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ABSTRACT

Keywords:

The objective of this study is to characterized chitin from Leucaena leucephala pods at
different aging stages with hydrochloric acid HCl by using Fourier Transform Infrared
(FTIR). Leucaena leucephala is chosen to be used in this study because it is abundantly
and can be found easily along the road as it is widely spread in Malaysia and available
throughout the year. Leucaena leucephala is not fully utilized yet and it could potential
for new source for chitin. Results from FTIR shows that Amide I band in Leucaena
leucephala before and after extraction range of 1650-1600cm-1 and is not divided into
two peaks which make it appear close to a β-chitin. Beside, Amide I band of Leucaena
leucephala before and after extraction is appearing wide (U-shaped) rather than sharp
therefore the chitin from Leucaena leucephala is determined to be in the form of βchitin.
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1. Introduction
Chitin is the second most abundant biopolymer after cellulose. It is naturally abundant,
biodegradable, and renewable polymers. Chitin is usually found in diverse living organisms, for
instance, shrimps [1], crabs [2], insects [3] and tortoise [4]. It is also found in the cell wall of fungi,
internal structures of invertebrates and exoskeleton of arthropods [5]. Chitin in nature structurally
similar, however physicochemical properties of chitin are highly dependent on the source [6]. Chitin,
is a linear polymer of N-acetylglucosamine units, which has three polymorphic crystalline forms;
alpha, beta and gamma [7]. Chitin fibrils in insect together with proteins give insect cuticle
mechanical strength and integrity [8]. Chitin in the inner surface of the insect gut gives mechanical
strength and provide protection against reactive oxygen species and microbial invasion [9,10].
Conventionally, chemicals processing for demineralization and deproteinization have been applied
to extraction of chitin from crustacean shells. Dilute hydrochloric acid was used to remove mineral
salts such as calcium carbonate [11]. However, for in this research Leucaena leucephala pods as an
alternative chitin source, therefore no calcium carbonate found in this plant. So, extraction method
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that is suitable is by hydrolysis of chitin using hydrochloric acid (HCl). In the current study, Leucaena
leucephala pods as an alternative chitin source was investigated for determining the chitin
characteristics. The Leucaena pods and seeds had higher (P < 0.01) crude protein (CP) contents [12],
[13]. It also high proportions of reserve polysaccharides [14]. Leucaena leucephala is a perpetual
nonclimbing, non-spiky bush or tree locally it is known as “petai belalang”. It is widely used in
Malaysia as livestock forage, reforestation material and also furniture and construction timber [15].
Leucaena leucephala is not fully utilized yet and widely spread abundantly in Malaysia. It also can be
easily found throughout the year. This study was designed to investigate which physicochemical
properties of chitin at aging stage of a Leucaena leucephala pods. Moreover, the chitin will be
characterized by means of FTIR and their characteristic will be investigated.
2. Experimental
2.1 Materials
The sample of Leucaena leucephala was collected from section 7, Shah Alam, Selangor. The
sample collected according to their age. The aging of Leucaena leucephala was determined as shown
in Table 1 and Figure 1. Ages in between 2 to 10 weeks were selected based on growth of pods. It
was then cleaned and let to sun-dried to remove moisture content. After drying, they were kept at
room temperature until used.

Fig. 1. Leucaena leucocephala according
age (1, 2, 4, 7, 8 and 10 weeks) denoted as
sample 1, 2, 3, 4, 5 and 6 respectively

