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Abstract

In this study, the optimization of microwave-assisted alkaline (MAA) pretreatment is performed to attain the opti-
mal operating parameters for the delignification of cocoa pod husk (CPH). The MAA performance was examined by
heating the CPH solid with different particle sizes (60—120 mesh) and NaOH solution with a different sample to a
solvent (SS) ratio (0.02—0.05 g/L), for short irradiation time (1-4 min). Box-Behnken Design (BBD) was utilized to
optimize the percentage of lignocellulose composition changes. The results show that by enlarging particle size, the
content of lignin and cellulose decreased while hemicellulose increased. By prolong irradiation time, the content of
lignin and hemicellulose decreased while cellulose elevated. On the other hand, increasing the SS ratio was not
significant for hemicellulose content changes. From FTIR and SEM characterization, the MAA drove the removal
of lignin and hemicellulose of CPH and increased cellulose slightly. Supported by kinetic study which conducted in
this work, it was exhibited that MAA pretreatment technology is an effective delignification method of CPH which
can tackle the bottleneck of its commercial biofuel production.
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Introduction and fuels has attracted excellent deal attention
over the past few years [2,3]. In a tropical coun-
try like Indonesia, the crop residues have great
potential to be exploited because of their sus-
tainable and environmentally friendly charac-
teristic [4]. One of the prospective lignocellulose
biomass in Indonesia is coconut pod husk
(CPH). The composition of CPH, which can be

Lignocellulosic biomass is considered as the
most promising raw material to produce green
energy to reduce dependence on fossil fuels [1].
Conversion of the abundant, renewable, and
non-edible lignocellulosic biomass into energy
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10.94%, and 11.64%, respectively [5]. Despite
having potential, however, the rebellious na-
ture of lignocellulosic biomass harshly hinders
the further biological process, namely enzymat-
ic hydrolysis and fermentation, becoming a sig-
nificant drawback of lignocellulose utilization
for biofuel production [6]. The development of
cost-effective technology for effective conversion
is urgently needed for the biofuel commerciali-
zation [7].

The pretreatment process is crucial to dam-
age the complex structure of lignin, facilitating
the release of monomeric sugars in biochemical
conversions into bioenergy products [8-11].
Some pretreatment processes, for example,
physical and chemical, Physico-chemical, bio-
logical processes, have been developed previ-
ously or combinations of these processes [12].
Each of these processes has advantages and
limitations that depend on the nature of the bi-
omass [13]. Among these methods, alkaline
pretreatment exhibited a more effective and
beneficial delignification performance because
it uses inexpensive and widely available chemi-
cals, compared to other chemicals such as deep
eutectic solvents (DES) and ionic liquid (IL)
[6,9,12,14]. However, the long delignification
time is a drawback in this method. The applica-
tion of microwaves has considered an alterna-
tive to conventional heating of alkali pretreat-
ment [15].

Microwave-assisted delignification has been
demonstrated to be a promising method with
maximum removal of lignin and less time pro-
cessing required [8,16]. Microwave facilitated
indirect absorption of energy by molecules, in-
creased heat transfer, and accelerated the rup-
ture of biomass structure through the molecu-
lar collision triggered by the dielectric polariza-
tion. Polar particle movement produces fast
heating resulting in lower process tempera-
tures and times [17]. Despite some previous
works using microwave heating for biomass
pretreatment has been reported, the applica-
tion of alkaline in microwave heating for lignin
fractionation and depolymerization was still
limited with a different operational condition
for the different varieties of lignocellulosic feed-
stock. From literature studies, there are no
works reported before about the combination of
the microwave with the chemical process as a
potential method for the delignification of CPH.

From the problems mentioned above, in this
study, the optimization of microwave-assisted
alkaline pretreatment was carried out to obtain
the optimal operating condition for enhancing
the delignification of CPH. The physicochemi-
cal properties were conducted by using SEM

and FTIR analysis. It was hypothesized that
the alkaline pretreatment combined with mi-
crowave irradiation gives a higher efficiency of
lignin depolymerization than conventional
heating.

