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ABSTRACT: Argentation column chromatography is a method used for separating similar
molecules such as fatty acids which have slightly different stereochemistry. In this study, silver
nitrate-impregnated silica gel was used as the adsorbent to isolate and purify Jatropha curcas oil
fatty acids mixtures. The effects of silica gel, silver nitrate, adsorbent quantity, and fatty acid quantity
on the purity and recovery percentage, as well as the ratio of linoleic acid to oleic acid, were investigated.
The results showed that at the optimal condition of purification, the purity of linoleic acid increased
from 38.4% to 78.7%. In the isolation process, linoleic acid adsorbed most strongly on the
AgNO3/SiO; adsorbent followed by oleic acid due to the greater number of the double bond and high

ability to form polar charge-transfer complexes.
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INTRODUCTION

Polyunsaturated fatty acids (PUFASs) are fatty acids
that contain more than one double bond. These fatty acids
such as linoleic acid (C18:2n-6), a-linolenic acid (C18:3n-
3), arachidonic acid (C20:4n-6), eicosapentaenoic acid
(C20:5n-3) and docosahexaenoic acids (C22:6n-3) are known
as essential fatty acids because the human body
are not able to synthesize these fatty acids and must obtain
them from dietary [1]. Moreover, PUFAs can be used
to introduce functional groups such as epoxides into its
double bond and also act as intermediates for a variety of
products; for example, paints, coatings, additives in lubricants,
and stabilizers in the polymer [2-5]. The production of
PUFAs from natural sources especially in fish oil and

plant oils still remained a topic of interest for their special
roles in nutritional and physiological [6]. Jatropha curcas
oil (JCO) is a non-edible and inexpensive natural source of
PUFA which contains high linoleic acid content
(C18:2n-6) [7].

The development of PUFAs, especially linoleic acid
purification methods has been the subject of intensive
research. Several purification methods have been proposed
including molecular distillation, enzymatic purification,
urea complexation, low-temperature solvent crystallization,
membrane filtration, supercritical fluid extraction, and solid
phase extraction [8-14]. Chromatography methods such as
High-Performance Liquid Chromatography (HPLC),
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Thin Layer Chromatography (TLC) and column
chromatography have long been known to separate fatty
acids from mixtures [15-19]. However, HPLC and TLC
are used in small-scale isolation.

Column chromatography using silver ion-impregnated
silica gel has gained wide acceptance and popularity due to
simple ways of separating lipids based on the degree
of unsaturation. This argentation column chromatography
method is based on the principle that unsaturated organic
molecules react reversibly with a transition metal such as
silver to form polar charge-transfer complexes. These
complexes are formed when the formation of a sigma bond
between the occupied 2p n electrons of the double bond
and the free 5s and 5p orbitals of the silver ion. A © bond
is formed by the overlap of the vacant antibonding 2p =«
electrons of the double bond and the occupied 4d orbitals
of the silver ion [20]. The strength of the complex is determined
by the accessibility of the electrons in the filled orbitals
and steric inhibition of the orbital [21].

The isolation of Jatropha curcas oil-based linoleic acid
has never been done especially by using argentation
column chromatography. Therefore, there is a need to
study the isolation of Jatropha curcas oil-based linoleic
acid. Nevertheless, y-linolenic acid (GLA,18:3w6) has
been purified from other seeds oil such as Anchusa azurea,
Scrophularia sciophila, and Echium fastuosum involving
simultaneous extraction and saponification of the seeds,
followed by urea fractionation, urea-concentrate methylation,
and argentated silica gel column chromatography.
The argentated silica gel chromatography has yielded high
purity y-linolenic acid for A. azurea and S. sciophila seeds
oil with yields of 73 and 64%, respectively. On the other
hand, in E. fastuosum seed oil the recovery for the

combined processes was 60%, with a final purity 86% [22].

Although argentation column chromatography has long
been known, it has not been used to purify fatty acid
mixtures in larger quantities. The present study involves
the development of a simple and easily adaptable method
for large quantity fatty acids purification via argentation
column chromatography without converting it to ester
form. The effects of various conditions in isolation of
linoleic acid derived from Jatropha curcas oil, by isolation
in argentation column chromatography, were also
investigated. These various conditions are the different
percentages of silver ions that are impregnated on the silica
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gel in the column chromatography, the amount of the
adsorbent, and the amount of loaded fatty acid mixtures.
In this work, we report the purity of linoleic acid, recovery
percentage, and the ratio of linoleic acid to oleic acid
in different conditions of argentation column chromatography.

