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Biogas is an alternative energy that can be produced from various biomass, sago solid waste is one of them. Sago
solid waste was obtained from processing sago stems into sago starch. Sago solid waste should be treated to sep-
arate lignocellulose that can be used as raw material for biogas production. In this study, pre-treatment was done
to anaerobic fermentation. Physical pre-treatment was done by milling the biomass into small pieces. Chemical
pre-treatment was done by using NaOH solvent, and biological pre-treatment used a microbial consortium. Char-
acterization of pretreated sago solid waste was analyzed with Scanning Electron Microscopy (SEM) combined with
Energy Dispersive X-Ray (EDX) for inorganic element composition analysis. The functional group changes were
characterized by Fourier Transform Infrared (FTIR) and lignocellulosic composition was analyzed by the Van Soest
method. The analysis of results showed that chemical and biological pretreatment significantly degradation ligno-
cellulose than other methods based on morphologies of sago hampas granules. The biological pre-treatment was
capable of degraded lignin up to 3.47% and hemicellulose 8.01%.
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INTRODUCTION Table 1: Contents of sago solid waste
Indonesia is one of the countries having the largest c il p N %
sago plantation in the world. The Plantation Statistic of omponen ercentage (%)
Indonesia recorded the vast of sago plantations up to

2017 reached 219.978 ha with the production total was Starch 65,7
487.643 tons [1].Those plantations widespread in some Crude Fiber 14,8
areas, which were Sumatera 106.179 ha (Aceh, Riau, -

and Riau Island), Kalimantan 9.181 ha (West Kaliman- Protein 1

tan, South Kalimantan and East Kalimantan), Maluku Fat 0,20

and Papua 87.264 ha (Maluku, North Maluku, Papua Ash 41

and West Papua), and Sulawesi 17.354 ha (Central Su- .
lawesi, South Sulawesi, West Sulawesi and South East Water 59,1
Sulawesi). Source: [6]

The sago plantation area in South Sulawesi is 3.896 ha
with production total is 2.560 t and the productivity is
1.217 kg/halyear [1] they were potentially grown as new
foods of rice replacement. Sago can to produce about
200 kg of wet sago flour every year and dried starch 25
ton/ ha with carbohydrate 84.7 g per 100 g of materials
[2]. The sago starch could be got from the extraction. The
extraction method is divided into two methods, such as
traditional and modern methods. The principles of those
sago extraction methods are similar, thus the difference
lays on the operation scale [3] and the technology on the
extraction process [4].

The extraction process is proceeded through some pro-
cesses, which are mature sago trees to be cut down, split
and skinned, the sago stems are shredded and extracted
to be drawn aside the sago starch, dried up and packed
[5]- The extraction process of sago starch is using a lot of
water so is producing wastewater and solid waste. The
solid waste is the pith of sago fibrous (sago solid waste)
and sago bark.
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Table 1 showed the contents of sago solid waste for
65.7%, with the residue contents are crude fiber, protein,
fat, ash, and water.
Table 2: Physical and chemical characteristics
of sago solid waste

Parameter Composition
Nitrogen total (%) 1,66
P,O, (%) 0,04
C-Organic (%) 33,01
Ratio C/N 20
Calsium (ppm) 27716
Magnesium (ppm) 4247
Sulfur (ppm) 743

Source: [7]

Table 2 showed the result of the study that the dried
sago solid waste still contains high C-organic 33.01%
[7], while the lignin residue in the wet sago solid waste
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is 21%, cellulose 20%, the residu is mineral, extractive
substance, and ash [8]. The content of sago pulp is stud-
ied by Linggang [9] and the resulted is sago solid waste
contained starch 58%, cellulose 23%, hemicellulose
9.2% and lignin 3.9% got from the hydrolysis process
using cellulolytic enzyme.

The composition of lignocellulose in the sago solid waste
is high enough to affect the environmental damage bur-
ied for a long time will create a stink and allow the leach-
ate water flow to the waters. Utami et al., [10] reported
that the composition of lignocellulose of sago is high,
which is cellulose 11%, hemicellulose 7.6%, and lignin
12%. The potency of sago solid waste contained in the
lignocellulose can be used further as other products: as
the materials to create bioethanol [11], as absorbent of
heavy metal in the wastewater treatment [12], medium
of fungus growth [13], the materials of making the sin-
gle-cell protein [14], and its potency as energy source
[15].