2. Material and Methods
2.1 Materials

CPH was collected from the plantation area
in Jember District, East Java, Indonesia. It
was firstly dried under the sunlight for 2 days,
then milled and screened to obtain a particle
size of 60—120 mesh. Analytical grade of natri-
um hydroxide (NaOH) was purchased from Sig-
ma Aldrich, Japan.

2.2 Methods

2.2.1 Microwave-Assisted Alkaline (MAA) Pre-
treatment

The MAA process was run by mixing 5 g of
cocoa pod husk and 3% NaOH solution with a
sample to a solvent ratio of 0.02—0.05 g/L in the
beaker glass. Then, the mixture was heated in
the microwave (100 W) during particular irra-
diation time, 1—4 min. The same process was
conducted for the different particle sizes of 60—
120 mesh. After the pretreatment process, the
pretreated solid was washed, filtered, and
dried in the oven at 45 °C for 1 day. Finally,
the sample was stored at 4 °C before analyzed.
The process was run under batch operation in
the triplicate experiment.

2.2.2 Analytical Methods

The compositions of lignin, hemicellulose,
and cellulose at the untreated and MAA-
treated conditions were analyzed using the
Chesson method [18]. The solid of native and
MAA treated were characterized by Scanning
Electron Microscopy (SEM) (Evo MA 19, Carl
Zeiss, England) analysis and Fourier Trans-
form Infrared Spectroscopy (FTIR) (Nicolet
1510, Thermo Scientific, USA) analysis. The
analysis was employed to investigate chemical
composition changes after the MAA pretreat-
ment applied.

2.2.3 Design of experiment

In this study, a Box-Behnken design (BBD)
was utilized to optimize the operating condi-
tions of MAA delignification towards the per-
centage of lignocellulose composition changes.
Parameters, such as: particle size (60-120
mesh), feed to volume ratio (0.02-0.05 g/L),
and delignification time (1—4 min) were investi-
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gated. Experimental design of BBD of MAA
pretreatment was shown in Table 1. According
to statistical modeling generated by Design Ex-
pert 10 software (Stat-Ease), 17 runs were re-
quired to analyze the data. Each run was car-
ried out in duplicate and data was showed in
average. Table 1 shows the experimental de-
sign of this work with a randomized run. The
second-order nonlinear polynomial equation
was fitted for the experimental data as Eq. (1)
follows:

n n n—-1 n
Y=By+ 2 BXi+ D BuXi+ Y > B XiX;+¢ (1)
i=1 i=1 i=1 j=i+l
where Y denotes the lignocellulose percentage
as response, fs denotes the intercept term, n
denotes the number of variables, S denotes the
liner effect term, Bi means the square effect
term, fB; means the interaction effect term, X;
and X; means the independent variables, and ¢
means the random error.

2.2.4 Kinetics analysis

The kinetics of the lignocellulosic compo-
nents conversion was modelled as the equation
of reaction rate. The reaction rate was ex-
pressed as the simple function of substrate con-
centration (Ca) with the certain reaction rate
constant and reaction order as the following
Eq. (2).

—ry =kC’ 2)

The order of the reaction and the reaction the
reaction rate constant was determined by frac-

tional time method. The data was plotted as
graphic and the required time to remain 80%
(to.s) substrate was observed from the plot for
each concentration data. The fractional time
was defined as the following Eq. (3):
1-n
(0.8) -1

£ = Cl—n 3
F k(l’l—l) A0 ( )
Then, the required data was plotted linearly
with log tr. as the y-axis and log Cas as the x-
axis.

I-n
log? :log{MJ+(l—}1)logCAO (4)

k(n—l)

From the linearized plot as Eq. (4), the value of
reaction order and reaction rate constant was
calculated.

