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A RAPID METHOD FOR PREPARATION OF FATTY ACID
METHYL ESTERS OF PALM OIL

SIEW WAI LIN*
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RINGKASAN

Satu kaedah mudah untuk penyediaan metil ester asid lemak dari miny'ak sawit /8. guineensis)
te lah di tentukan. Minyak yang terdapat d i  mesokap te lah di jadikan mct i l  ester  dengan secara terus
dengan menggunakan 2fi I!SO* - metanol atau -5li HCl-metanol (r,/v) di dalam oven bersuhu 80'C
masing-masing selama 1 atau 2r l2 jam. Kaedah in i  d idapat i  cepat .  tepat  dan boleh diu langi  prosesnva.

INTRODUCTION MATERIALS AND METHODS

Breeding programmes aimed at Sampling
changing the fatty acid composition of palm

Fresh fruit bunches of the Tenera
ol r  requrre screenrng a rarge numDer o l
samples. Conventional methods of preparing 

variety were chopped to remove the spikelets

the fatty acid methyl esters from oil fbr gas 
and samples were taken' A sample consisted

lrqulcr cnromarograpnrc (L'LL, analysls or 
of six spikelets selected randomly from the

rne composlrlon lnvolve several lengrny ano 
apical' middle and basal sections of the

reqlous proceoures ln whrch the oll has tlrst 
bunch (the bunch being arbitrari ly sub-

to be extracted hom the mesocarp before 
d iv idedinto3regions) '

esterif ication of the oi.. Method A

The extraction of the oil usually,
involves a samphng procedure of the fruits
from the bunch. steri l isation of the fruits.
chopping of the mesocarp, and solvent
extraction of the oil from the chopped
mesocarp.

Esterif ication of the extracted oil is
normally carried out using base-catalysed
reagents such as 0.5N sodium or potassium
methanofate, (Lttoov, et al., 1968) or acid
catalysed reagents such as sulphuric acid-
methanol (AOCS methods) and boron
trif luoride-methanol (MrrcnlrE et al..
re66).

The present paper evaluates the use of
a rapid esterification procedure for deter-
mining the fatty acid composition of palm oil
in which the use of sulphuric acid-methanol
and hydrochloric acid-methanol as reagents
for the direct esterif ication of the oil in the
mesocarp is examined. The method studied
avoids the lengthy process of steri l isation and
oil extraction. The method is rapid, accurate
and allows a large number of samples to be
analysed.

Method A involves the ertraction of oil
from the mesocarp of the fruits using
n-hexane followed bv esterif ication of the
o i l .

The fruits were steam-steril iscd for an
hou r  a t  lOps i  10 .7  kg l cm l  ) .  A l t e r  sep r ra r i ng
the mesocarp fiom the nuts of the steri l ised
fiuits, the oil was extracted using approri-
mately  600-800 ml  of  n-hexane in a food
blender. The hexane was removed under
vacuum using a rotary evaporator. Moisture
and fine residue from the extraction pro-
cedure was removed from the oil by centrifu-
gation. The purif ied oil was then dried under
vacuum in a rotary evaporator.

The extracted oil ma_v be esterif ied
using four reagents as indicated below:-

A1 a solut ion of  2n $ lv)  su lphur ic  ac id in
methanol, refluxing for 21/z hours, OR

A2 a solution of 2(ic (vlv) sulphuric acid in
methanol - benzene (3:l) as according
to AOCS method (2), refluxing for 21iz
hours.  OR
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,A.3 a solution of 5% (vlv) hydrochloric acid
in methanol, refluxing for 21/z hours,
OR

A4 a solution of 0.5N sodium methanoiate-
ref lux ing for  5 minutes.

