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ABSTRACT

	 Fatty hydroxamic acids (FHA) have been successfully synthesized from Terminalia catappa L. 
(local name: ketapang) kernel oil by a one-step lipase catalyzed reaction. The use of immobilized 
lipase as a catalyst to synthesize FHA has several advantages such as a simple purification of 
product and environmentally friendly. In addition, it also allows the reaction to be carried out under 
mild conditions, which reduces the reaction’s side products. The optimal reaction condition obtains 
were 40°C temperature reaction for 25 h with the ratio of ketapang seeds oil (g) : hydroxilamin 
(mmol) is 1 : 2.861 mmol and the ratio of lipase enzyme (g) : ketapang kernel oil (g) is 0,015 : 1. 
Amount of hydroxamic group in 1 gr of sample is 2.46 mol. Qualitative test of FHAs was carried out 
by color test and FTIR. Complex colors of the FHA with copper (II) and iron (III) are green and dark 
red, respectively. For FTIR analysis of FHAs group,  various peak appeared such as C=O amide  
(1685 cm-1), O-H (3434 cm-1), N-H (3261,09 and 1568,64 cm-1) and C-N (939,91 cm-1).
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INTRODUCTION

	 Hydroxamic acid (N-hydroxy carboxylic acid) 
is a derivative compound of nitrogen compound  
that binds hydrogen in its hydroxilamine molecular 
with -CO-NH-OH (R = alkyl or aryl).1 Hydroxamic 
acid derivatives have received  much  attention 
because of its biological activity, like as an antibiotic,  
anti-fungal, additives in food, cell division factors,2 
anti corrosion,3 enzyme inhibitors, inhibitors of 
tumor and cancer.4 Hydroxamic acid complexes 
with several metal ions have been used in analytical 

chemistry as reagents for gravimetric, and for 
extracting metal ions from the aqueous phase.5-6 One 
of type of hydroxamic acid is a long chain hydroxamic 
acid, such as FHA. Long chain hydroxamic acid is 
widely used as a surfactant in the pharmaceutical 
and soap industries.7,8 

	 The FHA can be synthesized in two ways 
such as chemically and enzymatically. Hydroxamic 
acid can be chemically synthesized using the 
Blatt method.6 Alkyl or aryl ester is reacted with 
hydroxylamine using an alkaline catalyst. However, 
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this reaction is not complete. The use of a base could 
evoke the decomposition or degradation of the double 
bond on the product.9 In addition, hydroxamic acid 
can also be synthesized by using Chi procedure10  
by reacting the ester with hydroxylamine and using 
KCN catalyst. However, this reaction faces problems 
like if the reacted compounds contain reactive groups 
such as double bonds, prior protection of functional 
groups should be performed so that the synthesis 
procedure becomes longer.

	 In addition to the chemical methods, 
hydroxamic acid or FHA synthesis can be performed 
by enzymatic methods. One of the enzymatic methods 
of FHA synthesis can be performed by Suhendra  
et al., method6. In this method, FHA is synthesized 
from palm oil with hydroxylamine and lipase enzymes 
as the catalyst, then it is reacted in a water bath 
shaker with n-hexane solvent. The advantage of the 
enzymatic synthesis method is a specific reaction, 
mild reaction condition, environmentally friendly 
process and simple purification process.11, 12    

	 The other studies of enzymatic synthesis 
of FHA is the tiohydroxamic synthesis of palm 
oil with lipase catalyst,7 the enzimatic synthesis 
of FHA of coconut oil,6 and the synthesis of fatty 
phenyl hydroxamic acids of coconut oil with the 
lipase enzymes.8 From a few studies that have been 
mentioned above, the raw material use edible oil. 
Therefore, it is required the other raw material such 
as non-edible oil.

	 One of the non-edible vegetable oil sources 
is Ketapang kernel oil (Terminalia catappa Linn). 
Ketapang kernel oil contains long and medium chain 
fatty acids so this oil has great potential to be used as 
raw material in the fatty hydroxamic acids synthesis. 
Ketapang plants are widely distributed in Indonesia 
and are not included in the seasonal plants, meaning 
that ketapang can bear fruit throughout the year.