3. Results and Discussion

3.1 Experimental Design and Statistical Analy-
sis

Statistical analysis for the regression model
of lignin, cellulose, and hemicellulose using
Box-Behnken Design is shown in Tables 2—4.
From the ANOVA result of the regression mod-
el of lignin (Table 2), there is a 72.17% chance
of data could occur due to noise. The model p-
value of 0.7217 indicates that the model was
statistically insignificant and demonstrates the
unreliability of the models. As shown in Table
2, all model terms, utilizing the linear coeffi-
cients (A, B, (), interaction coefficients (AB,

Table 1. Experimental design of Box-Behnken design of MAA pretreatment.

Factor A: Particle

Factor B: Sample to a sol-

Factor C: Irradiation

Std Run Size (mesh) vent ratio (g/L) time (min)
4 1 120 0.050 2.5
10 2 90 0.050 1
1 3 60 0.020 2.5
3 4 60 0.050 2.5
6 5 120 0.035 1
7 6 60 0.035 4
8 7 120 0.035 4
2 8 120 0.020 2.5
9 9 90 0.020 1
15 10 90 0.035 2.5
14 11 90 0.035 2.5
13 12 90 0.035 2.5
16 13 90 0.035 2.5
11 14 90 0.020 4
17 15 90 0.035 2.5
12 16 90 0.050 4
5 17 60 0.035 1
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Table 2. Analysis of variance for the regression model of lignin content.

Source Sum of Squares df Mean Square F-value p-value
Model 1.05 9 0.1171 0.6650 0.7217
A-Particle size 0.1791 1 0.1791 1.02 0.3467
B-Ratio 0.0194 1 0.0194 0.1102 0.7496
C-Time 0.0047 1 0.0047 0.0265 0.8754
AB 0.4180 1 0.4180 2.37 0.1672
AC 0.0615 1 0.0615 0.3494 0.5730
BC 0.0608 1 0.0608 0.3452 0.5753
A? 0.0980 1 0.0980 0.5566 0.4799
B 0.0402 1 0.0402 0.2283 0.6473
C? 0.1719 1 0.1719 0.9765 0.3560
Residual 1.23 7 0.1760
Lack of Fit 0.2479 3 0.0826 0.3358 0.8017
Pure Error 0.9843 4 0.2461
Cor Total 2.29 16

Table 3. Analysis of variance for the regression model of hemicellulose content.

Source Sum of Squares df Mean Square F-value p-value
Model 14.04 9 1.56 3.19 0.0703
A-Particle size 0.5539 1 0.5539 1.13 0.3228
B-Ratio 0.7260 1 0.7260 1.48 0.2627
C-Time 8.97 1 8.97 18.33 0.0036
AB 0.0410 1 0.0410 0.0838 0.7806
AC 0.4343 1 0.4343 0.8872 0.3776
BC 0.3405 1 0.3405 0.6956 0.4318
A? 0.3567 1 0.3567 0.7287 0.4216
B? 0.3270 1 0.3270 0.6681 0.4406
C? 2.31 1 2.31 4.71 0.0666
Residual 3.43 7 0.4895
Lack of Fit 0.7053 3 0.2351 0.3456 0.7954
Pure Error 2.72 4 0.6803
Cor Total 17.47 16

Table 4. Analysis of variance for the regression model of cellulose content.

Source Sum of Squares df Mean Square F-value p-value
Model 13.93 9 1.55 2.75 0.0980
A-Particle size 1.90 1 1.90 3.38 0.1084
B-Ratio 0.6430 1 0.6430 1.14 0.3205
C-Time 1.63 1 1.63 2.89 0.1328
AB 2.65 1 2.65 4.70 0.0668
AC 2.19 1 2.19 3.90 0.0890
BC 0.1314 1 0.1314 0.2336 0.6436
A? 0.2004 1 0.2004 0.3563 0.5694
B? 3.27 1 3.27 5.81 0.0468
C 1.51 1 1.51 2.68 0.1457
Residual 3.94 7 0.5625
Lack of Fit 0.4124 3 0.1375 0.1560 0.9206
Pure Error 3.53 4 0.8813
Cor Total 17.86 16
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AC, BC), and quadratic coefficients (A2, B2, C2),
had no significant effect (p > 0.05). The lack of
fit p-value of 0.8017 means the lack of fit is not
significant relative to the pure error.