Method B

The method does not involve the time
consuming procedure of oil extraction as
described in method A. The mesocarp from
unsteril ised fruits were chopped finely using
a food grinder and dried overnight at 103'C
in an oven. Direct esterif ication of the oil in
the mesocarp was conducted by adding to the
chopped mesocarp (100-200mg), the
following reagents in a screw cap
flask(25mI): -

81 a 10ml solution of 2c'( (ry'v) sulphuric
acid in methanol. heatins for 21/:
hours. OR

82 as against Bl above but heating for 1
hour. OR

83 a 10ml solution of ,5tZ (v/v) hydro-
chloric acid in methanol. heatins for
2Yz hours.

The flask was left in the oven at [J0'C.
The screw cap of the flask was lined with
neoprene to prevent any loss of solution
through evaporation. The methyl esters
formed were extracted with 20 ml petroleum
spirit (40' - 60'C), washed with disti l led
water (2x20ml) t i l l  neutral (tested with l itmus
paper) and fi l tered over anhydrous sodium
sulphate.

Gas - Liquid Chromatography

The methyl esters were separated iso-
thermally at 180'C in a glass column of 70./r
DEGS on 100-200 mesh Diatomite C. AW
using a Pye 104 instrument equipped with a
flame ionisation detector. Peak area
measurement was done using a DP 88 com-
puting integrator. Weight percenr of methyl
esters was done by area normalisation.

Operating Conditions

Column

Column
temperature

Carr ier  gas

Dete ct{.)r

Hydrogen gas

Atr

Sample size

10' .  DEGS on 100-200
mesh Diatomite C,  AW,
g lass  2m x  4mm i . d .

l g00  c

Ni t rogen at  4t )  ml /min.

Flame ionisat ion
detector ,200"C

40ml/min.

-500 ml/min.

0" 1 microlitre

RESULTS AND DISCUSSION

Table I outl ines the various steos and
the  t ime  taken  f ( ) r  each  s tep  i n  t he  samp lc
preparation of the two ntethods ieading tcr
the preparation of meth\ I esters tor GC--
analvs is .

In the case of  method A.  r 'ar ious
sample preparat ion steps are invc l lved in  the
extraction of oil from the mesocarp u,hile
method B involves oniv three sample pre-
paration steps - chopping the spikelets from
oil palm bunch, choppin_q the fruit mesocarp
of f  the spikelets samples.  and the drv ing of
chopped mesocarp. It is evident that the tinte
consuming and tedious par t  of  method A is  in
the o i l  ext ract ion which l imi ts  the number of
sarnples that  can be analvsed fc l r  fa t t l '  ac id
composi t ion.  Method B.  in  avoid ins the
tedious par ts  of  sarnple preparat ion in
method A.  enables the number of  samoles
p rep i r red  to  he  t r i p l ec l .  An  addcd  ad ran iage
is that the sample of dried mesocarp for
methvlat ion is  d i rect lv  avai lable f rom the
bunch analvsis usuallv carried out in oil palrr-r
breeding and thus one avoids doing double
work.

Use of Sulphuric Acid - Methanol (2'z) hrs)

The precision and accuracy of methclds
A  and  B  us ing  the  ra r i ous  r cagen ts  a re
examined from the fatty acid composition of
the sample analysed by gas- l iqu id chroma-

l2



TABLE 1: APPROXTI.{ATE TIME INVOLVED
ESTERIFICATION BETWEEN METIIOD A

IN THE FXTRACTION ANI)
AND B PER OPERATOR

Steps involved

in the niethod Metirod A Method B

I .  Chopping of  sp ikeiets
fiorn bunch and sampling

2. Steril isation and cooling

i. Renroval of nresocarp

4. Solvent Extrgction

5. Removal of solvent

6. Drying time

7  C o n + r i f n c a f i n n  f r r

remove impurit ies

8. Esterif ication
Total t ime taken

10 r l inutes

t  hour  30 rn ins.

