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ABSTRACT 

Lignin of Cacao Peel can be used  as lignin adhesive by cooking process with sodium hydroxide 
liquid in the multifunction extractor.The  benefit  of this study isto minimize the waste of cacao peel that is 
plemtiful. Cacao peel was cleaned and  thendried and pounded. Powder of cacao peel (200 gr) is cooked 
with water at 70

O
C for an hour and then it was leaked. Sodium hydroxide liquid 1000 mL is used in 

various concentration (%); i.e : 8,10,12 and 18 for different times (60, 90, 120 and 180) min. After that, th 
mixture of cooking liquid and solid was separated to get lignin and its deposit was discard. 

The black liquor was watery ‘till pH 8-9 and then doing sedimentation by adding Chloride acid 10 % 
‘till pH reach 2-3, during 8-10 hours. Lignin that  was formed is separated and dried.  Lignin powder (5 gr) 
was mixed with 2,5 gr resorcinol and 10 mL of formaldehyde solution, agitated by adding NaOH 10 and 
50 % respectively, each of that 20 mL.until formed lignin gum. The result showed that  600 mL of black  
liquor provided 29,8 gr lignin powder and lignin adhesive; it’s adhesive capacity is 3,54 kg/sq.Cm and the 
colour is near to cacao peel ‘s colour. Furthermore, the adhesive used to make particle boards with 
various ratios of particles and adhesive lignin produces   modulus of Repture values (MOR) were 
relatively well is 85 kg /cm2. 
 
Keywords: Cacao peel,  lignin adhesive, particle board 

 

INTRODUCTION 

One ton of cacao seed produces 

approximately 10 tons fresh cacao peel. Many 

wastes of cacao peel that  were produced. One of 

the methods to solve that problem is processing 

cacao peel to become lignin product which have 

sale value that is benefcial for human. Lignin is the 

primary component  chemical’s wood besides 

cellulose and hemicellulose. The existence of 

lignin is plentiful in the world which is the second  

polymer organic component. Lignin has been 

studied as an adhesive for more than 100 years, 

but there are only a few industrial applications. The 

reason for the current interest is the high 

availability and low price of lignin (Hemmila, et.al., 

2013). Based on Research and Development 

Center, forestry department; from 20 till 60 % of 

production cost in wood industries was used to buy 

adhesives. The industrial that depend on this gum 

i.e. : plywood industry, particle board industry, 

vinir, fiber board industry and connected board. 

The most of the adhesives were obtained from 

petroleum that is non renewable. Lignin as an 

adhesive has been the subject of several reviews 

(Rowell, 2005, Pizzi 2006, Hu et al. 2011, Imam et 

al. 2012, Mankar et al. 2012). The simplest way to 

use lignin as an adhesive is to use it as a partial 

replacement for phenol in PF resins. A lot of work 

has been done on this for different lignin types and 

in various percentages and P/F ratios, and it can 

be concluded that for applications than require fast 

curing, the use of unmodified lignin is not cost-

effective (Danielson and Simonson 1998, Sarkas 

2000, Zhang 2013). Lignin is a material that is 

obtained from wastes resulted from delignification 

process of cacao peel that reacted with 

formaldehyde resorcinol to be lignin resorcinol 

formaldehyde adhesive. The objective of this study 

is to minimize dependence on adhesive demand, 

minimize environmental pollution and also to 

minimize production cost of adhesive products. We 

hope that the results of research can be developed 

in industrial scale in Indonesia  and also can create 

working field for indonesian society. Due to the 

important role of lignin in fiberboard manufacture, 

several studies have investigated the use of lignin 

as a natural adhesive and the possibility of 

replacing fibers with lignin. Angles et.al. (2001) 

tried to use lignin as a natural adhesive in 

fiberboard manufacture by adding different types of 

technical lignins. They found that replacing up to  

20% of the fibers with kraft lignin improved the 

water resistance and mechanical properties of the 

boards without significantly affecting their density.   

Subsequently, Velasquez et al. (2003) studied the 

use of untreated or unpurified kraft lignin resulting 

from the kraft pulping process to the steam 

exploded Miscanthus sinensis. 

Thus, in this study we try to put lignin from 

cacao peel with cooking liquid of sodium hydroxide 

effectively in process and use chemical agents  

efficiently and then lignin powder can be used as a 

material of lignin adhesive production. The 

adhesive that was resulted is close to the capacity 

of commercial adhesive and can be diluted using 

water. Furthermore, the adhesive can be used to 

make particle board with a raw material for various 

fiber particles. 
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MATERIALS AND METHODS 

We used cacao peel from International Coffee 

and Cacao Research Center (ICCRI) in Jember 

Regency. The variables of this study are : sodium 

hydroxide concentration (i.e. 8%, 10%, 12% and 

18 %) ; with the cooking time : (60, 90, 120, 180) 

men. Weight of cacao peel is 200 g , and oven 

temperature is 105 C degree during 2-3 hours.  We 

used the extractor, to cook and extract lignin from 

cacao peel, and dry the  lignin in the oven. 