As shown in Tables 3 and 4 for ANOVA of
hemicellulose and cellulose content, the Model
p-value of 0.0703 and 0.098, respectively, re-
vealed that model terms are insignificant when
the significance level of 95% was wused.
However, when the significance level of 90%
was applied, the terms are significant. In Table
3, the variable of exposure time (C) is a signifi-
cant model term. In Table 4, the quadratic
term of ratio (B?) is a significant model term.
The lack of fit p-value of 0.7954 and 0.9206
demonstrated that the lack of fit of hemicellu-
lose and cellulose, respectively, is not signifi-
cant relative to the pure error. The R-squared
of the hemicellulose and cellulose model are
0.8039 and 0.7796, respectively. They indicate
that the models have a quite good agreement
with the experimental data. It also represents
that the models are acceptable and can satisfy
80.39% and 77.96%, respectively, of the varia-
bility in the delignification process.

3.2 Fitting of Models

In this work, a second-order polynomial
mathematical equation presented the relation-
ship between the independent variables and
the responses. The developed model equations
are provided in Equations (5-7), where A repre-
sents particle size (mesh), B represents the ra-
tio (g/L), and C represents time (min).

Lignin(Y;)=0.6776-0.1496254+0.04925B
~0.024125C +0.32325 4B +0.124AC
—0.12325BC —0.152554° +0.0977 B* ®)
-0.20205C*

Hemicellulose(Yz) =2.7284+0.2631254
—0.30125B-1.05913C -0.101254B
—0.32954C—0.29175BC +0.29105 4* 6)
—0.2787B% +0.74005C*

Cellulose(Ys ) =7.7454—0.487754
+0.2835B+0.451C +0.81325 4B
+0.740254C —0.18125BC+0.218175.42 (D
+0.880675B% —0.598325C"

3.3 Diagnostic of Model Adequacy

The percentage of normal probability plot of
residuals was typically scattered near along the
straight line, which denotes a tolerable devia-

tion of variance. A good agreement between the
model and the experimental data observed can
be qualitatively justified by using a Predicted
vs. Actual plot (parity plot) [19]. The accuracy
of the model can be understood by evaluating
the normal distribution with the predicted and
actual results, as exhibited in Figure 1; Figures
la—b for lignin, Figures 1c—d for hemicellulose,
and Figures le—f for cellulose. Except for the
lignin plot (Figure 1b), the actual values of
hemicellulose and cellulose are moderately
close to the predicted line, which was obtained
from the developed model in previous Eq. (5—
7). This fact implies the significance and relia-
bility of the model used in this study (see Fig-
ures 1d and f).

3.4 The Effect and Optimization of Variables
3.4.1 The effect of variables on lignin content

Figure 2 shows a three-dimensional re-
sponse plot of the effect of variables on the
changes of lignin composition after MAA pre-
treatment. For the particle size parameter, the
lignin content decreases continuously
(delignification increases) with increasing par-
ticle size from 60 to 120 mesh, as shown in Fig-
ures 2a and b. In microwave heating, different
from the heat transfer concept of conventional
heating, heat transfer was induced throughout
with more selectivity to higher polar parts.
This condition generates hotspots within the
complex structures of lignocellulosic biomass
[20].