EXPERIMENTAL SECTION

Materials. Jatropha Curcas seeds were collected from
the experimental plots of Universiti Kebangsaan Malaysia.
Silica gel (Aldrich, 200-400 mesh) and silver nitrate
(System) were used in this study. All other chemicals and
solvents were reagent grade and were used as received.

Preparation of FFA. Crude JCO was extracted from the
seed by Soxhlet extraction method with n-hexane as the solvent.
Free fatty acids (FFAs) were obtained by the hydrolysis of
crude JCO [23]. Crude JCO (25 g) and 150 mL potassium
hydroxide in 90% aqueous ethanol (1.5 N) were placed
in a two-necked round bottom flask. The mixture was heated
at 60°C and continued for 2 h. After heating, the reaction
mixture was placed in a separatory funnel and allowed to cool
to room temperature. Distilled water (100 mL) and aqueous
hydrochloric acid (6 N, 50 mL) were added to the reaction
mixture for the protonation of the carboxylate ion. Hexane
was added and used as the solvent for the FFAs from
the hydrolysis reaction. The lower layer in the separatory funnel
was removed and then washed with 2 x 50 mL of hexane.
All of the FFAs containing hexane solutions were collected
and washed out of the aqueous residue with distilled water.
The FFAs containing hexane solution was dried over anhydrous
sodium sulfate. After filtering by filter paper Whatman No.4, the
solvent was evaporated in a vacuum rotary evaporator at 40°C.

Preparation of argentation silica gel (AgNO3/SiOy).
The solution of AgNO3(1.04 -8 g) in deionized water (120
mL) was added to SiO; (200 — 400 mesh) (6 — 36 g) and
stirred at room temperature (30 °C) for 15 min. After that,
the silver nitrate-impregnated silica gel was activated
by 24 hours of heating at 120°C to furnish a free-flowing
white solid. This material was cooled and kept in the dark
in a desiccator until needed [24].

Isolation of fatty acids by argentation column
chromatography. The procedure was followed as reported
study with modification [25]. A glass column (50 cm x 3 cm)
was prepared and the exit of the chromatography column
was plugged with glass wool to retain solids. The slurry
of AgNO3/SIiO; in hexane was poured into the column
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that previously had been filled with some hexane. A slight
flow of hexane was allowed to avoid the air bubble trapped
in the packing. The hexane was dropped out until it was
1 cm above the stationary phase. A solution of fatty acids
(4 — 20 g) in 100 mL hexane was added on top of the
AgNO3/SiO; and the mixture was allowed to stand for
30 min. Then, the solution was filtered to give a hexane
solution. The remaining AgNO3/SiO; was washed
with 2 x 50 mL hexane and collected together with the former
hexane solution. After that, AQNO3/SiO; has washed again
with 4 x 50 mL diethyl ether to strip the PUFASs which were
bonded with silver ions in AgNOs/SiO,. After filtering
by filter paper Whatman No.5, hexane was evaporated
in a vacuum rotary evaporator at 40°C while diethyl ether
is at 30°C. All of the fractionations were carried out
at room temperature. The compositions of hexane and
diethyl ether fractions were analyzed using GC-FID. All
the experiments were repeated at least three times and
the average value was recorded.

Instrument. Gas chromatography with a flame
ionization detector (Shimadzu, 17A series) equipped with
column BPX 70 (30m x 0.25 mm x 0.25 pum film thickness;
SGE) was used to determine the composition of the fatty
acid mixtures. The injector was maintained at 280 °C.
Operating conditions were as follows: helium as the carrier
gas was at a flow rate of 1mL/min, injection volume 1 mL,
and a split ratio of 60:1. The oven temperature
was maintained at 120 °C and increased to 245 °C and hold
for 15 min at a rate of 3 °C per minute for 56.6 min of
analysis. Fatty acids were converted to fatty acid methyl
esters (FAMEs) according to PORIM Test Method
by esterification with methanol in the presence of
hydrochloric acid. A reagent mixture of 10 mL methanol
and 2.5 mL concentrated hydrochloric acid (37%) was used.
2 g of the fatty acid sample was placed in a small (50 mL)
two-neck round-bottom flask, equipped with a standard
taper joint (19/38) and short condenser. A 7.5 mL
methanol was added to 1.5 mL of the previous reagent
followed by 1.5 mL of toluene. The mixture was then
heated at 65 °C for 1.5 hours. The heated mixture was
subsequently transferred into a separatory funnel. 15 mL
of hexane and 10 mL of distilled water were added to the
mixture. The mixture was left to stand until two distinct
layers emerged. The upper layer was decanted and dried
using anhydrous sodium sulfate Na,SOs overnight.
The FAME was then injected into a gas chromatography.
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The FAME peaks were classified and quantified by
comparing their peak areas and retention times with
that of the pure standard FAME.