10 Lninutes

30 rninutes

t hour

t  hour  (o i l )

10 minutes

l-

J l10urs.-
L

8  h o u r s t '

10 minutes

None

50 minutes ( inc ludes

chopping of fresh
mesocarp)

None

None

Overnighta (mesocarp)

None

1 - 3 hoursb
2 - .l l.roursb
(not  inc luding dry ing
t ime)

Y2

5

Optional .  I t  u 'as found f ront  exper i tnent  that  there was no s igni f icant  var iance betrveen fat t i  ac id
composi t ion ol  f resh mesocarp and dr ied mesocarp.  Overnight  dr :y in_g is  only necessar) ,  for  samples to
be stored.

The durat ion depends on the ester i f icat ion method selccted.

tography. (Table 2o), The fattv acid com-
position of the samples obtained by the three
procedures of esterif ication (A 1 . ,A2 and A:1)
of the extracted oil within method A are in
good agreement. A similar result is obtained
for B I of method B, the fattv acid composi-
tion of which is comparable to those deter-
mined by the procedures of method A.

The accuracy of each esterif ication
procedure in Method A and B and the
overall accuracy of the gas-liquid chromato-
graphy analysis have been determined
according to the method proposed by Hene
and MeRrm (1970). The fbllowing calcula-
tions were done on the data in Table 2a.

1) Normalize the results tiom allanalyses.

2) For each component fatty acid,
calculate the mean. deviation from the
mean,  and the standard deviat ion.

3)  Add the standard deviat ions for  each
component  fat tv  ac id to g ive a Value
similar to ar standard deviation of thc
tota l  sample.  Analys is  of  each acid is
dependent  on every other  ac id in  the o i l
and the errors are therefbre additir,e"
The sum of standard deviations
ind i ca tes  t he  m in imunr  accun rc \
expected lor  an analys is .

1) Calculate the total deviation of each
method by summing the deviation from
the mean of each fattv acid component
of  the sample.

,5) Grade each method by subtracting the
total deviation from 100. The value
obtained gives the accuracv of the
method.

The results calculated as describecl are
shown in Table 2b. The sum of the standard
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TABLE 2a:  COMPARISON
2% (vlv\ SULPHURIC

OF N,IETHODS A AND B USING A
ACID METHANOL SOLUTION

Method
Fatty Acids (%)a

C  1 6 : 0  C  1 8 : 0  C  1 8 : 1 C  1 8 : lC  1 4 : 0

b . 5

6.1

A t .

A2

Method A

Oil refluxed wtth 2%,
H2 SO+ Methanol  for
2% hours.

AOCS rnethod (Ce 2 -66)

oil refluxed with 2%
H2 SO4 -- Methanol/Benzene
Mixture (3:1)  for  271 hours.

Oil refluxed with 0.5 N
sodium methanolate soluticln
for 5 mins.

Method B

Mesocarp heated with 2%
H2 SO1 /Methanol for 2%
hours at  80oC.

1 . 1

1 . 1 4 ) _ ) 6.3 3 5 . 3 1  1 . 8

1 . 0 4 5 . 8 6 . 7 3 5 . 3 1 1 . 1

1 . 0 ,+5.5

45.4

3 5 . 4

3 5 . 5

1 r  . 1

t r .7

A4.

B 1 .

a N{ean of  5 courplete analysis.

deviations of each fatt,v acid component
measures the overall precision of the
methods employed in this study. When the
value is subtracted from 100. a measure of
the minimum accuracy to be achieved in an
analysis is obtained, which in this case is
99.2r,1. The accuracy grade of each pro-
cedure can be determined bv subtracting the
total deviation of the results of each esterif i-
cation procedure from 100. The results in
Table 2b. showed that except tbr procedure
B l  o f  me thod  B .  t he  m in imum accu rac r  i s
achieved and exceeded by all the other
esterif ication procedures.