	 Ketapang kernel oil content (triglyceride) 
is fifty six percent, aproximately. The fatty acids 
composition of ketapang kernel oil are palmitic acid 
(35.26%), palmitoleic (0.38%), stearic (4.55%), 
oleic (38.72%), linoleic (20.57%), Arakhidat (0.51%) 
and others 0.01%.11,13 Ketapang oil also has a 
characteristic physical-chemical properties so that it 
is suitable to be used as a base materials.11,12,13 For 

that reason, ketapang kernel oil has the potential to 
be used as raw  material  of  FHA synthesis.

EXPERIMENTAL

Materials
	 The chemicals used were pro analysis 
grade including hexane, silica gel, hidroxilamine 
hydrochloride from Sigma Aldrich USA, Sodium 
Sulfat from Merck Germany, commercial enzyme 
(Lipozyme TL. IM, from Novo Nordisk) and Terminalia 
catappa L.(ketapang) kernel.

Apparatus
	 The apparatus used in this research were 
rotary evaporator, horizontal water bath shaker, FT-IR 
spectrophotometer from Perkin Elmer Model Frontier, 
Column Chromatography, and Kjeldahl Flask.

Extraction of Ketapang Kernel
	 Ketapang kernel extraction uses soxhletation 
method. Previously, the ketapang kernel was dried 
and mashed. The soxhletation process was running 
for 6 h with 250 ml of n-hexane solvent. The oil is 
then evaporated to remove the n-hexane solvent with 
a rotary evaporator at 40°C with a rotation speed of 
120 rpm and it is added of Sodium Sulfate to remove 
the moisture. 

Optimization  of Fatty Hydroxamic Acids Synthesis 
Optimization of Ketapang Oil Mass
	 Fatty hydroxamic acids synthesis is done 
by varying the amount of ketapang oil mass, such 
as 0.5, 1.0, 1.5, 2.0, 2.5, 3.0, 3.5 and 4 g while 
other variables are remained  with the composition 
of 0.02 g of lipase, 10 mmol of hydroxilamine 
hydrochloride and 15 mL of n-hexane. The mixture 
is  incubated in a water bath shaker for 24 h at the 
temperature of 40°C with a rotation speed of 100 
rpm.Then, the hydroxamic acids purification process 
is performed. The pure product of hydroxamic acids 
was quantitated gravimetrically.

Optimization of the Amount of Lipase
	 Fatty hydroxamic acids synthesis is done 
by varying the amount of lipase, such as 0.01, 0.02, 
0.03, 0.04, 0.05 and 0.06 g. The others variables are 
remained with the composition and treatment as in 
described earlier. The optimum of ketapang oil mass 
was used in this step.
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Optimization of Reaction Temperature
	 Fatty hydroxamic acids synthesis is done by 
varying the synthesis temperature, such as 30, 35, 
40, 45 and 50°C. The other variables are remained 
with the composition and treatment as in describe 
earlier. The optimum of ketapang oil mass and 
amount of lipase were used in this step.

Optimization of Reaction time
	 Fatty hydroxamic acids synthesis is done 
by varying the synthesis time, such as 5, 10, 15, 
20, 25, 30, 35 and 40 hours. The other variables are 
remained with the composition and treatment as in 
as in describe earlier. The optimum of ketapang oil 
mass, amount of lipase  and temperature were used 
in this step.

Fatty Hydroxamic Acids Synthesis in Optimum 
Condition
	 FHA were synthesized at the optimum 
condition that has been obtained in previous 
experiments. FHA was formed at the interface of water 
-hexana. To obtain a solid FHA, fraksi n-hexane is 
cooled in a freezer (<-5°C) for 4 h and it was filtered. 
The next step, FHA solid was washed with n-hexane 
and It was dried in the desiccator that has been filled 
with phosphorus pentaoksida for 24 hours.

Characterization of Fatty Hydroxamic Acid
Qualitative Test
Color Test
	 Qualitative analysis of hydroxamic acid 
with color test is performed by reacting FHA with 
a solution of iron (III) and copper (II) in methanolic 
solution. Cu solution used is 1 M of CuSO4 and 2% of 
FeCl3. The positive test is indicated by the formation 
of colored complex in the solution indicating the 
presence of hydroxylamine group in the sample 
solution.

Fourier Transform Infrared (FTIR) spectroscopy
	 Qualitative analysis of the functional groups 
of FHA formed is performed by measuring the FTIR 
spectrum by using KBr pellets. Spectrum of FHA was 
then compared with the FTIR spectrum  of ketapang 
oil. To ensure that the C=O ester has changed to 
C=O amide and the formation of the C-N bond.

