsl 2.0mx 4, 0mm i.d. coiled glass columne FE#EAlA Atgdlg o At s AL
150°Col| A 287 fE@o 2 |23 & 5 0°C/mingEE 240°C7 =] HiR #1Estdd ol

Carrier gas (N9 W& 25ml/min°i st en AL U BHEY] EEE 270°CR 23
s ok, KFESS BEY WE-L FPDY A9+ 77t 20ml/min, 27ml/min, FIDS] 7 -3= 77+ 15
ml/min, 100ml/mine 2 ;ﬁ%ﬁvs}sﬂ o] sensitivity= FID 3,2x107%afs, FPD 6.4x10"afs2 =%

sk
BsRbEE methyl esterf- =39 4479 FID7} 4% % Gas Chromatograph(Shimadzu model GC-
RIA)ol 4 & 3tgch. o] 3% OV-1 on Chromosorb W(80~100mesh) & 2, 0mx3.2mm i.d. U-
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shape glass columno] FHEA|7] 7harg o) &aigir}y. AL EE HE 140°Cell A 187 Feon

FAR F B 5°C FEZ 250°C7A] 524 vl Carrier gas(Ny), K# 2 mH s 7

7} 26ml/min, 30ml/min, 80ml/mine & }gloe] AR 9 7E7]9 L2 BF 280°CE 319

v}, Sensitivity: 3. 2x 107 %afsz x4 3l¢lct. GC/MS system& fused silica OV-101 7 = 2] 2] 7

@ (12mx 0. 2mm i.d.) & 140°Cell A 250°C7}=] 4°C/mino 2 Hiy8 =z = (He linear flow rate 20cm/

sec) 3l L] Hl £ K& T0eVel A o] &3l # K spectrumg 91 ¢lth.

GCell A AEES B 2 palmitic acide} linoleic acide] HE~# E 7 o4 F935 m/est

I o] ZBE (%) & T3 2l

11:1; m/e 244(M*, 0.29%), m/e 167(M+*—OCH,SCH,, 3.6%), m/e 126(CsHys?, 100.0%),
m/e 125(CeHyr*, 1.9%), m/e 111(CgHs™, 2.5%), m/e 97(C;His*, 2.9%), m/e 83
(CeHut, 1.9%), m/e 69(CsHot, 24.2%), m/e 55(CH;t, 42.8%),m/e 43(C,H,*, 14.7
%), m/e 41(CsHs*, 55.7%), m/e 61 (CH,S*=CH,, 18.8%).

16:1; m/e 314(M*, 0.1%), m/e 237(M*—OCH,SCHs, 1.5%), m/e 225(73.0%), m/e 16g
(Clez;, 13.5%), m/e 139(CioHye*, 10.8%), m/e 125(CH*, 16.2%), m/e 111
(Cetlis*, 8.1%), m/e 97(C/Hys*, 18.9%), m/e 85(CeHyst, 29.7%), m/e 71(C;Hy*,
60.8%), m/e 57(C,Het, 78.4%),m/e 43(C;H;*, 48.6%), m/e 41(C;Hs*, 10.8%), m/e
61 (CH,S*=CH,, 100.0%).

16:0 (Palmitic acid); m/e 316 M*, 0.4%), m/e 301(M*—CH,, 1.8%), m/e 269(M+—SCH,,
0.3%), m/e 239(M*—OCH,SCH,, 80.5%), m/e 211(CisHa*, 0.5%), m/e 127 (CoH,o",

%), m/e 85(CeHia*, 33.3%), m/e 71(CsHy, ™, 49.1%), m/e 57(CH,, 81.2%), m/e
61 (CH,St=CH,, 100.0%).

17:1; m/e 328(M*, 0.29%), m/e 251 (M*—OCH,SCH,, 47.6%), m/e 223(CiHa*, 11.9%),
m/e 153(CyHy™, 11.9 %), m/e 139(CyHio*, 11.9%), m/e 125(CoHy*, 11.9%), m/e
97(C;Hys*, 13.1%), m/e 71(C:Hy™", 51.2%), m/e 57(C,Hy*, 57.1%), m/e 55(CH,*,
65.5%), m/e 43(CHs*, 85.7%), m/e 41(CsHs*, 27.4 %), m/e 61 (CH;S*=CH,, 100.0
%).

18:2 (Linoleic acid); m/e 340(M*, 0.5%), m/e 263(M*—OCH,SCH,, 10.4%), m/e 235(C,,
Hyt, 0.5%), m/e 221(CieHaet, 1.1%), m/e 137(CiHirt, 8.4%), m/je 235(Ci;Hyt,
0.5%), m/e 221(CieHae™, 1.1%), m/e 137(CiHis*, 8.4%), m/e 97(C;H,s*, 8.9%),
m/e 95(C;Hy,*, 43.7%), m/e 81(CcHet, 60.1%), m/e 41(C;H;s, 41.9%), m/e 61(CH;
S*=CH,, 100.0%)

20:1; m/e 371 (M*, 0.0%), m/e 294(M*—OCH,SCH,, 2.3%), m/e 265(CisHj", 0.2%), m/e
195(CraHyr*, 3.1%), m/e 153(CiiHy", 3.4%), m/e 125(CeHyrt, 7.1%), m/e 97(C;H,5™,
14.3%), m/e 83(CgHy*, 28.6%), m/e 57(CHy*, 36.5%), m/e 55(CH;*, 43.7%),
m/e 61 (CH,S*=CH,, 100.0%)
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