Structural FTIR analysis of cellulose functional groups isolated
from Leucaena leucocephala pods using different bleaching agents
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Abstract: In this study, extracted cellulose fibres were successfully isolated from Leucaena
leucocephala pods through an efficient alkaline treatment and bleaching method using
different bleaching agents such as 5 wt.% of sodium chlorite (NaClO3), 5 wt.% of oxalic acid
(C2H204), 5 wt.% of potassium permanganate (KMnO,4) and 5 wt.% of sodium hypochlorite
(NaClO), respectively. The functional group of the cellulose fibres were analysed by using
attenuated total reflection infrared (ATR-IR) spectroscopy. The ATR-IR spectra reported that
the Leucaena leucocephala fibres after being given chemical treatment with 5%w/w of NaClO
lead the similar functional group with the commercial cellulose due to removal hemicellulose
and lignin. The content cellulose of final product was 89.4% was measured by the chemical
composition test. Meanwhile, the whiteness index of Leucaena leucocephala fibres treated
with 5 wt.% NaClO was 78.5%, which was the highest. The results of ATR-IR, chemical
composition test and whiteness index were indicated that the sample of Leucaena
leucocephala pods presents the structure of cellulose.
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1. Introduction

Cellulose is a natural polymer that can be isolated from the plant. It is the plant cell
wall materials, together with hemicellulose and lignin. These natural polymers can be
used for the production of paper and textiles, and it also can be modified into carboxyl
methylcellulose (CMC) which can be used as additives in food products (Aurelia,
Murdiati, & Ningrum, 2019) (Aurelia et al., 2019). The isolation of cellulose from new
sources, especially agricultural waste and underutilized plants is attractive both
economically and environmentally. This is because most of the agricultural waste is
disposed of by burning or burying (Zafar, 2019), and it can cause air pollution. It is
crucial to find a better method to dispose of waste. The trends of using waste from

agriculture such as rice straw (Musa, Ahmad, & Hussein, 2017), sugarcane bagasse



(Plermjai, Boonyarattanakalin, & Mekprasart, 2018), pineapple peels (Camacho et al.,
2017)- have been increased for the source of cellulose.

Besides, there also some research that identified the underutilized plant to be
used as a source for cellulose. Husin et al., (2017) was successfully isolated cellulose
and microcrystalline cellulose from Leucaena leucocephala seeds obtained as waste
from biodiesel production. The vyield of cellulose obtained was 33%. Moreover,
previous research had investigated the cellulose isolation from Leucaena
leucocephala seeds (Aini et al., 2019). Cellulose was successfully isolated from the
seeds, and the crystallinity index of cellulose obtained was 76.04%. Thus, it proved
that Leucaena leucocephala plants have the potential to be used as the source for

cellulose isolation.

In 2012, the government of Malaysia has identified Leucaena leucocephala or
also known as “Petai belalang” as one of the energy plants and would soon form part
of the country’s landscape similar to oil palm, and rubber (Adnan, 2012).The leave
produced an excellent forage as it contains a high amount of protein. The forage
production from this plant provides metabolic protein supplies with a well-balanced
amino acid to the animal (Soltan, Morsy, Lucas, & Abdalla, 2017).

Fourier transform infrared spectroscopy (FTIR) with attenuated total reflection
(ATR) unit is one of the most commonly used methods for identification different
functional groups constituting a compound. It is a rapid and non-destructive technique
for the qualitative and quantitative determination of biomass components in the mid-
IR region (Xu, Yu, Tesso, Dowell, & Wang, 2013). The FTIR spectroscopy provides
information about molecular fragments, the functional groups and can give deeper
insight into the Leucaena leucocephala fibres structure. Thus, the aim of this paper
was to comparative FTIR investigation of extracted cellulose fibres from Leucaena
leucocephala pods using different bleaching agents which are sodium chlorite
(NaClO2), sodium hypochlorite (NaClO), oxalic acid (C2H204), and potassium
permanganate (KMnOa).

2. Materials and methods

Figure 1 summarizes the main steps of the present methodology. Mature
Leucaena leucocephala pods were collected from trees available at Universiti Putra

Malaysia. The pods collected were brown, and the size of the pods was a range



between 14 to 18 cm long. They were washed thoroughly using tapped water and
then were dried using a drying oven (Memmert Universal Oven, German) for 24 h at
100°C before ground into fiber using a miller machine (Laboratory Mill 120, Perten,
Sweden). All the chemicals used in this research were analytical grade and applied

without further purification.
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Figure 1: Flowchart of the methodology aimed to investigate the effect of different
bleaching agents to the characterization of cellulose isolated from Leucaena

leucocephala fiber.