Quantitative Test
	 Quantitative analysis was performed by 

determining the amount of nitrogen contained in 
FHA synthesized by using the Semi Macro Kjeldhal.  
Amount of FHA (0.5 g),  2 g of Na2SO4-CuSO4  
(20: 1) and 5 mL of H2SO4 concentrated were 
inserted into the Kjeldahl flask. The next stage, 
all ingredients were heated in an electric heater 
until a clear blue solution (destruction process). 
The destruction product was cooled and it added  
150 mL distilled water, 25 mL 40% NaOH. Then,  
the distillation process was running. The distillate is 
collected to a volume of 150 mL in the erlenmeyer 
flask where the flask was filled 2% of borax acid 
by 10 mL and mixed indicator. Distillate was then 
titrated with 0.1M of HCl until the equivalence point 
that is indicated by the change of color from yellow 
to pink. The blank was also gets the similar treatment 
as the samples.14 

RESULTS AND DISCUSSION

Extraction and Purification of Ketapang Kernel Oil 
	 Based on the results of the process of 
sokletasi and purification, ketapang kernel oil  
content is 59.75% of 60 g of dried kernel powder. Oil 
content obtained is slightly higher than the amount 
of oil obtained by Janporn et al.,13 that is equal to 
57, 5 %. It can be influenced by the geographical 
conditions where the plants grow which result in the 
differences in oil content.15 

Optimization of FHA Synthesis 
Optimization of Ketapang kernel Oil Mass 
	 Optimization of Ketapang kernel oil mass 
is aimed to investigate at the effect of the amount of 
substrate (oil) on the synthesis of FHA. The variation 
of the oil mass used in this study is 0-4 g with an 
interval of 0.5 g while the other variables remain. From 
the observation, it is obtained the following data.

	 Based on the graph (Fig. 1), it appears that 
the product increases with the increased substrate. It 
is starting from 0 to 3.5 g. How ever, after the amount 
of substrates is over 3.5 g, the product is decreased. 
According to Worthington,16 the amount of excess 
substrate can inhibit the action of enzymes. The 
reason is that if considerable substrate will cause 
competition among the substrate to stick to the 
active side of the enzyme surface. This causes the 
active side of enzyme is blocked and also it prevent 
the other substrates to react. Therefore, the addition 
of substrate after reaching the maximum point will 
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be the cause of the decline of FHA products. It is 
also supported by Gunawan and Suhendra’s study17 

when the substrate concentration is excessive, it 
can increase the viscosity of the solution so that 
interaction between the reactants become ineffective 
and be able to inhibit the reaction.

shows that the amount of enzyme used has reached 
the optimum point. The addition of the enzyme 
amount will not increase the product significantly. 
This is indicated by a flat curve. The addition of an 
excess amount of enzyme can lead to an excess of 
the active side of enzyme molecule. However, if the 
excess of enzyme is not supported by an adequate 
amount of substrate it will not significantly increase 
the amount of products. 

Optimization of  Reaction Temperature
	 In this study, temperature optimization was 
carried out by varying the temperature from 30 to 
50°C with 5°C intervals. Based on the results, it was 
observed that from 30 to 40°C, the product increased 
significantly as the temperature increased. The 
increase of this product because if the temperature 
increases, the substrate solubility will increase. The 
higher temperatures will also increase the collision 
between enzymes and substrate molecules so that 
the reaction rate will increase.18  

Fig. 1. Effect of oil mass 

Optimization of Amount of Enzyme
	 Based on the finding of the research, it 
can be seen in the lipase mass at interval of 0.01 
to 0.03 g, the product (FHA) increased significantly 
with the addition of enzyme lipase. This is due to the 
higher amount of lipase used, the reaction rate will 
be increased so that the optimum point will be more 
quickly achieved.

