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Article info: Abstract: This study aimed to separate the synthesized
alkyldiethanolamide from kernel oil Calophyllum inophyllum (Local name:
Nyamplung) using High-Performance Liquid Chromatography (HPLC).
HPLC column utilized was SGE ODS-2 reverse phase and UV detector
213 nm. The variables to obtain the optimum conditions for separating
alkyldiethanolamide were mobile phase and flow rate. The mobile phase
composition and the optimum separation flow rate obtained acetonitrile:
Available online 17/04/2022 water (90:10) and 1.5 mL/minute, respectively. The percentage
compositions of amide fatty acids that had been successfully synthesized
based on HPLC were linoleoyl diethanolamide (46-49%), oleoyl
diethanolamide (27-29%), palmitoyl diethanolamide (11-14%), and
stearoyl diethanolamide (9-11%).
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INTRODUCTION

The acid amide group has many uses. One of
the essential functions of this compound is a
surfactant because it has two active groups,
namely polar and nonpolar. The surfactant
property of this compound makes it widely
applied in various industries such as
lubricants, cosmetics, detergents,
antimicrobials, shapoos, corrosion inhibitors,
and various other types of industry [1-2].

This study used the kernel oil of
Calophyllum inophyllum fruit as the raw
material. The kernel oil of this fruit has the
potential to be developed as a raw material for
the synthesis of alkyldietanolamide because it
is a non-edible oil and easy to obtain.
Calophyllum inophyllum seeds contain a very
high oil content, namely 66-70% [3-4]. The
composition of fatty acids in Calophyllum
inophyllum oil consists of oleic acid (56-48%),
linoleic acid (21-25%), palmitic acid (15-16%),
and stearic acid (12-13%) [4-5].

The synthesis of alkyldiethanolamide
can be carried out industrially by reacting fatty

Acta Chimica Asiana is licensed under a Creative Commons

Attribution-Non Commercial 4.0 International License

acids, fatty acid methyl esters, or oils with
alkanolamides using a chemical catalyst and a
lipase enzyme catalyst [6-7].

The synthesis of alkyldiethanolamide
with lipase as a biocatalyst has been
developed. This method is very
environmentally friendly because it requires
lower temperatures and pressures than
chemical catalysts [8-10].

Alkyldiethanolamide, having been
successfully synthesized, is still composed of
amide fatty acids components that have not
been separated, so it is necessary to separate
them. The separation of alkyldiethanolamide
from its constituent amide fatty acids can be
undertaken by using the High-Performance
Liquid Chromatography [11]. The natures of
alkyldiethanolamide compounds, which are
low in volatility, non-reactive and stable, allow
them to be very well separated by the High-
Performance Liquid Chromatography [12-13].
This study aimed to separate the
alkyldiethanolamide using the optimum
variable conditions for the High-Performance
Liquid Chromatography separation.
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MATERIALS AND METHODS

The equipment in this research were:
glassware in the laboratory, shocks, reflux,
magnetic stirrer, column chromatography, filter
paper, Whatmann filter paper, hot plate, pH
meter, desiccator, Buchner, vacuum, rotary
evaporator, chamber, horizontal shaker water
bath, FT-IR spectrophotometer and a set of
the High-Performance Liquid Chromatography
(Shimadzu LC-10 ATVP).

The materials were the kernel of
Calophyllum inophyllum  fruit, anhydrous
Na2S04, chloroform (CHCI3), diethanolamide,
Lipozymes TL IM (Novozymes LA330045), n-
hexane, methanol, DCM (CH2CI2), silica gel,
Na2S203, KOH in ethanol 0.5N, ethanol 95%,
TLC plate, diethyl ether, standard fatty acids,
phenolphthalein indicators, acetonitrile
(C2H3N) and distilled water.

Alkildiethanolamide from the kernel oil of
Calophyllum inophyllum fruit was synthesized
based on the previous research method
conducted by Suhendra et al. [6]. It was
synthesized by reacting 10 g of triglycerides
from Cinophyllum fruit core oil, 100 mL n-
hexane, 50 mmol of diethanolamide, and then
adding 7.5% commercial lipase enzymes
(lipozymes). The mixture was incubated in a
horizontal water bath shaker at a speed of 150
rpm at 40° C for 2 hours. Alkyldiethanolamide
formed was separated from the water and
enzyme layer using a separating funnel. The
n-hexane (alkyldiethanolamide) phase was
then cooled in the freezer (<-5) for 24 hours
and filtered. The amount of
alkyldiethanolamide formed was calculated by
the gravimetric method.

The characterization of
alkyldiethanolamide was done by several
methods. Preliminary analysis was performed
using Thin Layer Chromatography (TLC). The
eluent was a mixture of methanol: chloroform

(90:10 v/v) solvent [14-15]. The
characterization of alkyldietanolamide
functional groups used an FT-IR

spectrophotometer from Perkin Elmer Model
Frontier (USA).