For the ratio effect parameter, lignin con-
tent decreases with increasing ratio when in-
teracting feed to volume ratio variables (see
Figure 2a). Conversely, lignin content increas-
es with increasing ratio when interacting with
time variables, as shown in Figure 2c. It was
revealed that the delignification process was
strongly affected by solvent volume. The delig-
nification increased linearly as the increase of
liquid to the solid ratio (LLSR). This phenome-
non may be attributed to the larger of the bio-
mass swelling in larger solvent volume. This
condition facilitates the absorption of micro-
waves straightly on the matrix, leading to deg-
radation of the lignin compound [16]. The large
portion of lignin content underwent the delig-
nification process by breaking of aryl ether
linkages after being subjected by alkaline solu-
tion [21]. Furthermore, hydrogen bonds that
connect between lignin with cellulose and hem-
icellulose were ruptured. Sodium and hydrox-
ide ions are formed during the process, then
the ions strike ester-carbohydrate bonds in the
lignocellulose [22].
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Figure 1. Normal Plot and Predicted vs. Actual. (a) Normal Plot of Lignin, (b) Predicted vs. Actual of
Lignin, (¢) Normal Plot of Hemicellulose, (d) Predicted vs. Actual of Hemicellulose, (e) Normal Plot of
Cellulose, (f) Predicted vs. Actual of Cellulose.
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Increasing the concentration of alkaline to a
certain level may have a positive impact on the
swelling of biomass. This swelling increases the
surface area of the complex nature of biomass.
The instability of holocellulose at a higher alka-
line concentration in microwave heating may
be caused by the dissolution of polysaccharides
and lignin simultaneously [1]. However, a fur-
ther increase in ratio had no significant en-
hancement during delignification. This phe-
nomenon may be due to the difficulty of attain-
ing the activation energy as the solvent volume
escalates, subsequently leading to lower effi-
ciency. This condition may due to the solution
gets saturated with the substrate, thereby give
a significant reduction in the mass transfer
rate [16].

In this study, the highest delignification
performance of MAA was obtained at mild con-
dition, namely particle size of 90 mesh, SS ratio
of 0.035, and irradiation time of 2.5 min. This
condition resulted in the lignin content of

Lignin

120

B: Ratio (gr/L) A: Particle sze (mesh)

(b)

Lignin

1.698%. Before the delignification process, the
lignin content in cocoa pod husk was 21.4%. Af-
ter the delignification process, the lignin con-
tent decreased to 0.099%, as shown in Figure
2c¢. Gazliya and Aparna [1] reported a high del-
ignification result, i.e. from 20.11% to 9.43% at
5 N after MAA treatment.

On the irradiation time consideration, the
lignin content rises to the optimum point and
then drops dramatically by prolonging the irra-
diation time (Figure 2b). This trend may occur
due to the collision phenomena between the
molecules. Moreover, the disruption of intermo-
lecular forces between the molecules stimulat-
ed by electromagnetic irradiation occurred.
Furthermore, the prolonging irradiation time
assisted the thermal accumulation, which
caused a rapid breakdown of lignin [23,24].
Alexander et al. [16] reported that the delignifi-
cation continuously elevated with extend in ex-
posure time, yielding 73.21% delignification af-
ter 4.40 min.

Furthermore, conceptually, longer reaction
times give an increase in the rate of reaction,
which was presented by higher delignification
yield. This condition provides a higher possibil-
ity of a sufficient collision frequency among the
molecules which generate immense intramolec-
ular heat energy [16]. However, there were no
significant differences in delignification yields
between 2 min and 3 min and reached a plat-
eau in 2.2 min (See Figure 2a). This phenome-
non may be attributed to kinetic factors, indi-
cating that from 2.2 min to higher reaction
times, the amount of extracted lignin is nearly
constant. The prolonged delignification process
beyond 3 min of irradiation time had an insig-
nificant effect.

(c)

Lignin

B: Ratio (gr/l)

17002

Figure 2. The effect of ratio and particle size (a), time and particle size (b), and time and ratio (c), on

the lignin content.
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From the other work utilizing microwave for
biomass pretreatment, Gazliya and Aparna [1]
reported that MAA pretreatment gave higher
delignification results (i.e. 53.10% vs. 48.63%)
using lower NaOH concentration (i.e. 5 N wvs.
7.5 N) compared to alkaline pretreatment using
conventional heating. This fact indicated that
MAA gave a better result from performance
and environmentally friendly aspects. Moreo-
ver, the physicochemical properties observed
after the delignification process showed that
MAA pretreatment increased cellulose content
and surface area compared to alkaline pretreat-
ment. Kamalini et al. [15] also found that MAA
was sufficient for the biomass delignification
process. It was reported that lignin content de-
creased from 19.33% to 14.59% after MAA ap-
plied.