Fig. 2. Effect of amount enzyme  

	 The optimum point in the enzymatic 
reaction is usually achieved by the use of enzymes 
in 1.5% of the subtrate mass.17 This relationship can 
be used when there is no limiting factors such as low 
subtrate concentrations, the existence of activators, 
inhibitors, or the effect of mass transfer. However, in 
the addition of enzyme mass of more than 0.03 g, 
However, in addition of enzyme mass of more than 
0.03 g, the product increase becomes insignificant.  It 

Fig. 3. Effect of temperature 

	 In this study, the optimum temperature 
of FHA synthesis of ketapang oil is 40°C. At 
temperatures above 40°C, it appears the decrease 
of the products. This is because the enzymes can be 
denatured at high temperatures.19 Islam,20 reported 
that the lipase is very active at temperatures of  
30-40°C. In an enzymatic reaction, the enzyme loses 
its activity if the temperature is increased beyond its 
optimum temperature.21  

Optimization of  Reaction Time
	 Time is an appropriate indicator to 
determine the ability of an enzyme to catalyze a 
reaction. The oppurtune enzymes is an enzyme that 
has a short time to obtain optimum results (products). 
The short time to achieve the optimal results, will 
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cause the cost incurred more economically. The 
optimation of  reaction time is performed by varying 
the reaction time from  0 to 40 h with interval of 5 h 
Fig. 4 has illustrated that at the reaction time of 0 to 25 
h the product was increased significantly. The fastest 
time to obtain the optimum result is 25 hours. 

	 After the reaction time above 30 h, the 
graph curve is stable. This is indicates that the 
product obtained does not increase significantly. 
The decrease of this reaction rate can be caused 
by two factors: (i) the mass transfer limitations that 
cannot be avoided because in the reaction mixture, 
there is a proportion of solid products that are large 
enough to limit the interaction between substrate and 
enzyme, and (ii) the reaction has reached a state of 
equilibrium in which the forward reaction is equal to 
its reverse reaction rate.9 

Fig. 4. Effect of reaction time

Table 1: The optimum conditions of FHA synthesis

No.	 Optimization Parameter	 Condition

 1	 Reaction time (h)	 25

 2	 Reaction temperature (°C)	 40

 3	 Ratio of the enzyme lipase (g): Oil (g)	 0.015 : 1

 4	 Ratio of hydrochloride (g): Oil (g)	 2.86 : 1

Fatty Hydroxamic Acids Synthesis
	 FHA was synthesized by using the optimum 
conditions Table 1 which have been obtained, 
previously from the optimization study. 

	 At this stage, FHA synthesized by reacting 
hydroxylamine hydrochloride (NH2OH.HCl) with 
ketapang kernel oil and lipase enzyme. Before The 
reaction process, hydroxylamine hydrochloride 
was dissolved in water (distilled water) while oil 
was diluted in n-hexane. Selection of water as a 
solvent because water is a very easy solvent to 

dissolve polar substances such as hydroxylamine 
hydrochloride. In addition, water is a solvent that 
is very abundant, cheap and it does not form 
byproducts so it can ease to the purification 
process of the desired products.22 Hydroxylamine 
hydrochloride that have been dissolved then it was 
neutralized by added of 2 M NaOH. The addition of 
NaOH aims to neutralize HCl contained in NH2OH.
HCl that forms salts (NaCl) and water (H2O). The 
neutralization is particularly important because the 
lipase enzyme can work optimally at pH of 7. PH is 
too low or too high from the optimum pH enzyme 
activity can lead to the denaturation process resulting 
in decreased activity.16 Meanwhile, selection of 
n-hexane as an oil solvent because it is non-polar 
that can easily dissolve oil which is also non-polar. 
According to Holdy et al.,23 the solvent that gives the 
best results for the FHA synthesis from vegetable 
oils is n-hexane.

	 Based on the observations, after each 
reactant is mixed, it appears that the formulation 
of two immiscible solution phase, the phase of 
n-hexane contains the oil which is above and the 
aqueous phase (hydrochloride solution) is below. 
The separation process occurs because the 
hexane and aqueous phases have different polarity 
characteristic.24, 25 The density of water is greater 
when compared to n-hexane, so the aqueous phase 
is below hexane phase. The density of water is  
(ρ=0.997 g/cm3), while n-hexane is (ρ=0.66g/cm3) at 
a temperature of 298 K.26  Then after the reactants 
are added with lipase enzyme, it appears that the 
enzyme is in the aqueous phase. This is because 
the enzyme lipase is polar. According to Zambon  
et al.,27 and Oh et al.,28 lipase is a polar catalyst and 
it has a high solubility in water. However, because 
it has shaped immobilized lipase, so the lipase 
becomes insoluble and it is on layers of n-hexane 
and water. The formation reaction of hydroxamic 
acid occurs between the water layer with n-hexane 
layer. The triglycerides or oil dissolves in n-hexane 
and hydrochloride dissolve in water, so the maximum 
reaction occurs between the water layer and the 
n-hexane layer.29 