Table 1
Aging of Leucaena leucephala
Week
1
2
3
4
5
6
7
8
9
10

Length
(cm)
8
18.8
24.5
25
25.5
25.7
26
26.3
26.5
26.8

Width
(cm)
0.4
0.7
1.8
2.3
2.5
2.7
2.8
3.0
3.1
3.1
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2.2 Method
The samples were ground using a blender. 50g sample of (LL) was stirred with 300ml of 6M
hydrochloric acid HCl for 3 hours in fume hood to extract the chitin which is chitin soluble in the
hydrochloric acid [16]. The purpose of using HCl is to extract the chitin in LL. It was then filtered a
filtrate and together with its residue is obtained. The residue was dried for three days at 58 °C to
remove water until constant weight.
3. Results and Discussion
Figure 2 shows the FTIR spectrum data of grinded Leucaena leucephala before isolation of chitin.
The sample noted as sample 1, 2, 3, 4, 5 and 6 from above to bottom. From a reference made on a
Leucaena leucephala tree for about 14 weeks, the age of the sample is recognized as 1, 2, 4, 7, 8 and
10 weeks respectively. From the FTIR spectrum data above, it can be seen that in the range of 3550
– 3200 cm-1, sample 1 to sample 6 has a band which indicates the stretching vibration of N-H. These
bands consistent with the band reported by Al Sagheer [17]. The bands in this range is becomes wider
with increasing age of the Leucaena leucephala. Each sample shows a band in the range of 2950 –
2850cm-1, which represents the alkyl C-H stretch. This band is in agreement with [18] which reported
that bands near to 2900cm-1 are representative bands for chitin. In the range of 1740 -1700 cm-1
and 1700-1500 cm-1, each sample has band in that both range which attributes to C=O stretch and
C=C bending respectively. Sample 2 to sample 6 has bands in the range of 1400 -1300 cm-1, which
indicates to the CONH deformation and to the CH2 group (amide III), due to the formation of CO-NH
group as reported by [19]. In the range of 1300 – 1000 cm-1, sample 1 to 6 show bands which
represent the C-O-C stretching. Table 1 shows the summary of FTIR bands assignment of Leucaena
leucephala before extraction of chitin.
3.1 FTIR Measurement after Chitin Extraction (residue)
Figure 3 shows the FTIR spectrum data of Leucaena leucephala residue after chitin extraction by
using 6M HCl for about 3h. From the spectrum data above, in the range of 3550-3200cm-1 sample 1
to 6 shows a band respectively which indicates the stretching vibration of aliphatic O-H, and also
represents N-H stretch which near to bands reported by Al Sagheer et al., [17].
There is no change in band in the range of 2950– 2850cm-1 from before extraction band which
is in agreement with Ospina Álvarez [18] which reported that bands near to 2900cm-1 are
representative bands for chitin. Similar with the FTIR result from before extraction; the band in that
range represents the alkyl C-H stretch. In the range of 1700-1500cm-1, each sample has band in both
range which attributes to C=O stretch and C=C bending respectively, similar to the band existed
before chitin extraction. However, a new band existed in sample 1 to sample 6 which range in 1425
1475cm-1, attributes to stretching vibration of –CN according to Zaku et al., [20]. In the range of 1300
– 1000cm-1, sample 1 to 6 show bands which represent the C-O-C stretching, near with band as
reported by Kaya et al., [20].
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Fig. 2. FTIR spectrum data of Leucaena leucoephala before chitin extraction
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Fig. 3. FTIR spectrum data of Leucaena leucocephala after chitin extraction (residue)
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Figure 4 shows the FTIR spectrum data of the extracted chitin from Leucaena leucephala pods by
using 6M of HCl. Same with the FTIR spectrum data of the residue before this, in the range of 35503200cm-1 sample 1 to 6 shows band which indicates the stretching vibration of aliphatic O-H, and
also represents N-H stretch which near to bands reported by Al Sagheer [17]. However, the band in
the range of 2950 – 2850cm-1 which represents the alkyl C-H stretch, which is exists in the FTIR
spectrum data before chitin extraction, has disappeared in this spectrum data. The bond that
indicates alkyl C-H stretch may break during the chitin extraction process
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Fig. 4. FTIR spectrum data of Leucaena leucocephala after chitin extraction (filtrate)