In comparison with alkaline pretreatment,
the delignification of softwood pellets using di-
luted sulfuric acid was performed by Zhou et al.

Hemicellulose

0.038

B: Ratio (gr/l)

(b)

Hemicellulose

[25]. It was obtained a lignin yield of 82.31 %
at 190 °C for 10 min. By comparing this result
with those reported studies, this work obtained
delignification with comparable and higher
yield under milder alkaline conditions and
shorter time.

3.4.2 The Effect of variable on hemicellulose
content

Figure 3 shows a three-dimensional re-
sponse plot of the effect of variables on the
changes of hemicellulose composition after
MAA pretreatment. Before the pretreatment
process, the hemicellulose content in cocoa pod
husk was 3.8%. After the pretreatment process,
the most effective hemicellulose content de-
creased from 3.8% to 1.195% by 68.55%, which
can be seen in Figures 3a—c. The most effective
reduction of hemicellulose in the experiments
was carried out at 80 mesh particle size, a ratio
of 0.035, and a time of 2.5 min. Kamalini et al.
[15] reported that the hemicellulose underwent
lower solubilization during MAA pretreatment,
which declined from 32.30% to 27.15%. Thus,
the decrease in hemicellulose levels in this
study can be said to be better than previous
studies. Hemicellulose content increases signif-
icantly with increasing particle size (Figures
3a and b). On the other hand, changes in hemi-
cellulose content were not too significant with
an increase in the ratio (see Figures 3a and c).

Hemicellulose content decreases significant-
ly with the longer heating time (Figures 3b and
¢)._Liu et al. [11] found that the more prolonged
chemical treatment significantly gave a posi-
tive contribution to the hemicellulose separa-
tion. Moreover, the higher temperature also

Hemicellulose

C: Time (minutes) | 1 B: Ratio (gr/L)
17002

Figure 3. The effect of ratio and particle size (a), time and particle size (b), and time and ratio (c) on

the hemicellulose content.
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provided higher hemicellulose yield than the
low temperature during the alkaline treatment
process. This phenomenon might be attributed
to the synergistic work between microwave ir-
radiation and alkaline treatment. The straight
interaction of biomass with the electromagnetic
field volumetrically and rapidly occurred when
the microwave irradiated the biomass. This in-
teraction significantly removed hemicelluloses
from the substrate, leading to the high hemicel-
luloses yield [11]. The successful performance
of microwave heating for xylan removal was al-
so reported by Panthapulakkal et al. [26]. It
was reported that the xylose removal was more
significant 6.2% than the conventional heating.
For the severe heating conditions, the com-
bined microwave and alkaline treatment con-
tributed positive effects on the escalation of re-
moval of lignin and hemicelluloses. The separa-
tion was presented by high hemicelluloses yield
and improvement on hemicelluloses molecular
weight [11].

(a)

Cellulose

B: Ratio (gr/l)

(b)

Cellulose

120

C: Time (minutes) v A: Particle size (mesh)

3.4.3 The effect of variables on cellulose con-
tent

As shown in Figure 4, Cellulose content de-
creased significantly with increasing particle
size (see Figures 4a and b). The lowest cellu-
lose content was obtained at the midpoint of
the condition (see Figures 4a and c). Cellulose
content increases with prolonged reaction time.
The highest cellulose content is in a severe con-
dition (Figures 4b and c). From this work, the
cellulose concentration was discovered to be el-
evated following the MAA process. Due to the
effect of microwave heating, the cellulose con-
tent was remarkably increased during the al-
kaline treatment. The microwave irradiation
cracked the compact structure of biomass, sim-
ultaneously stimulated the alkaline penetra-
tion into the inner biomass structure, leading
to the promotion of the cellulose content [11].