	 After the reactant was reacted in a water 
bath shaker for 25 h at 40°C, the reaction proceeded 
to be turbid. These changes indicated the occurrence 
of reactions on the reactants. The appearance 
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of turbidity in the n-hexane fraction is due to the 
formation of a novel product which is a FHA which is 
soluble in n-hexane. If the reaction product is cooled 
to -4oC the FHA in the hexane fraction will be freeze. 
The FHA can be separated from solvent through 
degradation process of temperature reduction.30  

	 The reaction scheme among of ketapang 
oil and hydroxylamine with an enzyme catalyst is 
illustrated as below. The reaction products are FHA 
and glycerol as by products. Glycerol is dissolves in 
water, therefore, it is easily separated from the main 
product. The scheme is as follows.

FTIR Test
	 FTIR spectrum of FHA synthesized, 
it appears that the typical absorption that is at 
3434.48 cm-1 a OH bond, and at the wave number 
of 3261.09 cm-1 is N-H bond and is supported by 
N-H absorption at 1568.64 cm-1. At the wave number of 
2921 cm-1 and 2850 cm-1,  there is a C-H streaching 
of long aliphatic alkyl chain. Besides, it appears 
that the absorption of C=O amida is at 1685 cm-1. 
Meanwhile, The spectrum of the ketapang kernel 
shows the C=O esters having slightly different wave 
numbers of 1700 cm-1. This is indicate that FHA has 
been synthesized from ketapang oil, C = O ester has 
changed to C = O amide.  The other information, at 
the wave number of 939.91 cm-1 is the  absorption  
of C-N that is previously not appear in the FT-IR 
spectrum of ketapang oil. The value of wave numbers 
of hydroxamic acid is appropriate with the results of 
Al-Mulla, et al., Holdy et al., and Stuart7,23,31

	 The reaction indicates that triglyceride 
reacts are assumed to have two oleic chains and 
one palmitate chain since the ketapang seed oil 
contains mostly an oleic and a palmitic fatty acid of 
38.72% and 35.26%, respectively.13 Hence, it can be 
assumed also most of the FHA formed is hydroxamic 
oleic acid (liquid form) and hydroxamic palmitic acid 
(Solid form).

	 The percentage of FHA is 50.05%, 
approximately. This synthesis results are not much 
different from FHA of coconut oil that is 49.59%.6  
However, the percentage is lower when compared to 
the percentage of FHA synthesis of palm olein and 
stearin.23 The low percentage could be influenced 
by the differences in the composition of fatty acids 
in triglycerides or a minor part of FHA liquid form is 
still dissolved in hexane.

Characterization of Fatty Hydroxamic Acids
Qualitative Analysis
Color Test
	 The product is reacted with Fe(III) and 
Cu(II) solutions, and the observable colors of both 
reactions are dark red and green, respectively. This 
is appropriate with the typical characteristics of fatty 
hydroxamic acids, in which the hydroxamic groups 
will form a complex with a dark red color with Fe (III) 
and a complex with green color with Cu (II).

Fig. 5. Hydroxyl aminolysis triglycerides reaction

Fig. 6. FTIR spectrum of ketapang oil

Fig. 7. FTIR spectrum of fatty hydroxamic acids 

Quantitative Analysis
	 From the analysis, the total amount of N 
contains in the sample of FHA is 3.45%. This shows 
that there are 2.46 mmol of hydroxamic groups in  
1 g of sample of FHA synthesized from the ketapang 
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kernel oil. The total amount of nitrogen in these FHA 
is lower when compared with the amount of FHA 
synthesized from acids from coconut oil (4.32%).6 
This is due to alkyl chain of the fatty acid in ketapang 
oil is longer than the coconut oil.

CONCLUSION

	 FHA has been successfully synthesized via 
enzymatic reaction from ketapang kernel oil and the 

percentage yield of 50.05 %. The optimum reaction 
conditions have been successfully investigated. It is 
necessary to conduct research on the application 
of FHA synthesized from ketapang kernel oil for the 
further development of utilization. 
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