A classification is arbitrari ly adopted
whereby esterif ication procedures which
yield a total deviation less or equal to the sum
of standard deviations of each fatty acid
component ,  are considered good.  Pro-
cedures which give a total deviation more
than, but not greater than twice the sum of
the standard deviations are satisfactory while
those wi th a tota l  deviat ion greater  than
twice the sur l  t ) f  s tandard deviat ions are con-

s idered poor.  Accordingl l ' ,  a l l  the ester i f ica-
tion procedures of method A give good
accuracv but procedure B I of rnethod B is
considered sat  is factorr  .

Use of 5% Hydrochloric Acid - Methanai ar
Esterification Reagent

The possib i l i ty  of  us ing a 5 '1 ( r / r ' )
hvdrochlor ic  ac id-methanol  so lut ion for
esterifying the oil in the mesocarp uas alscr
invest igated.  The resul ts  are compared to
methods A4 and A.3 in which the extracted
oil is ret-luxed with a solution of 0.5N sodium
methanolate and a 5 ' .2  (v /v)  so lut ion of
hydrochloric acid-methanol and method B I
in n'hich a solution of 2c'r (r/v) sulphuric
acid-methanol  is  used.  (Table,1u) .  fhe
accuracv of each esterif ication procedure is
s imi lar ly 'determined as descr ibed betbre and
the results shown in Tahle -lb. A greater
accllracv is achieved with the -5'; HCI
rnethanol  than 2 ' r  H,SO*-ntethanol .  The
lower accuracy obtained from the use ttf the
lat ter  reagent  c t tu ld perhaps be due to a
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TABLE 2b: ACCLTRACY OF METHODS A AND B USING A 2% (vlv)

SULPI{URIC ACID - METI{ANOL SOLUTION

Fatty Acid

Deviation liorn rnean

Method A Merhod U Mean s.d. C..V.(%)

A1 A2 ,{4 B 1

C  1 4 : 0

C  1 6 : 0

C  1 8 : 0

C  1 8 : 1

C  1 8 : 2

0 . 1  0 . 0  0 . 0  0 . 1  1 . 1  0 . 0 5  4 . 5

0 .1  0 .2  0 . r  0 .2  45 .6  0 .17  0 .4

0 . 0  0 . 1  0 . 2  0 . 2  6 . s  0 . 1 7  2 . 6

0 .0  0 .1  0 .1  0 .1  35 .4  0 .09  0 .3

0 . 1  0 . 1  0 . 2  0 . 4  1 1 . 6  0 . 2 7  1 . 3

Total  deviat ion 0.3 0.5 0.6 1 .0 0.75
from mean

Accuracy of 99.1 99.5 99.0
Procedure
(100  -  T .d )

Minimum Accuracy 99.2
of Analysis
( 1 0 0  -  s . d . )

TABLE 3a: COMPARISON OF METHODS A AND B USING 5%
HYDROCHORIC ACID - METFIANOL SOLUTION

Fatty Acids (%)d
M e t h o d s  c i 4 : o  c 1 6 : o  c 1 g : o  C r 8 : r  c r 8 : 2

Method A

43.  Oi l  ref luxed wi th 5% 1.0 40.0 4.1 45.1 9.1
HCL - Methanol for 2tz1 hours.

A4.  Oi l  ref luxed wi th 0.5N 0.8 39.5 1.4 45.9 9.5
sodium methanolate for
5 minutes.

Method B

83.  Mesocarp heated wi th 5% 0.8 40.0 4.1 45.8 9.2
HCl Methanol for 2Yz
hours at 80oC

B1. Mesocarp heated wi th 0.8 40.4 4.5 45.8 8.5
2% H2SO+ - Methanol for
2/z hours at 80"C.

a Mean of  5 ccmplete analysis.
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rABLE 3b:  ACCLIRACY OF METIIODS A AND B USi IJC A
.5-'2" HCI METHANOL SOLUTION