The main components composing the lignocellulose are
lignin, cellulose, and hemicellulose. Lignin is the natural
polymer as the binding-material of cellulose and hemi-
cellulose so that creating the strong and hard stem struc-
tures. That is the reason why the sago solid waste before
converted to biogas needs delignification to degrade cel-
lulose form sugar [16]. The delignification is a process
to decide the lignin bound of biomass and affect the lig-
nin structure damaged until cellulose and hemicellulose
bonded in the lignocellulose can be released [17].

The conversion of sago solid waste by biogas needs pre-
treatment to damage the lignocellulose structure so then
the enzyme was easy to work in the hydrolysis process.
The pretreatment method refers to the use of physically,
chemically and biologically. The various types of physical
pretreatment such as crushing and grinding to increase
the particle sizes [18]. Chemical pretreatment using a
base solvent [19, 20, 21, 22] and acid solvent [23, 24]
that can damage the bounding in lignocellulose.

Physical pretreatment using mechanical comminution to
reduce the particle size and crystallinity [25, 26], by radi-
ation can decrease the composition of lignin and hemi-
cellulose [27, 28, 29]. The biological pretreatment using
fungus [30, 31, 32], using microbial consortium [33], and
enzymatically [34, 35] can degrade the lignin and hemi-
cellulose but the cellulose is degraded because more re-
sistant to microorganism [36].

Lignocellulosic characteristics of biomass are import-
ant in anaerobic digestion because it can affect the vol-
ume of biogas produced. This research focuses on the
pretreatment effect of sago solid waste as biomass for
anaerobic digestion. This study determines the proper
method of pretreatment of sago solid waste to produce
optimal biogas.
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MATERIALS AND METHODS
Materials

The sago solid waste was taken from Luwu District,
South Sulawesi. The wet sago solid waste was gained
from sago processing washed and separated from the
contaminant before treatment. The pretreatments of
sago solid waste for lignocellulose biodegradation were
done by chemically, biologically, and physically [37].

Figure 1. Samples of sago solid waste

Pretreatment of biomass

Chemical pretreatment used base solution. The base
solution NaOH used in this research to study the effect
of chemical pretreatment because effective for lignocel-
lulose biodegradation [38, 39, 40]. The sago solid waste
was weighted at 125 g and added into 250 mL of the
NaOH 0.5 M. The sago solid waste was stirred evenly
still submerged and then stored at room temperature for
48 hours.

The microbialconsortium used for the biological pre-
treatment [41]. The experiment was started by dissolved
100 g of consortium microbe into 1000 mL of solution and
stored at room temperature for 24 hours. The sago solid
waste was weighted at 125 g and mixed into 250mL of
consortium microbe. The mixing solution stored at room
temperature for 48 hours.

The physical pretreatment was done by grinding the
sago solid waste to increase the size of the particle sur-
face area of crystalline [42]. The sago solid waste was
weighted at 125 g and added into 250 mL of solution.
The sago solid waste blended at average speed and
kept at room temperature for 48 hours.

Lignocellulose characterization

FTIR is used for the investigation of a functional group of
macromolecules. The change in the functional group of
the sample was characterized by FTIR. The spectra of
the sample were collected from 4000-200 cm™* by Per-
kin Elmer Type Frontier (SNI 19-4370-2004 method).
The sago solid waste were dried at room temperature
and weighted at 2 mg mixed into 200 mg KBr. The mix-
ing samples were blended and homogenized, and then
compacted and measured by spectrometer FTIR [43,
44]. The number of points at 3601 with the interval data
1 cm?up to 400 cm™.

The morphology analysis of sago solid waste was ob-
served using Scanning Electron Microscope [45, 46] and
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combination with Energy Dispersive X-Ray Spectros-
copy (EDX) to determine the composition of inorganic
elements and compounds in the material. The morphol-
ogy surfaces were characterized using Au. A Jeol (model
JSM-6510 LA) at 500-5000x magnification and the per-
centage composition of elements and compounds was
weight at 3000x magnification by the counting rate of
2084 cps on the energy range 0-20 KeV.