3.5 Structural Changes of SCW Pretreated
Solid

3.5.1 Fourier Transform Infrared Spectroscopy

(FTIR)

FTIR characterization was carried out to de-
termine the functional groups contained in the
detached and delignified cocoa shells. In gen-
eral, the functional groups found in the two
types of cocoa husk arise from lignin, hemicel-
lulose, and cellulose [27]. Typical FTIR peaks
that appear include 3410.15 cm~! (O—H group
stretching vibrations), 3000-3100 cm™! and
675-870 cm-! (aromatic C—-H), 2924.09 cm™!
(C—H alkane group), 1851 cm™! (carbonyl group
C=0), 1635.64 cm! (C=C alkenes), 1519.91

Cellulose

B: Ratio (gr/L)

17002

Figure 4. The effect of ratio and particle size (a), time and particle size (b), time and ratio (c), on the

cellulose content.
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cm~! (C=C stretching aromatic ring), 1201 cm™!
(C=0 ester), 894 cm~! (C—H alkenes group).
Cocoa depectination (without delignification
test) contains lignin, cellulose, and hemicellu-
lose. As shown in Figure 5, the results of the
FTIR spectrum of the detected cocoa had O—H
groups at wave number 3410.15 cm™!, group
C=0 at wave number 1743.65 cm~1, and double
bonds (C=C alkene and C=C aromatics) with
each wave number is 1651.07 cm™! and 1527.62
cm~t. This result indicates that the detached
cocoa (without delignification test) contains lig-
nin compounds. Besides, depectination cocoa
also has cellulose content which is character-
ized by the emergence of CH alkane and C—H
alkene groups with wave numbers 2924.09
cm~! and 900 cm™! and the appearance of wave
numbers 1242.16 cm™! indicating the presence
of C—0O ester groups and the presence of C—O
ester groups aromatic CH group with a wave-
number of 856.39 cm~!. These results indicate

—— Delignified cacao
Depectinised cacao

Transmitance (a.u.)

-1
i 1736 cm
3421 cm

4000 3500 3000 2500 2000 1500 1000 500
Wavenumber (cm™)

Figure 5. FTIR spectra of cocoa pod husk.
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that depectination cocoa contains cellulose and
lignin compounds that bind to each other.

The content of lignin, hemicellulose, and
cellulose in cacao depectination was changed
when the sample underwent the delignification
process. One of the changes is that there are a
shift and decrease in peak intensity in the
functional group. Delignified cocoa showed a
shift in absorption peaks from several function-
al groups such as O-H group from 3410.15
cm~! to 3450.65 cm~1, which indicated that lig-
nin levels increased, significantly decreased
the peak of C=0 group (1743.65 cm™1), as well
as the decrease in C=C of the alkene in the del-
ignification process to 1639.49 cm-!. Also, the
loss of C—H alkanes and C=C aromatic groups
indicates a change in hemicellulose. The cellu-
lose content in the depectinated cocoa, which
has undergone a delignification process, also
decreased the peak absorption of the C-O ester
group (1238 cm™!). So, it can be said that the
delignified cocoa has decreased lignin and hem-
icellulose content (see in Figures 2 and 3, re-
spectively), but there is a slight increase in cel-
lulose content. FTIR results in this work were
found in agreement with the increase in cellu-
lose content as shown in Figure 4.

3.5.2 Scanning Electron Microscopy (SEM)

SEM is a method used to analyze pore
structure, morphology and can be used to ana-
lyze changes in particle size in samples. SEM
on cocoa depectination and delignification
shows a significant difference in particle size.
Figure 6 illustrates the morphology and parti-
cle of cocoa Dbefore being delegated
(depectination) and cocoa that has been dele-
gated. Morphology shows that delignified cocoa
has a smaller cavity compared to depectative