RESULTS AND DISCUSSION

JCO inthis study was containing Saturated Fatty Acids (SFA),
Mono Unsaturated Fatty Acids (MUFA), and Poly
Unsaturated Fatty Acids (PUFA). The major fatty acids
composition in JCO were oleic acid (C18:1n-9) 41.2% and
followed by linoleic acid (C18:2n-6) 38.4%, palmitic acid
(C16:0) 13.3%, stearic acid (C18:0) 6.5% and the minor fatty
acid was palmitoleic acid (C16:1) 0.6%. This minor fatty
acid sometimes was not able to detect in GC analysis
because the quantity was too little. The result was in agreement
with other studies regarding the Malaysia Jatropha curcas oil [26].

Argentation silica gel column chromatography is sorted
in adsorption chromatography. This study was used for
the isolation of linoleic acid from JCO. The stationary
phase is silver ion-impregnated silica gel (AgNO3/SiOy)
as an adsorbing surface while the moving phase is hexane
and diethyl ether. These two solvents were used in this
study due to their different polarity property. When the
solutes are polar and tightly adsorbed to a surface, it is
necessary to use a highly polar solvent to move them [17].
The more polar solvent in this study is diethyl ether. Furthermore,
the number, position, and geometric configuration of double bonds
determine the order of elution of unsaturated fatty acids [27].

When the mixtures of the JCO fatty acids were added
to the argentation column chromatography, polar charge-
transfer complexes were formed due to the interaction
between double bonds and silver ions. The unsaturated
compound acted as an electron donor while the silver ion
was an electron acceptor. The stability of the complexes
increased with an increasing number of double bonds,
cis double bond isomers were held more strongly than
trans isomers, and stability decreased with increasing chain
length. Therefore, complexes of linoleic acid were retained
on the AgNOs/SiO, more stable than oleic acid. Hexane
was used as the first solvent to dissolve SFA and some
oleic acid and moved out from the column. This
phenomenon is called elution. The second solvent
used as diethyl ether, which was more polar than hexane
and tended to compete with the solute (linoleic acid)
for adsorption sites and therefore moved them along.
Thus, this stripping step is called the displacement
phenomenon [17]. The extentand the strength of the complexation
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Table 1: Fatty acid composition (%) in the diethyl ether fraction from extractions of JCO fatty acids
with decreasing the amount of SiOz.

/ %AgNO3/SiO,? \
Fatty acids Feed 10% 20% 30% 40%
C16:0 13.3+£0.3 128+05 0 0 0
C16:1 06+0.1 0 0 0 0
C18:0 6.5+0.2 6.2+0.3 0 0 0
c18:1 41.2+0.6 433+0.6 336+05 220%06 21306
C18:2 384+08 37.7+09 66.4+1.0 780%1.0 787+15
C18:2/C18:1 ratio 0.9 0.9 2.0 35 3.7
Recovery (%) 100 84.5 50.6 27.2 15.2 j

24.0 g of AgNO; in each adsorbent with different amounts of SiO»,.

controls the mobility of the solute, and so does the polarity
of the mobile phase.

Effect of SiO, amount.