2.1 Alkaline treatment of Leucaena Leuocephala pods

The alkaline treatment was performed using the method described by (Zheng,
Zhang, Guo, & Yue, 2019). This treatment aimed to eliminate hemicellulose from the
Leucaena leucocephala pods to obtain purified cellulose. The fiber was mixed with 2

wt.% of sodium hydroxide (NaOH) solution in a solid-to-liquid ratio of 1 g/ 10 ml,



shaken at 50 rpm, and heated at 100°C in a shaking water bath for 4 hours. This alkali
treatment was repeated four times until no more discoloration occurred. Then, the fiber

was washed with distilled water until pH 7 and proceed to the second pre-treatment.
2.2 Bleaching treatment

Bleaching process involved the removal of lignin and other components by
stirring the lignocellulosic material with a mixture of bleaching agents. In this study,
four types of bleaching agents were used to determine which bleaching agent is the
best to remove lignin to obtain purified cellulose. NaClO2 (5 wt.%), C2H204 (5 wt.%),
KMnO4 (5 wt.%), and NaClO (5 wt.%) were used to remove the lignin group from the
mature Leucaena leucocephala fiber. The solid-to-liquid ratio used was 1 g of fiber to
50 ml of bleaching agent solution. The solution was then heated at 80°C and shaken
at 100 rpm for 2 hours using a shaking water bath and repeated two times to obtain a
white fiber. The bleached fiber was then thoroughly washed using distilled water until

pH 7 was obtained.
2.3 Analysis of chemical composition

The lignin content was determined according to the TAPPI norm T222 om-88
(Song, Zhu, Zhu, & Li, 2019). One g of the fiber was added into 15 mL of sulphuric
acid (H2SO4) with the percentage of acid was 72 wt.%. The solution was then
maintained at room temperature for 2 hours. After that, 560 ml of distilled water was
added and the solution was then boiled for 4 hours before centrifuge to obtain the
insoluble lignin. The obtained lignin was then oven-dried and measure the weight. The

percentage of lignin obtained was calculated using Eq. (1).
Lignin (%) === x 100

1)
where M1 was the obtained lignin mass, M was the initial sample mass.

The percentage of hemicellulose in the fiber was determined according to the
TAPPI T257 om-09. Holocellulose content was quantified with NaClOz treatment
according to the procedure reported by Song et al., (2019). 1 g of fiber was added into
a solution, 30 ml containing 0.25 ml of acetic acid and 0.3 g of NaClO2. Then, the

mixture was heated at 75C for 1 hour, and cooled down, filtered, and washed with



water. The residue was then dried and weight, the holocellulose content was

calculated using Eq. (2).

Holocellulose (%) = % x 100

(2)

where M2 was the obtained residue mass, M was the initial sample mass.

The cellulose content in the fiber was determined by extracting cellulose from
the holocellulose with NaOH (17.5%) for 5 hours before stopping the reaction with ice.
The obtained white powder was washed with lots amount of water until the filtrate

becoming neutral. The percentage of cellulose was calculated using Eq. (3).

Cellulose (%) = == x 100

3)
where M3 was the obtained white powder mass, M was the initial sample mass.
2.4 Whiteness index

The reflective surface color of all samples was measured using a color
measurement system (Colorimeter Konica, Japan) RSEX (Reflectance Specular
Excluded) mode type was used, and the area view was 0.190 inch. The value of L*,
a*, and b* were recorded, and each sample was individually measured in triplicates.
The whiteness index (WI1%) was calculated using Eq.4 (Yen & Mau, 2006):

WI (%) = 100 — [(100 — L*)2 + (a*)2 + (b*)2]1/2

(4)

Where, WI is the percentage of whiteness index, L* for the lightness from black (0) to
white (100), a* from green (-) to red (+), and b* from blue (-) to yellow (+).



2.5 Functional group analysis by Fourier Transform Infrared (FTIR)

The infrared spectroscopy equipped with the ATR technique is an ideal for
investigation of the IR solids. In this analysis, potassium bromide (KBr) was used as
the diluents. The powder samples and KBr were grounded to reduce the particle size
to less than 5 mm in diameter. KBr was added into an agate mortar and ground it to
fine powder. Then, the sample was mixed with the KBr powder, and was ground for 3
to 5 minutes. Next it was added to the 7 mm collar and press with a small hydraulic
press to produce a pellet. The pellet was then put onto the sample holder and begin
scanning. The FTIR spectra were then collected at the mid-infrared region (4000 —

400 cm) using 32 scans.