There is no change in number of bands that exist in the range of 1700-1500cm-1, which each
sample has band in that both range which attributes to C=O stretch and C=C bending respectively as
before the chitin extraction, except for the sample 1, 2 and 3 which has two bands for C=C bending.
It is also can be seen that the absorption band near the 1420cm-1 for each sample, which indicates
to protein as reported by Kaya et al., [21]. The band indicates the existing of protein since deproteinization exist due to no treatment with NaOH to removed protein or a process called deproteinization was not carried out during the process. The sharpness of this band increase in sample
2,3, and 4 and widened in sample 5 and 6. This means that protein is highly contained in sample 2,3
and 4 but low in sample 1, 5 and 6. From this result, it can be seen that a very young pods which age
of 1 week and oldest pods which age 8-10 weeks is low in protein compared to pods that age between
2-7 weeks. Same with the band exist in the range of 1300 – 1000cm-1 before extraction, sample 1 to
6 show bands which represent the C-O-C stretching, near with band as reported by Zaku et al., [20].
There is also band near 974cm-1 in this FTIR spectrum data which represents Amide III according to
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Prabu and Natarajan [22]. Table 3 shows the summary of FTIR bands assignment of extracted chitin
from Leucaena leucephala for sample 1 to 6.
3.2 Type of Chitin
It can be seen Table 1 and from the FTIR spectrum before and after extraction of chitin, sample 1
to sample 6 shows only one band in the range of 16501600cm-1 and is not divided into two peaks.
According to a Greven et al., [23], the divided amide I band into two peaks is assigned to α-chitin,
while a single amide I band is assigned to β-chitin. This is also supported by Kumirska et al., [24] which
reported that for α-chitin, the amide I band is split into two components due to the influence of
hydrogen bonding or the presence of an enol form of the amide moiety compared to βchitin which
only has one component or band. Besides, Wang et al., [25] which analyse on Antarctic krill chitin
results two splitting band of amide I which depended on the hydrogen binding between the C=O
groups and one type of the O6-H groups from the glucoseamine units in chemical structure of chitin
and suggested to be α-chitin. In addition, Al Sagheer et al., [17] reported that a single band of amide
I is observed in the case of β-chitin which is commonly attributes to the stretching of the CO group
hydrogen bonded to amide group of the neighbouring intra-sheet chain. Amide I band in sample 1 to
sample 6 before and after extraction is not appearing to be a sharper, but wide (U-shape). Greven et
al., [23] reported that α-chitin has a higher degree of crystallinity compared to β-chitin. According to
Greven et al., [23], amide I band of α-chitin is appearing to be sharper (V-shaped) compared to βchitin (U-shaped). Table 4 shows the summary on type of chitin observed. Based on these statements
from Greven et al., [23], Kumirska et al., [24], Wang et al., [25] and Al Sagheer et al., [17], it is clearly
suggested that chitin from Leucaena leucephala is a β-chitin. The presence of acid which is can break
the bonding between chitin and cellulose in cell wall, therefore polymorphic crystalline is forms
(alpha, beta and gamma) from extraction [26].
Table 2
Summary on type of chitin
Criteria
Band

Shape

α
Amide I band splits
into two components
or peaks
Amide I band is sharp
(Vshaped)

β
Amide I band has
only
one
components or peak
Amide I band is wide
(U-shaped)

4. Conclusion
Results from FTIR showed that Amide I band in Leucaena leucephala before and after extraction
does not divided into two peaks which make it appear close to a β-chitin. Beside, Amide I band of
Leucaena leucephala before and after extraction is appearing wide (U-shaped) rather than sharp.
From the results obtained, the chitin from Leucaena leucephala is determined to be in the form of
βchitin.
From the results attained, the bands in the range of 3550 – 3200 cm-1 that represents stretching
vibration of N-H is becomes wider with increasing age of the Leucaena leucephala. This result shows
that stretching vibration is weaker with increasing age of the pods. Besides, extracted chitin shows
protein is highly contained in sample 2, 3 and 4 but low in sample 1, 5 and 6. From this result, it can
be seen that a very young pods which age of 1 week and oldest pods which age 8-10 weeks is low in
protein compared to pods that age between 2-7 weeks. For future studies, it is recommended to
further the process of extraction with treatment using NaOH after treatment with HCl in order to
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remove protein or a process called deproteinization. Besides, extraction also can be done with using
different molar of HCl.
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