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Esterification of fatty acids and transesterification of fats and oils

Tatsuya HIROSE , Takashi HISHIKI , Takenori HIRAI and Kazuro IWAMOTO
Osaka Customs Laboratory
4-10-3, Chikko, Minato-ku, Osaka-shi, Osaka 552-0021, Japan

Gas chromatography is a simple and quick method for determination of fatty acid methylesters. Fats and oils
are converted into fatty acid methylesters by transesterification using ester exchange reagents for
glycerides;1.3~1.6mol/l solution of phenyltrimethylammonium hydroxide (PTAH) in methanol, 5% solution of
m-trifluoromethylphenyltrimethylammonium hydroxide (m-TFPTAH) in methanol or 0.2 mol/l solution of
trimethylsulfonium hydroxide (TMSH) in methanol. These are used as on-column methylesterification reagents for
fatty acids. In this paper, some results of the transesterification and the on-column methylesterification with these
reagents are compared.
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PTAH

0.2ml

T’ RCOO~TMS*
H,O

PTAH = PTA"
m—TFPTAH GCinject @ M—TFPTA*
(ACID) (BASE) (SALT)
ON—COLUMN
METHYLESTERIFICATION 1
FRAGMENT METHYLESTER
(CHz),N (CHj),N RCOOCH,

(CHy) ,S @ @\
CF,

from TMSH

from PTAH

from m—TFPTAH

Scheme 1  On-column methylesterification process of fatty acids
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Fig.1 Gas chromatogrums of methylesters with reagent
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Table 1 Analytical data of on-column methylesterification at fatty acids

(residue)

reagent 0. 1m]l 0. 2m]1 0. 4m] e
Tloaetion 0| 30|60 o]30|l60|] o]30[60
Cc14 25.6] 25.4] 25.7| 29.3| 29.6| 29.8| 29.3| 29.3| 28.7| 29.6
yoléester
C16 59.31 59.4| 59.5| 56.6| 56.7| 56.6| 55.7| 55.8| 55.8| 55.9
methyokester
C18:1 15.1] 15.2| 14.8| 14.1| 13.7| 13.6| 15.0| 14.9( 15.5| 14.5
methylester
%
acid value about half no residue

Cl14 28.8] 29.6
methyujoester
C.16 58.9| 59.3| 59.2| 56.8| 56.6| 56.8] 56.7| 56.2| 55.9| 55.9
methy'%)ester
C18:1 13.8]1 13.9] 13.7] 14.0]| 14.1] 14.4| 14.3| 15.5| 15.3| 14.5
methy%escer
acid value about half no residue
(residue)
0.2ml m TFPTAH m TFPTAH Table 2 PTAH
Table 3 TMSH Table 4
m TFPTAH
10mg/0.5ml
m TFPTAH 0.2ml 30 GC
Table 2 Analytical data of transesterification with m-TFPTAH at triglyceride
reagent 0. I1ml 0. 2ml 0. 4ml
value
reaction 0 30 60 0 30 60 0 30 60
time
(min)
c18 : O dentuetct
m“hyol/oe““ 42.6 40.3 41.1 38.6 38.5 37.3 37.6 38.8
C]-8 : 1 dentoetct
me””’o/le“ ter 57.4 59.7 58.9 61.4 61.5 62.7 62. 4 61.2
triglyceride many many hal half little little little little little
value
(residue)
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Table 3 Analytical data of transesterification with PTAH at triglyceride