The composition of lignin, cellulose, and hemicellulose
on the sago solid waste was analyzed using the Van
Soest method (1970) with H,SO, 72%. The effect of dif-
ferent pretreatment methods on the composition of lig-
nin, cellulose, and hemicellulose was analyzed using
linear regression analysis.

RESULTS AND DISCUSSION
FTIR analysis

FTIR analysis was used to investigate the degradation
in the functional groups on lignocellulose caused by pre-
treatment on the samples. The peaks intensities creat-
ed on the FTIR spectrum showed the specific functional
group on organic compounds [47]. Figure 2 shows the
FTIR analysis before and after pretreatment.
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Figure 2: FTIR comparative spectra of sago solid waste:
(a) before pretreatment, (b) biological pretreatment,
(c) chemical pretreatment, (d) physical pretreatment
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FTIR spectra showed two groups of peak intensities,
which were the wavenumber with the low on 1650-1600
cm?, and wavenumber with high on 3500 — 2900 cm™.
The similarity on the spectrum showed that the changes
in the functional group were due not so different pretreat-
ment, some spectrums appeared on certain wavenum-
ber that showed delignification.

Table 3 showed the infrared absorbance area of sago
solid waste before and after pretreatment. The wave-
number area was shown before and after pretreatment
appearance at wavelength 3397.47; 3423.37; 3430.25;
and 3565.65 cm?, showed the organic functional group
for O-H stretch (alcohol and phenol) that were available
on lignin; C-H for alkyl group that was corresponds to
an cellulose structure at wavelength 2929.38; 2933.10;
2929.78; and 2930.19 cm™[42, 43, 47, 48]. The peak
values wavenumber appeared on the area 1636.40;
1640.85; 1637.83; and 1638.44 cm for group C=C ar-
omatic, and wavenumber for group C-O symmetric lig-
nin, cellulose, and hemicellulose on the areas 1028.63;
1027.98; 1032.07; and 1036 cm™.

The peak values at area 1432.49 and 1402.63 cm?
showed the group deformation —CH, on lignin and cellu-
lose [49]. This wavenumber area just appeared on bio-
logical and physical pretreatment. The peaks on that area
were caused by the binding extension of phenol-ether on
lignin [50] and the breakage of hemicellulose from lignin
[51]. A strong absorption was seen around 1152.79 cm?
on the biological pretreatment which is assigned for group
C-O-C asymmetric to cellulose and hemicellulose due to
lignin degraded [52].

The peak value appeared on 1373.64 cm* showed meth-
yl group (-CH,) caused by the lignin degraded becoming
cellulose and hemicellulose [48, 52, 53] due to the usage
of NaOH on the chemical pretreatment. The degradation
was strengthened by the wavelength that appeared on
1152.43 cm* for the group of C-O-C asymmetry on the
bonds of lignin-cellulose and hemicellulose-lignin. The
displacement of wavenumbers showed that alteration
in lignocellulose caused by pretreatments. Lignin was a
protection layer of cellulose that had to be eliminated be-
cause could disturb the microorganisms in the process of
biogas production.

Table 3: Infrared absorbance area of sago solid waste before and after the pretreatment

Wavenumber (cm?) ]
- - - - Functional group
Before pretreatment | Chemical | Biological | Physical

3397.47 3423.37 | 3430 .25 | 3565.65 O-H stretching
2929.38 2933.10 | 2929.78 | 2930.19 C-H stretching
1636.40 1640.85 | 1637.83 | 1638.44 C=C aromatic

- - 1432.49 | 1402.63 | -CH,deformation

- 1373.64 - - -CH,

- 1152.43 | 1152.79 - C-O-C asymmetric
1028.63 1027.98 | 1032.07 1036 C-O symmetric
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Analysis of lignocellulose morphology
using SEM-EDX

The sago solid waste pretreatment caused the chang-
es from the structure of morphology lignocellulose. SEM
analysis was used to see the changes of sago solid
waste morphology before and after the pretreatments
combined with EDX. The compositions of compounds in
the samples were viewed and analyzed using EDX. Fig-
ure 3 showed the sago solid waste morphology before
and after pretreatment. The sago solid waste morpholo-
gy before pretreatment (Fig.3a) smoother, poreless, egg-
shaped and irregular as well as the sago starch granule
found from Leyte, Philippines which came in the egg-
shaped as the chime [45], and the sago starch extract-
ed from sago pith waste (SPW) [54]. The pretreatments
given on the sago solid waste caused the changes in
morphology structures.