3. Results and Discussion
3.1Chemical composition

The chemical composition of Leucaena leucocephala fiber at each stage of
chemical treatment are presented in Table 1. The hemicellulose and lignin in the fiber
were started to decrease after the alkaline treatment with NaOH. After further
treatment during bleaching process, the percentage of hemicellulose and lignin was
further reduced. Bleaching treatment with NaClO shows the lowest percentage of
hemicellulose and lignin, with 5.87% and 1.74%, respectively. This proved that sodium
hypochlorite is an efficient bleaching agent in order to remove the non-lignocellulosic

materials from the Leucaena leucocephala fiber.

Moreover, previous research (Hayati, Rahman, Chieng, & Rahman, 2017,
Zheng et al., 2019) ,also showed a similar trend. The percentage of non-cellulosic
components in Leucaena leucocephala fiber was started to reduce after the alkaline
treatment with NaOH and bleaching treatment using acidified NaCIlOz2 solution. By the
addition of NaOH and bleaching agent to the delignification process plays a role in
separating lignin from the complex lignin-cellulose and in rupturing the anhydrous
glucose unit (AGU) linkage in cellulose that results in cellulose weight loss. However,
the treatment of Leucaena leucocephala fibers with NaClO produce the highest
cellulose content which was 89.4%, compared with other three bleaching agents. The

use of 5 wt.% NaClO significantly increased the cellulose yield due to the rupture of



the lignin linkage in lignin-cellulose complex as shown in the Table 1, which the
percentage of lignin obtained was 1.74 %. In addition, the NaClO can oxidize the
cellulose specifically in its amorphous zone.

Table 1: Chemical composition of untreated Leucaena leucocephala fiber and treated
Leucaena leucocephala fiber.

Sample Cellulose | Hemicellulose | Holocellulose | Lignin (%)
(%) (%) (%)

Untreated fiber 46.60 34.51 81.11 32.29
Alkali treated 62.24 20.73 82.97 18.73
fiber
5% sodium 65.74 12.40 78.14 10.47
chlorite
5% sodium 89.37 5.87 95.24 1.74
hypochlorite
5% oxalic acid 46.40 20.81 67.21 30.01
5% potassium 46.67 18.47 65.14 40.03
permanganate

3.2 Whiteness index

Cellulose has been used in many applications such as in food packaging.
However, the color of the cellulose extracted from the plants was reported to have a
natural yellowish-brown. In Figure 2, the color of untreated Leucaena leucocephala
fiber was dark brown, and after undergoing the alkaline treatment with NaOH, it turns
to light brown. This color is not suitable to be used in many applications as it can affect
the final quality of final products, especially if it is used as a food additive. Thus, a
bleaching process was conducted to improve the color of fiber obtained, as well as

producing a highly purified cellulose.




(e) ()
Figure 2: Isolated cellulose by using different bleaching agents. (a) Untreated
Leucaena leucocephala fiber, (b) Alkali treated fiber, (c) Isolated cellulose using 5%
sodium chlorite, (d) Isolated cellulose using 5% sodium hypochlorite, (e) Isolated
cellulose using 5% oxalic acid, and (f) Isolated cellulose using 5% potassium
permanganate.

In addition, Figure 3 presented the percentage of whiteness index of all
samples. Fiber treated with NaClO has the highest percentage of whiteness index
which is 78.5%, and the lowest whiteness index was showed by the fiber treated with
KMnOg, 45.7%. The change in color in fiber could be contributed by the solubilization
of lignin at high temperatures in an alkaline charge (Lee, Ng, & Law, 2018). Bleaching
with KMnOa4 showed the lowest whiteness index probably because of lignin was not
fully solubilized during the treatment. KMnOs is a strong oxidizing agent in acid
medium, but it is a weak oxidant in the neutral and alkaline medium (Youcai, 2018),
and in this study, the KMnO4 used was in its neutral condition.

Moreover, NaClO is a chlorine compound that is often used as a disinfectant or
a bleaching agent. It is widely used during the pre-treatment of fiber to obtain a highly

purified cellulose. Furthermore, bleaching with sodium hypochlorite can produce a



highly purified cellulose (Aurelia et al., 2019). They concluded 3% NaClO gives the
highest cellulose content, light cellulose color.
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Figure 3: Whiteness index of nanocrystalline cellulose (NCC) at a different percentage
of sodium hypochlorite

3.3 Functional group analysis using FTIR

The FTIR spectra of cellulose fibers obtained from Leucaena leucocephala fiber
using different bleaching agents were compared with reference sample in Figure 4.
Two main absorption bands in two wave number regions of 3500 to 2800 cm-?, and
1740 to 600 cm™. The presence of peaks of on the spectra of cellulose samples from
Leucaena leucocephala fiber corresponds to bands of microcrystalline cellulose.
Meanwhile, the differences in absorption bands intensities and appearance of new

peaks in spectra of cellulosic fibers were observed.