Separation of Fatty Amide Acids

The separation of amide fatty acids was
performed under optimum conditions of the
High-Performance Liquid Chromatography
(HPLC). The High-Performance Liquid
Chromatography column was SGE ODS-2
reversed-phase C-18 column and 213 nm UV
detector. The sample concentration was made
5000 ppm, and the injection volume was 20
pL. The variables to obtain the optimum
conditions for separating alkyldiethanolamide
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were mobile phase and flow rate. The mobile
phase was a mixture of acetonitrile: water
solvent with a variation of the ratio of 85:15
vlv, 90:10 v/v, and 95: 5 v/v, while the variation
of the flow rate was 0.5 ml/minute, 1.0
mL/minute, and 1.5 mL/minute. Fatty acids in
alkyldiethanolamide successfully synthesized
were identified by comparing the standard
retention time to the retention time of the
sample. The percentage of amide fatty acids
was calculated based on the area of each
peak on the chromatogram.

RESULTS AND DISCUSSION

Alkyldiethanolamide was synthesized
by reacting Calophyllum inophyllum fruit core
oil  (triglycerides) and  diethanolamide
enzymatically. According to the optimum
conditions of the previous research by
Suhendra et al. [6]. Alkyldiethanolamide, which
had been successfully synthesized, came in
two forms: the solid form of 1.36 g and the
liquid form of 2.66 g. if converted into % yield,
the resulting alkyldiethanolamide was 40.20%.
This result was not much different from the
results obtained by Suhendra et al. [6] of 44%.

Characterization of Alkyldietanolamide

A preliminary qualitative analysis of
alkyldiethanolamide was performed by TLC
with chlorophome: methanol (90:10 v/v) as
eluent. The analysis results showed that there
were three spots of compounds resulting from
the synthesis of alkyldiethanolamide with Rf
values of 0.857; 0.750; and 0.550,
respectively.

FTIR analysis results (Figure 1) were
a spectrum of Calophyllum inophyllum oil (a)
and a spectrum of alkyldiethanolamide (b).
The most fundamental difference between the
two spectra could be seen in the vibration
absorption of C=0 at wavenumbers 1747.89
cm-1 and 1637.66 cm-1, respectively. The
success of the synthesis of
alkyldiethanolamide was indicated by the O-H
strain vibration absorption at wavenumbers
3434.21 cm-1 indicating the presence of the
O-H functional group. Alkyldietanolamide had
N-tertiary uptaken, so no peaks appeared on
the spectrum. The absorption of amide
compounds formed was supported by the
appearance of C-N vibration absorption shown
at the wavenumbers 1379.33 cm-1 [6] and
[16,17].
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Figure 1. FTIR spectrum of nyamplung oil and
alkyldiethanolamide

Table 1. Optimum conditions for High-
Performance Liquid Chromatography

SGE C-18 ODS 2 (250 mm, ID

stationary phase
4 mm, Frit 4/m pm)

Mobile phase Acetonitrile mixture:  water
(90:10 viv)

Flow rate 1.5 mL/minute

Injection Volume 20 pL (0.05 mg in10 mL
Asetonitril)

Detector UV 213 nm

The High-Performance Liquid Chromatography
separated Alkyldiethanolamide samples based
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on the Optimum conditions in the Table 1. The
optimum conditions for separation for the
variable mobile phase and flow rate were
determined quantitatively based on the
resolution value (Rs). Resolution value 1.5 for
separation for the variable mobile phase and
flow rate were determined quantitatively based
on the resolution value (Rs). Resolution value
21.5 showed that the two chromatograms were
well separated. Based on the resolution value
obtained, the optimum conditions for
separating alkyldiethanolamide were in the
mobile phase composition of acetonitrile: water
90:10 v/v and a flow rate of 1.5 ml/minute
(Figure 2). Identification of the components of
alkyldiethanolamide was carried out by
comparing the retention time of the sample to
the standard alkyldiethanolamide synthesized
from pure fatty acids.

From the chromatograms that had

been compared to each standard, the
composition of alkyldiethanolamide from 1 to 4
peaks was obtained, namely linoleoyl
diethanolamide (46-49%), oleoyl
diethanolamide (27-29%), palmitoyl
diethanolamide  (11-14%), and stearoyl
diethanolamide (9-11%). The order of

compounds was eluted based on the level of
polarity.
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Figure 2. Chromatograms optimum conditions (a) and standard (b) of the separation of alkyldiethanolamide
(acetonitrile: water 90:10 v /v and a flow rate of 1.5 ml/min)

Table 2. Optimum conditions for High-Performance Liquid Chromatography

Peak RT Sample RT Standard Remarks %
1 1.464 1.524 Linoleoyldiethanolamide 47.88
2 2.625 2.678 Oleoyldiethanolamide 28.65
3 3.398 3.445 Palmitoyldiethanolamide 12.83
4 3.716 3.752 Stearoyldiethanolamide 10.63
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The nonpolar octadecylsilane (ODS or C18)
stationary phase would bind more strongly to
the nonpolar amide fatty acids. After synthesis,
the composition order of linoleic fatty acids
differed from those of oleic fatty acids. It was
because linoleic acid was classified as a cis
unsaturated fatty acid which was less stable,
SO0 it experienced more breakdown by
enzymes.
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CONCLUSION

The optimum conditions for separating
alkyldiethanolamide based on the kernel oil of
Calophyllum inophyllum fruit were in the
acetonitrile: water 90:10 v / v mobile phase
with a flow rate of 1.5 ml/minute. The
percentage of amides' composition
successfully synthesized was calculated based
on the results of the High-Performance Liquid
Chromatography analysis, namely linoleoyl

diethanolamide (46-49%), oleoyl
diethanolamide (27-29%), palmitoyl
diethanolamide (11-14%), and stearoyl

diethanolamide (9- 11%).
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