The sago solid waste morphology after chemical pre-

Figure 3: SEM of sago solid waste with magnification
1000x on various treatments: (a) before treatment,
(b) chemical pretreatment, (c) biological pretreatment,
(d) physical pretreatment

treatment (Fig.3b) became opened and the surface was
perforated with more well-ordered shaped and rough.
The morphology change was caused by the NaOH ad-
dition lignin degraded on the crystalline and amorfthen
separated cellulose and hemicellulose from the bond of
lignin [52]. Figure 3c showed the morphology of sago
solid waste after biological pretreatment. The morphol-
ogy resulted in the picture showed the irregular surface
and some parts having rough surface caused by all parts
of lignocellulose were not degraded. The microorganism
used to degrade lignin and hemicellulose was more re-
sistant to the activities of microorganisms so there was a
small amount of degraded cellulose [36].

Figure 3d showed the morphology of sago solid waste
after physical pretreatment. Physical pretreatment was
done using a blender to reduce the size of sago solid
waste particles to facilitate the process of lignocellulose
degradation [54]. The morphology of sago solid waste af-
ter pretreatment showed a very irregular, rough surface,
but still some smooth surfaces. The particle size not to
be the same size caused by the process of crushing with
a blender caused there are still some parts with large
particle sizes.

Table 4 showed the composition analysis of the com-
pounds contained in the sample using EDX. The main
component in the sample before and after pretreatment
showed an increase of carbon concentration with a level
of 80.00; 80.40; 94.83; and 90.78% followed by decrease
SiO, concentration of 18.02; 15; 2.80; and 7.65%. Macro
and microelements found in the bark are absorbed from
soil nutrients, such as Ca, Mg, Al, and Na. Chemical-
ly treated samples produced NaOH compounds which
showed that was still a residual solvent used to degrade
as much as 4.19% lignin that was not found in the sam-
ple with other treatments. While biological pretreatment
produces Na,O compounds as much as 0.26%. This
showed that the microorganism used can break the bond
of lignin and the Na* ion will bind to lignin.

Tabel 4: Results of EDX analysis of sago solid waste before and after pretreatments

Before | chemical Biological | Physical
Compound pretreatment o o
(%ow) (Yow) (%ow) (%ow)
Carbon, C 80.00 80.40 94.83 90.78
Sodium, Hydrokxide,
NaOH i 4.19 i i
Silica Dioxide, SiO, 18.08 15.00 2.80 7.65
Calsium Oxide, 1.31 0.41 2.11 1.57
CaO
Alumina, ALO, 0.24 - - -
Magnesium Oxide,
MgO 0.37
Natrium Oxide,
Na,0 - - 0.26 -
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Lignocellulose analysis

The content of cellulose and hemicellulose sago solid
waste increased after pretreatment, while the lignin con-
tent decreases. Table 5 shows the results of the ligno-
cellulosic analysis of sago solid waste before and after
pretreatment.

Very large decrease in lignin content occurred in bio-
logical pretreatment as much as 3.47% and decreased
hemicellulose content as much as 8.01%, while cellulose
content increased as much as 7.62% lower than other
pretreatments. The microorganisms work caused by
specifically degrade lignin and hemicellulose but only a
small portion of cellulose can be degraded due to the
nature of cellulose that was resistant to microorganisms
[36].

The effect of giving sago solid waste pretreatment to
changes in lignocellulosic composition showed based on
the results of testing using linear regression.

F test results obtained calculated F value for lignin and

L

hemicellulose at 35,178 (Table 6) and 13,598 so that
when compared with the F value of the interpolated ta-
ble, which is 4.75, the calculated F value > F table.