Identification of the absorption bands is following, the broad observed peaks in
the wave number range of 3340 - 3100 cm® was attributed to the O-H stretching
vibration of the hydrogen-bonded hydroxyl groups in the cellulose molecules (Song et
al., 2019; Zheng et al., 2019). The band at 2900 cm™ was attributed to the CH
stretching vibration of all hydrocarbon’s constituent in cellulose. This type of bands
has been appeared in all IR spectra except the sample treated with 5% of KMnOQOa.

Typical bands assigned to cellulose were observed in the region of 1740 — 600

cm. The peak located at 1735 cm was corresponding to the acetyl groups and



ironic esters of the hemicellulose and the ester linkages of the carboxylic groups of the
ferulic and p-coumaric acid in lignin and hemicellulose (Song et al., 2019). The
effectiveness of bleaching agents used during the bleaching process can be
determined by the absence of this peak. From Figure 4, it was observed that this peak
was absent when Leucaena leucocephala fiber was treated with sodium chlorite,
sodium hypochlorite, and potassium permanganate, but presented in fiber treated with
oxalic acid. Thus, it showed that bleaching with oxalic acid is not effective in removing

the hemicellulose component in the fiber.

This result was also supported by the results obtained from the chemical
composition analysis, in which it was observed that hemicellulose was not completely
removed after bleaching treatment with oxalic acid. Oxalic acid has many roles as a
bleach, metal polish, and stain remover. Oxalic acid is frequently recommended and
used where a comparatively mild bleaching action (Laboratory, 1948). However, in this
study, it showed that the mild bleaching provided by oxalic acid was not effective to

remove hemicellulose from the Leucaena leucocephala fiber.

In addition, the absorption bands at 1512 cm™ in the FTIR spectrum was
assigned to the aromatic skeletal vibrations of lignin (llyas, Sapuan, & Ishak, 2017;
Song et al., 2019; Tripathi, Ferrer, Khan, & Rojas, 2017). From Figure 4, this peak was
disappeared in the IR spectra of Leucaena leucocephala fiber treated with 5 wt.%
sodium hypochlorite. This absence of peak indicates the rupture of bonds in lignin

structure.

The absorption peaks at 1162 cm™* and 1034 cm™ were presented in all
samples and correspond to the stretching vibration of the C—O—-C bonds in the 1,4-
glycosidic links linkages of the d-glucose units in cellulose, which were interpreted as
typical for a cellulose structure (Luzi et al., 2019). Moreover, the peak at approximately
1639 cm in the FTIR spectrum (Figure 4) was attributed to the H-O-H stretching
vibration of the adsorbed water due to the hydroxyl groups in cellulose (Zheng et al.,
2019), whereas the peak at 898 cm™ represented the C1—H deformation of cellulose
(Camacho et al., 2017). Lastly, the peak around 898, 1050, 1165, 1319, 1380, and
1430 cm* were associated with the C-H rocking vibrations, C-O stretching, C-O-C
asymmetric valence vibration, C-Hz rocking vibration, and C-Hz deformation vibration,

respectively, where these peaks are referred to cellulose form of the carbohydrate



(llyas et al., 2017). The peaks of 898 cm* were present in all samples except for fiber

treated with oxalic acid and potassium permanganate
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Figure 4: FTIR spectra of all samples

4. Conclusions

The cellulose was successfully isolated from Leucaena leucocephala pods via
the alkaline and bleaching process. This research presents the results of FTIR
spectroscopic comparative study of cellulosic fibers extracted using different bleaching
agents with reference sample of microcrystalline cellulose. The spectra obtained
presented that cellulose obtained from Leucaena leucocephala pods using NaClO
during bleaching has a similar functional group with the reference sample of
microcrystalline cellulose. The chemical composition and whiteness index show that
cellulose obtained by bleaching with NaClO has the highest cellulose composition and
whiteness index, which was 89.37% and 78.5%, respectively. It concludes that NaCIO
was the best bleaching agent in removing hemicellulose and lignin from the fiber
resulting in highly purified cellulose. Thus, cellulose can be successfully isolated from
Leucaena leucocephala pods, and has a great potential for the starting material to
produce nanocrystalline cellulose, which offers wide applications such as in food

packing and food additive.
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