The first parameter examined was decreasing the
amount of SiO; in argentation column chromatography.
Four different compositions (10%, 20%, 30%, and 40%,
wt/wt) of AgNOs3/SiO, were prepared by adding the same
amount of AgNO; but decreasing the amount of SiO;.
The AgNOs/SiO2 adsorbents were prepared by adding 4 ¢
of AgNOs to 36 g of SiO, (10%), 16 g of SiO, (20%), 9.33 g
of SiO, (30%), and 6 g of SiO, (40%). Results of
the purification of 4g of fatty acids mixture was shown
in Table 1. For the 10% AgNOs/SiO adsorbent, almost
all the fatty acids were recovered in the diethyl ether
fraction. When only 10% of AgNOs; was impregnated
on the surface of SiO, the topology of the adsorbent had
a very high SiO surface area but low AgNO; surface
density. Therefore, 10% AgNOs/SiO,was sufficient to adsorb
all fatty acids due to its larger surface area compared to 40%
AgNO3/SiO.. This is because the larger surface was attributed
to the quantity of SiO, which is a polar adsorbent. These
adsorbents adsorbed polar solutes more tightly than less polar
solutes [17]. Fatty acids contained a polar COOH group and
atendency to adsorb on the SiO,. This phenomenon prompted
that SiO, itself did not affect a significant fractionation
of the fatty acid mixture. The result was in agreement
with the effect of SiO; in the fractionation of methyl coyote
by argentation column chromatography.

Table 1 indicated that the isolation process started
from 20% AgNOs/SiO, due to higher AgNO; surface
density in 20% AgNO3/SiO, as compared with 10%
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AgNO3/SiO, adsorbent. Certainly, more polar charge-
transfer complexes were formed in 20% AgNO3/SiO,.
Furthermore, linoleic acid with two double bonds was held
stronger than other fatty acids. When 20%, 30%, and 40%
AgNO3/SiO, were used as adsorbents, all of the SFA such
as palmitic acid and stearic acid were removed in the
hexane fraction. Although palmitoleic acid had one double
bond, it was also removed due to its shorter chain length
compared to oleic acid and linoleic acid.

The effects of SiO, amount on the purity of linoleic acid,
recovery percentage, and the ratio of linoleic acid to oleic acid
were shown in Fig. 1. Ata fixed amount of AgNQs, the linoleic
acid purity increased tremendously with decreasing SiO»
amounts until 30% of AgNO4/SiO, while the corresponding
recovery percentage was also decreased tremendously until 40%
of AgNO4/SiO.. For example, the composition of linoleic acid
could be increased from 37.7+ 0.9% to 10% AgNO3/SiO;
to 78.7+ 1.5% in 40% AgNO4/SiO; with the recovery of 84.5%
to 15.2%. In terms of selectivity, a high ratio of C18:2 to C18:1
represented the higher selectivity of linoleic acid as compared
with oleic acid in the argentation column chromatography.
Linoleic acid showed the highest selectivity in this series
of experiments-with a value of 3.7. As in Fig. 1, the
selectivity of linoleic acid increased tremendously from
10% to 30% AgNO3/SiO; but no significant change from
30% to 40% AgNO3/SiO,. When higher the percentage
of AgNO3/SiO, was used, the amount of SiO, was lesser.
The surface density of AgNOs on SiO, was increased until
the SiO; surface was completely covered and may be plugged
by more than one layer of AgNO;3 (Ghebreyessus et al. 2006).
Therefore, the complexes were only formed with the upper
layer of silver ions regardless of the percentage of AgNO3/SiO».
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K %AgNO3/SiO;? \
Fatty acids Feed 10% 20% 30% 40%
C16:0 13.3+0.3 23+01 0 0 0
C16:1 06+0.1 0 0 0 0
C18:0 6.5+0.2 11+01 0 0 0
c18:1 41.2+0.6 304+0.6 21.4+0.6 220%05 25.1+0.5
C18:2 384+08 66.2+14 786+1.3 78014 749+13
C18:2/C18:1 ratio 0.9 2.2 3.7 35 3.0
Recovery (%) 100 23.0 20.8 27.2 25.8 j

29.33 g of SiO; in each adsorbent with different amounts of AGNOs.
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Fig. 1: The effect of SiO2 amount on the purity of linoleic acid,
recovery percentage, and the ratio of linoleic acid to oleic acid
(AgNO3 =4.0gand FFA =4.0 g).