Deviat. ion frorl  mean

Fatty Acid N{ean s . d . cv.(%)Method A MethoJ B

B ]B3A4

C  1 4 : 0

C  1 6 : 0

C  i 8 : 0

C  1 8 : 1

C  1 8 : 2

0 . 9

1.0.0

4 .3

45.1

9 . 2

0 . 1 0

0.36

0.20

0.36

0 . 5  2

l 1 . l

0 .9

4 .1

0 .8

5 . 1

0 " 1

0.0

0 .2

0.6

0 .5

0 . 1

0 .5

0 . i

0 .2

0 .3

0 . 1

0 .0

0 . 2

0 . 1

0 .0

0 . 1

0.4

o .2

0 . 1

0 .7

Total deviation
from mean

0.41 . 2t . 4 1 . 5 l  54

Accuracv of
Procedure
(  100  T .d )

98 .6  98 .8 99.6 98.5

Minimunr Accuracl, 98.5
of Analysis
( 1 0 0 , -  s . d . )

partial decomposition of fatty acids. in parti-
cular of the unsaturated types. The results
obta ined by the use of  5cZ HCI-  methanol  on
the mesocarp (ts3) also showed a greater
accuracy than the convent ional  methods of
refluxing the extracted oil using a similar
solut ion or  0. -5N sodium methanolate.  In  a l l
cases however,  the min imum degree of
accuracy in anaiysis is achieved bv all the
esterif ication procedures. The accuracv of
each esterif ication procedure, is good
according to the arbitrarv classification
def ined.

Shorter Reaction Time for 2Vo \SOr-
Methanol

A study was also conducted to deter-
mine whether the accurac)' of method B I
could be enchanced by reducing the react ion

tirne from 21,,: hr:urs to I hour. 
-I 'he 

results
obtained are shown in Table 4a and th.

A comparisc'rn of the abor.'e procedure
of  t  hour  react ion t ime (82)  is  made wi th that
of  the same reagent  but  of  a 21. :  hours re-
ac t i on  t ime  (81 ) .  and  w i th  me thod  A  us ing
0.-5N sodium methanolate (A.1) .  I r  can be
observed trom Table 1b, that reducing the
react ion t ime,  enchances the degree of
accurac]. ' of the esterif ication procedure
inr ,o lv ing 2 ' ;  HlSO1 -  methanol .  In  addi t ion
the min imum degree of  accuracv is  again
a t ta ined  by  a l l .

Precision of Each Procedure

Thc precision of the direct esterif ica-
t ion procedures involv ing solut ions <- i  2 ' r
H- ,SC)a-methar to l  and -5 '1 HCI methanol
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TABLE 4a:  COMPARISON OF METHOD B OF DIFFERENT RF-ACTION
TIME USING 5% H2SO+ .. MT THANOL SOLUTION

Method 
Fattv Acids (12,)o

C  1 4 : 0  C  1 6 : 0  C  1 8 : 0  C  1 8 : 1  C  l 8 : l

Method A

A'4.  Ref lux o i l  wi th 0.5 N 0]  39.1 4.5 46.0 9. j
sodiurn n'rethanolate for
5 minutes.

Method B

82.  Mesocarp heated wi th 0.8 39.6 4.2 46.4 9.0
2% H2SO4 rnethanol
for  t  hour .  at  80"C.

B1" Mesocarp heated wi th 0.8 40.4 z l .S 45.g g. -5
2% H2SO+ - methanol
lor  2/z  hours.  at  80oC.

a --  Mean of  5 complete analysis

TABLE 4b:  ACCLTRACY OF METTTOD B OF DIFFERENT RIIACTION
TIME USING a 211 H2SOa METHANOL SOLLiTION

Fatty Acid

Deviation fror-u rnean

Method A Method B Mean s.d.  ( ' .V. {7)

A4 82 BI

C  1 4 : 0

C  1 6 : 0

C  1 8 : 0

C  1 8 : 1

C  1 8 : 2

0.1  0 .0  0 .0  0 .8  0 .0s  6 .3
0 .6  0 .1  0 .7  39  .7  0 .05  1  .6
0 . 1  0 . 2  0 . 1  1 . 4  0 . 1 1  3 . 9
0 .1  0 .3  0 .3  16 .1  0 .30  0 .1
0 .6  0 .1  0 .6  9 .1  0 .60  6 .6