The calculated F value for lignin is 35,178 > 4.75 for the
F table, while the calculated F value for hemicellulose is
13,598 > 4.75. This showed that the regression equation
is stated to be meaningful.

Similarly, by comparing the standard significant value
with the significant value of the analysis results, obtained
significant levels of lignin and hemicellulose are smaller
than the standard significant value, which was 0,000 < 0.05
for lignin and 0.002 < 0.05 for hemicellulose (Table 7).
The results showed that there was an effect of pretreat-
ment on changes in the composition of lignin and hemi-
cellulose sago solid waste and were very significant and
considerably different.

F test results showed for cellulose are different from lig-
nin and hemicellulose. The calculated F value obtained
1.751 value is smaller than the F value of table 4.75 (F

Table 5: Lignocellulosic analysis of sago solid waste before and after pretreatments

Compound pretBrS;?trn?ent Ch?(;gical Bioég)/(g);)ical Ph()(/;)i)cal
(%)

Lignin 6.26 5.36 273 5.68

Cellulose 12.08 30.40 | 19.74 | 30.72

Hemicellulose 12.83 14.58 4.84 13.92

Table 6: Regression analysis of sago solid waste
pretreatment on lignin composition

ANOVAP
Model Ssquurgrgg df S'\(/qlﬁzrr]e F Sig.
1 [Regression | 21.177 | 1 | 21.177 | 35.178 | .0002
Residual 8.428 (14| .602
Total 29.605 | 15

a. Predictors (Constant): Pretreatment

b. Dependent Variable: Lignin

Table 7: Regression analysis of sago solid waste
pretreatment on hemicellulose composition

calculated 1.751 < F table 4.75). This showed that the
regression equation becomes meaningless (Table 8)
likewise, the comparison of significant values.

The significant value of the calculation result was greater
than 0.207 compared to the standard significance value
used of 0.05. This showed that the pretreatment does
not significantly affect cellulose changed composition.

F test results showed for cellulose are different from lig-
nin and hemicellulose. The calculated F value obtained
1.751 value is smaller than the F value of table 4.75 (F
calculated 1.751 < F table 4.75). This showed that the
regression equation becomes meaningless (Table 8)
likewise, the comparison of significant values.

Table 8: Regression analysis of sago solid waste
pretreatment on cellulose composition

ANOVAP ANOVAP
Sum of Mean . Sum of Mean .
Model f F .
Model Squares df Square F Sig. ode Squares d Square Sig
1 [Regression | 121.377 | 1 | 121.377 | 13.598 | 0022 1 [ Regression | 108.601 [ 1 | 108.601 | 1.751 | .2072
Residual 124962 | 14| 8.926 Residual 868.341 | 14 | 62.024
Total 246.339 | 15 Total 976.942 | 15
a. Predictors (Constant): Pretreatment a. Predictors (Constant): Perlakuan
b. Dependent Variable: Hemiselulosa b. Dependent Variable: Selulosa
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The significant value of the calculation result was great-
er than 0.207 compared to the standard significance
value used of 0.05. This showed that the pretreatment
does not significantly affect cellulose changed composi-
tion.

CONCLUSION

Lignocellulose degradation to separate lignin, cellu-
lose, and hemicellulose needs to be carried out before
converted into biogas. FTIR results showed changes
in wavenumber absorption in biological and chemical
pretreatment which shows the deformation of the -CH,,
CH, groups in lignin and cellulose, as well as C-O-C
groups for cellulose and hemicellulose. The results of
SEM-EDX analysis showed that the morphology of sago
solid waste after pretreatment had a rougher, opened,
and perforated surface but left the NaOH compound for
chemical pretreatment and Na,O for biological pretreat-
ment. The results of the analysis of the composition of
lignocellulose showed a decrease in lignin and hemicel-
lulose content of 3.47% and 8.01%, and cellulose con-
tent increased by 7.62%, 18.29%, and 18.60%. Although
chemical, biological, and physical sago solid waste pre-
treatment has been shown by the results of the analysis,
further research is still needed to obtain information on
the conditions of pretreatment that can provide the most
effective results to increase biogas production.
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