Fig. 1 indicated that a lower amount of SiO, with a constant
amount of AgNOs; was preferred for the isolation of
linoleic acid in argentation column chromatography.
Effect of AQNO3z amount. In this series of experiments,
extractions were performed with AgNO3/SiO, containing
the same amount of SiO; but increasing the amount of AGNO3
from 10% to 40%. Fatty acids compositions in the diethyl
ether fractions were shown in Table 2. When 10%
AgNO4/SiO, was used, almost all the fatty acids were extracted
in the diethyl ether fraction with the percentage of linoleic
acid being the highest among all fatty acids in this
extraction. Linoleic acid has a high ability to form stronger
reversible interactions with Ag* ions because the greater
the number of double bonds, the stronger complexation
will form (Li et al. 2009). The fatty acid compositions for
both 10% AgNOQs3/SiO; in Tables 1 and 2 were different
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due to the different amounts of adsorbent (AgNO3/SiO,)
used. In Table 1, the total amount of 10% AgNO3/SiO; was
40 g but only 10.34 g in Table 2. Thus, the surface area
of SiO; for 10% AgNO3/SiO in Table 1 was higher than
in Table 2. Therefore, more fatty acids remained in the
adsorbent. It is worth noting that when the fatty acids mixtures
were extracted by 20%, 30%, and 40% AgNOs/SIO, adsorbents,
palmitic acid, palmitoleic acid, and stearic acid were completely
separated from the fatty acid mixtures. However, some oleic
acid was still retained on the adsorbent because the double bond
in the oleic acid was competing with linoleic acid.

The effect of AQNO3; amount on the purity of linoleic
acid, recovery percentage, and the ratio of linoleic acid
to oleic acid was shown in Fig. 2. At a fixed amount of SiO-
at 9.33 g, the highest purity of linoleic acid was the
extraction from 20% AgNO3/SiO,. The purity increased
gradually from 10% AgNO3/SiO; to 20% AgNO3/SiO;.
As seen in Fig. 2, there was no significant change from 20%
to 30% AgNO3/SiO; in the purity of linoleic acid, however,
it started to decrease gradually from 30% to 40%
AgNOs/SiO,. The highest recovery percentage of linoleic
acid was 27.2%. All recovery percentages were very low
in this series of experiments due to the small total amount
of adsorbent (AgNO3/SiO;). In terms of linoleic acid
selectivity, the highest ratio showed at 20% of
AgNOs/SiO;, and decreased gradually afterward because
the surface density of AgNO3; was saturated on SiO; and
affected the formation of polar charge-transfer complexes.
Fig. 2 indicated that the amount of AgNO;s; on SiO;
was depending on the total amount of adsorbent for
the purification of linoleic acid in argentation column
chromatography.
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Table 3: Fatty acid composition (%) in the diethyl ether fraction from extractions of JCO fatty acids

with an increasing amount of 20% AgNO3/SiO2 .

/ Mass of 20% AgNO3/SiO2 (AgNO3 + Si02)? \
Fatty acids Feed
109 13.33 g 20g
C16:0 13.3+0.3 0 0 0
C16:1 0.6+0.1 0 0 0
C18:0 6.5+0.2 0 0 0
c18:1 41.2+0.6 250+05 242+05 33.6+08
C18:2 384+08 75.0+13 758+1.2 66414
C18:2/C18:1 ratio 0.9 3.0 31 2.0
K Recovery (%) 100 22.8 37.0 50.6 /

24 g of fatty acids mixture was used in each quantity of adsorbent.
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Fig. 2: The effect of AgNOs amount on the purity of linoleic acid,
recovery percentage, and the ratio of linoleic acid to oleic acid
(Si02=9.33gand FFA =4.0 g).

Effect of adsorbent quantity

Three batches of experiments with different quantities
(10 g, 13.33 g, and 20 g) of the adsorbent (20%
AgNO3/SiO,) were used to extract 4 g of JCO fatty acids
mixture in 100 mL of hexane (Table 3). The percentage
of linoleic acid increased as the total amount of adsorbent
decreased due to the smaller surface area of SiO,. There
was no significant change for 10 g and 13.33 g adsorbents.
SFA and palmitoleic acid were completely separated from