2020/02/25 11:28 H

TM3000_1110

Figure 6 SEM images of (a) depectinised and (b) delignified cocoa pod husk.
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cocoa, in Figure 2b, having a thicker and
rougher surface to protect the lignocellulosic
content contained in fiber [28]. The significant
difference in the two samples lies in the parti-
cle size. Delignified cocoa (Figure 2a) has a
much smaller particle size and is barely notice-
able, in contrast to depectination cocoa, which
has massive particle and cavity sizes. The
smaller the particle size, the more cellulose is
produced, and the proportion of lignin decreas-
es as the particle size decreases. This condition
may because lignin binds cellulose in acidic
conditions so that it will condense and precipi-
tate [29]. So, delignification cocoa has lower lig-
nin content compared to depectination cocoa.

3.6 Kinetic Study

Lignocellulosic contains majorly of lignin,
cellulose, and hemicellulose. In this study, the
kinetics of microwave assisted alkali (MAA)
pretreatment were studied for lignin, as the
major target of delignification process which
would degrade to inhibitor during fermentation
without any pretreatment. Kinetics of cellulose
conversion in the pretreatment was also stud-
ied as the hexose, fermentable sugars were de-
rived from cellulose. Meanwhile, hemicellulose
was not discussed because the pentoses as the
main product, was not preferable as fermenta-
ble sugar by many type of strain [30].

In this study, the alkali was assumed to be
exceeding reactant, so the concentration of lig-
nocellulosic component was the driving force,
and the reaction was independent to each oth-
er. The result from the kinetics analysis was
shown in Eqgs. (8-9) below.

_rlignin =1.241 % Clll;nét‘r‘l (8)
mol™ "
0.312 312
“Teellulose = 1.029) —=5— Cce ulose (9)
1lul m010'312s [lul

This result was obtained using fractional
time method with 80% fraction. The R2 value of
the fractional time linear plot was 0.999 and
0.997 for lignin and cellulose, respectively.
These values showed the fit sufficiency of this
model to the existing data from the experiment.
Using MAA, the pretreatment of CPH per-
formed faster conversion rate for lignin with
Riignin of 1.241 1.0-264/mol0264g and nugnin of 1.264,
compared with cellulose with lower Eceiiose Of
1.029 L0:312/mol0-312g and only slightly higher or-
der kceituiose of 1.312. This process effectively de-
graded lignin and simultaneously favouring
cellulose degradation which both may be bene-
ficial to reduce the requirement of next pro-
cessing after delignification, saccharification.

The kinetics of delignification was not yet
studied for CPH using MAA. Keshwani et al.
[31] studied the MAA for switchgrass using
time dependent kinetics modelling, resulting
reaction constant of 0.499 for lignin and 0.011
for cellulose. This study for CPH resulted in
higher reaction constant, means that this pro-
cess could be performed faster than previous
study mentioned. For further research, it is
still crucial to conduct the economic review of
MAA pretreatment for application in the pilot
and industrial scale.

4. Conclusions

In this work, the alkaline pretreatment un-
der microwave heating was sufficient for the
delignification process within a less time irra-
diation process. The optimal results were ob-
tained on the mild condition; particle size of 90
mesh, SS ratio of 0.035, and a delignification
time of 2.5 min. The integrated treatment was
characterized by decreased lignin and hemicel-
lulose content, but there is a slight increase in
cellulose content. In this work, the best condi-
tion of MAA delignification was attained at
mild condition of particle size, SS ratio, and ir-
radiation time, namely 90 mesh, 0.035, and 2.5
min, respectively, resulted in the 1.698% de-
crease of lignin content. From Kkinetic study,
using MAA, the pretreatment of CPH per-
formed faster conversion rate for lignin with
kinetic constants of lignin (kiignin) and cellulose
(Reeliuiose) are 1.241 and 1.029, respectively. Fur-
thermore, kinetic order found for lignin (7ignin)
and cellulose (nceiuiose) were 1.264 and 1.312, re-
spectively. This study presents that MAA pro-
cess is an effective pretreatment method to de-
grade lignin and simultaneously favouring cel-
lulose degradation.
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