reagent 0. 05m 0. Iml 0. 2ml
value
reaction 0 30 6 0 0 30 6 0 0 30 6 0
time
(min)
C18:0 r
methylester 38.2 38.0 36.6 38.2 37.7 37.9 37.3 39.9 39.0
C18:1 _
methylester 61.8 62.0 63.4 61.8 62.3 62. 1 62.7 60. 1 61.0
K%}
triglyceride half little Tittie little
(r‘e]:li:texe)
Table 4 Analytical data of transesterification with TMSH at triglyceride
reagent 0. O0bmll 0. 1ml 0. 2m1l
value
reaction 0 30 6 0 0 30 60 0 30 60
time
(min)
C18:0 38.3| 40.2| 39.8| 37.9| 40.0] 40.1| 38.0} 39.4} 37.8
methylester
%
Cl8:1 61.7] 59.8| 60.2| 62.1} 60.0] 59.9| 62.0f{ 60.6] 62.2
methylester
%
triglyvceceride Tittle little little
\'r:zijfxe‘/
10mg/0.5ml
PTAH TMSH
0.2ml 0.2ml m TFPTAH
30
PTAH 0.2ml
0.05ml PTAH TMSH 0 30
0.1ml GC m TFPTAH
GC 30 60
0.2ml 2 GC
0 Table 5
TMSH PTAH Table 6 Table 7
m TFPTAH
PTAH 60
0.05ml 0 m TFPTAH 30
0

PTAH TMSH

30

30
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Table 5 Analytical data of transesterification with m-TFPTAH, PTAH, TMSH at soybean oil

19

reagent m—TFPTAH PTAH TMSH
triemaec (tmiionn) 30 60 0 30 0 30
Cc16: 0 10.9 11.0 10.6 10.6 11.0 10.6
methy%ester .
Cc18: 0 4.2 4.0 4.1 4.1 4.0 4.1
msthyg;cester
c18:1 22.5 22.4 23.0 23.0 22.7 22.9
methy]vester
%
Cc18: 2 54.4 54.6 54.5 54.6 54.5 54.6
msthyoicester
Cc18: 3 8.0 8.0 7.8 7.7 7.8 7.8
merhyol‘/oester
triglyceride many half ITittile little
(residue
Table 6 Analytical data of transesterification with m-TFPTAH, PTAH, TMSH at rape seed oil
reagent m—TFPTAH PTAH TMSH
tfiemaec (tmiionn) 30 6 0 0 30 0 30
C1l6: 0 4.7 4.8 4.7 4.7 4.5 4.6
methyc}oester
Ccl1l8: 0 1.9 1.8 1.8 1.7 1.6 1.8
me’r.hy;/oesr.er
C18: 1 57.8 57.7 58.4 58.4 58.2 58.0
methyo‘;}ester
Ccl18: 2 24.1 24.3 24.1 24.2 24.3 24.3
methyo;oaszer
C18: 3 9.8 10.0 9.6 9.5 10.0 9.7
methyt;oestsr
c22:1 1.7 1.4 1.4 1.5 1.4 1.6
msthy%ester
triglyceride many many Tittle Tittle
(cetidue




20

Table 7 Analvtical data of transesterification with m-TFPTAH. PTAH. TMSH at pia (adeos suillus) oil

reagent m—TFPTAH PTAH TMSH
reaction 30 6 0 0 30 0 30
time {min)
Cc16: 0 4.7 4.8 4.7 4.7 4.5 4.6
methylester
%
Cc18:0 1.9 1.8 1.8 1.7 1.6 1.8
methylester
%
c18:1 57.8 57.7 58.4 58.4 58.2 58.0
methylester
0/0
C18: 2 24.1 24.3 24.1 24.2 24.3 24.3
metnyol/uester
Cc18:3 9.8 10.0 9.6 9.5 10.0 9.7
methyl{aster
c22:1 1.7 1.4 1.4 1.5 1.4 1.6
methy%ester
triglyceride many many little Tittle
(r:i:‘;ie)
Cio
PTAH TMSH 0.2ml
0 PTAH 0.2ml 0
Cuo
Ci Cu
m TFPTAH PTAH TMSH 3 TMSH 0.2ml 0
10mg/0.5ml TMSH
m TFPTAH
, 19,337 1970
,24,59 1975
, 26,236 1977
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