the mixture of the fatty acid. When the total amount of 20%

AgNO3/SiO; adsorbent increased from 10 g to 20 g, silver
ion and SiO; also increased in the same ratio. The surface density
of AgNO; on the 20% adsorbent was the same for three batches of
the experiment, but the surface area of SiO, increased
as the total amount of adsorbent increased. Consequently,
more oleic acid was adsorbed on the 20 g 20% AgNOQO3/SiOs.
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The effect of adsorbent quantity on the purity of
linoleic acid, recovery percentage, and the ratio of
linoleic acid to oleic acid was shown in Fig. 3. The purity
of linoleic acid decreased as the total amount of
adsorbent increased while the corresponding recovery
percentage in diethyl ether fraction increased from 22.8%
to 50.6%. Although the recovery percentage was
the highest, the ratio of linoleic acid to oleic acid was
only 1.9 which was the lowest among the tests. This is
due to the amounts of the adsorbent used having reached
the optimal condition and no further increase in
separation. Fig. 3 indicated that a lower total amount
of adsorbent showed better isolation results than linoleic acid
in argentation column chromatography.

Effect of JCO fatty acid concentration

Extractions of linoleic acid were conducted with 4 g,
10 g, and 20 g of JCO fatty acids mixture respectively
in 100 mL hexane (Table 4). The standard AgNOs/SiO,
adsorbent used in this experiment was 20% AgNO3/SiO;
with 4 g of AgNO3 on 16 g of SiO,. It was found that
the amount of linoleic acid adsorbed on the AgNO3/SiO»
increased as the concentration of the fatty acid mixture
increased. Table 4 indicated that linoleic and some oleic
acids were separated from SFA and palmitoleic acid
for more concentrated fatty acid mixtures.

The purity of linoleic acid was increased as the amounts
of fatty acids increased (Fig. 4). the same percentage of
AgNOs/SiO; adsorbents provided the same surface density
of AgNOs on SiO;. In this circumstance, silver ions were fixed
in each of the experiments and could interact with linoleic
acid as much as possible. Moreover, linoleic acid
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Table 4: Fatty acid composition (%) in the diethyl ether fraction from extractions of JCO fatty acids
in different amount of fatty acids.

/ Fatty acids used in 100 mL hexane® \
Fatty acids Feed
49 109 209
C16:0 13.3+0.3 0 0 0
C16:1 06+0.1 0 0 0
C18:0 6.5+0.2 0 0 0
Cc18:1 41.2+0.6 33.6+0.8 245+0.8 24.7+09
C18:2 384+0.8 66.4+1.3 755+15 753+14
C18:2/C18:1 ratio 0.9 2.0 31 3.0
Recovery (%) 100 50.6 19.4 10.3 /

220 g of 20% AgNO4/SiO, was used in each quantity of fatty acids mixture.
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0 bt o .o e 0.0

10 12 14 16 18 20
Mass of 20% AgNQO; / SiO,

Fig. 3: The effect of adsorbent quantity on the purity of linoleic
acid, recovery percentage, and the ratio of linoleic acid to oleic
acid (20% of AgNOs/SiO2 and 4 g of FFA).

could replace less unsaturated fatty acids (oleic acid) that
have already coordinated with Ag*ions. Therefore, it was enhancing
the isolation of linoleic acid. In Fig. 4, the purity of linoleic
acid did not show significant changes for 10 g and 20 g.
Furthermore, the ratio of linoleic acid to oleic acid also
increased as the amount of fatty acids mixture increased.
For example, the linoleic acid selectivity increased from 1.8
with 4 g of fatty acids mixture to 3 with 20 g of fatty acids
mixture used. However, the recovery percentage of linoleic
acid decreased from 50.6% to 10.3% as the amount of fatty
acids mixture increased. It is suggested that the fatty acids
retained on the adsorbent and not stripped off from it were
due to the large amounts of fatty acids adsorbed on AgNO3/SiO».

CONCLUSIONS

The argentation column chromatography method
was shown as a suitable method for separating PUFA
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Fig. 4: The effect of fatty acids quantity on the purity of linoleic
acid, recovery percentage, and the ratio of linoleic acid to oleic acid.
20% of AgNOs/SiO2 = 20 g.

especially linoleic acid from saturated fatty acids.
At the optimal conditions of purification, the purity of
linoleic acid can be increased up to 78.7 + 1.3%, and
reduced oleic acid down to 21.4 + 0.6%. However, this
method was not significant for separating mono- and
unsaturated fatty acids completely with the same number
of carbon atoms as oleic acid and linoleic acid.
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