Totai deviation
fiom mean

1 . 5  0 . 7  t . ] 1 , 1 1

Accuracy of  98.5 99.3 98.3
Proce dure
(  1 0 0  T . d )

Minirnu:n Accuracy 98.2
of Analysis
(  1 0 0  s . d . )
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has been determined and compared to those
obtained by AOCS method and the use of
0.5N sodium methanolate (Table 5 ).

The results indicate a coefficient of
variation (C.V) of less than 2ci tbr major
acids and a C.V of less than 5fZ for the minor
acid, which are well within the l imits of
accuracy of gas chromatographic anal,vsis as
reported by Kuxsrs (1972).

CONCLUSION

The present study has shown that palm
oil in the fruit mesocarp can be directlv
esterif ied by heating the mesocarp at 80'C

tor 21iz hours using either a solution of 24,
HrSO*-methanol  or  a 5c,L HCI-methanol .
The accuracy obtained by these methods
rarlges from satisfactory to good and com-
pares well with that obtained by convent-
ional methods of trans-esterif ication r-if
extracted oil. In the case of
H .SO* -me thano l .  g rea te r  accu rac \  i s
obtained if the reaction time is reduced to 1
hour to minimise partial dcomposition of
fatty acids. The proposed methods are rapid.
reproducible and accurate and shoulcl
provide a useful method tbr fatty acid com-
position in the breeding programmes of oil
palms of E. guineensis

TABI"E 5:  PRECISION OF ESTERIFICATION PROCEDURESA

Method
Statistical
paranlete r

Fattl '  Acid (%)
C  l 4 : 0  C  1 6 : 0  C  l 8 : 0  C  1 E : 1  C  1 8 : l

44. Oil reflux with 0.5 N

sodium methanoiate

for 5 minutes

s .d 0.08 0..10 0.22

1 . 1  4 5 . 3  6 . 4

1  .3  0 .9  3 .4

0.0E 0.  r  s
3 5 . 4  1 r " 9
0 . t  1 . 3CV(%)

A2. AOCS method s .d
-::-

X

CV(.'/()

o . 1 l

1 1  . 7

1 . 5

0.05 0.s3
1 . 1  4 5 . 4

4 . 5  1 . 2

0 . 2 1  0 . 3 8

6 . 4  3 5 . 5

1 . 13 . 3

82. Mesocarp heated

Mth  2 {  H2SO1

rnethanol for t hour

at  80 'C.

s .d
-:;-

cv(%\

0.04  0 .36

1 . 1  4 6 . 0

3 .6  0 .8

0 . 1 9

o . J

3 . 0

0.2s 0.22

3,5.0 1 1 .3
0 . t  1 . 9

B3. Mesocarp heated

with 5% HCl

rnethanoi for 2% hours

at  80"C.

s .d
-;-

0.05 0.49

I  .3  46 .3

3 . 8  1 . 1

0.3 r  0 .39
35.0 1 1 .9
0.9 3.3

0.22

5 . 5

4 .0cv(,Z )

a l )etennined f rom 5 cornplete analysis.

ABSTRACT

A simple method tbr  thc quant i tat ive preparat iorr  of  fat tv  acids mcthvl  esters f rorn palm oi l  1E.
guineen.s is)  is  detcrrr ined.  The oi l  in  the mesocarp is  d i rect lv  rnethvlatecl  using ei ther l ' ;  H.SO,
me thano l  o r . 5 t i  HC I  r ne tha l r o l  ( l i v ) a t t l 0 "C inanoven fb r  l o r l r :  hou rs respec l i ve l r ' . - l ' l r lme thodsu re
founcl  to be rapid.  i lccurate and reproducib le.
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