Furthermore, particle board used to make the 

dough mixing tub, hydraulic pressing machine 

which can be arranged as well as iron rack to dry 

naturally particle board before it is put into the 

dryer. Clean the cacao peel that will be used, and 

cut to small sizes which is about 0.5-1 Cm; it was 

pounded till forms fiber, and then it was dried in the 

sun. Weight of 200 g dried fiber, cook with water 

for an hour to face the softening process. Sodium 

hydroxide solution is added to the soft fiber with 

variable concentration  (1:5), cook appropriate with 

the variable timing at temperature 100
O
C to obtain 

the black liquor; and then it is separated from its 

pulp by screening process. Black liquor that was 

obtained was diluted with water till pH  8-9, and 

then it was added with HCL 10 % till pH reach 2-3. 

Sedimentation process takes 8-10 hours, and then 

it is separated from its liquid. Drying of lignin in 

oven at temperature 105
O
C for 2-3 hours. Dried 

lignin was pounded until become powder that is 

ready for use as material of  lignin adhesive. 

Quantity of lignin powder 5 g mixed with 2.5 g of 

resorcinol and 10 mL of formaldehyde solution; it 

was agitated continuously and added with NaOH 

10 % and 60 % (20 mL respectively ) until it forms  

lignin adhesive. Furthermore, with a ratio of 

sawdust and coconut fiber with lignin adhesive (1: 

3); (1: 4); (1: 5); (1: 6); (1: 7) made of particle 

board with a certain size and analyzed Modulus of 

Repture values (MOR) on a variety of such 

comparisons. 

 
RESULT AND DISCUSSION 

Results that were obtained during the study 

have analyzed the density of black liquor and lignin 

powder quantity. 
 

 
 
 
 
 
 
 
 
 

Table 1. Data of Black Liquor toward Cooking Time and 

Concentration of cooking liquid NaOH. 

Cooking 
time, min. 

Concentration 
NaOH 

Black 
Liquor 

Lignin 
Powder 

60 8 570 28.3 
10 580 28.8 
12 575 28.5 
18 560 27.8 

90 8 550 27.0 
10 595 29.5 
12 585 29.0 
18 565 28.0 

120 8 540 27.8 
10 610 29.8 
12 590 29.3 
18 575 28.5 

180 8 525 26.0 
10 590 29.3 
12 570 28.3 
18 545 27.0 

 
Based on tabel 1, more high concentration of 

NaOH at variation of cooking time, the fewer of 
black liquor was obtained, even though at the low 
concentrations is increasing. The reason was that  
the increasing of NaOH concentration would 
scatter lignin in cacao peel. However, in the 
condition of cooking liquids of NaOH with higher 
pH, the  lignin will be ionized and  salt was formed. 
At the concentration NaOH 10 % and cooking time 
of 120 minutes, as much as 610 mL black liquor 
can be obtained, and then we can take its solid 
lignin.  

The longer the cooking time at variable 
concentrations of cooking liquid, the more lignin 
powder that can be obtained. The best result can 
be found at  cooking time of 120 minutes with a 
concentration of NaOH 10 %, which was  29.8 g. 
After that, it will decrease because the longer the 
cooking time, the lignin  separated from cacao peel 
will be dissolved and mixed with its cacao peel. 
Compared to the research from the  previous 
researchers, this study is relatively easier to 
separate lignin  from cacao peel by an earlier 
softening method of cacao peel’s material and 
adjusting pH of liquid before going to the 
sedimentation process of lignin with HCL solution 
10 %. After that,we analyzed the adhesives 
capacity of lignin adhesives, and give a result of 
3.54 kg/sq.cm, where adhesive’s colors is  dark 
brown, near to cacao peel’s color. Compared to 
the  commercial adhesive that posses an adhesive 
capacity 3.65 kg/sq.cm, the lignin adhesive 
produced by this research is nearly equal to the 
capacity of commercial adhesive. Although the 
color is still not perfect, we was  making progress 
on it. Furthermore, lignin adhesives used to make 
particle boards with various comparisons between 
a mixture of sawdust and coconut fiber with a 
number of adhesive liginin which is then analyzed 
as a value Modulus of Repture (MOR) as in the 
table below : 
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Table 2. Data  Modulus of Repture value of the ratio of 

the particle and the lignin adhesive  

Heavy 
Powder 
(gram) 

Ratio of 
particle with  

lignin adhesive   

Modukus of Repture 
(MOR)  

(Kg/cm
2 
) 

50 1 : 3   48 
1 : 4  57 
1 : 5  75 
1 : 6  85 
1 : 7  66 

 
Based on the table. 2, above it turns out that 

the more lignin adhesive are added, the greater 

the modulus of Reppture. This proves that the 

lignin fibers can replace and improve the 

mechanical properties of particle board without 

affecting the properties of density. In comparison 

the lignin adhesive and particles of 1 : 6, the value 

of a relatively good MOR is 85 kg/cm
2
. Based on 

the physical and mechanical properties of wood 

has  broken Modulus of Repture (MOR) ranges  

6.25 to 111.56   kg/cm
2
.  

 
CONCLUSION 

Black liquor can be obtained from cacao peel 
and is deposited to lignin powder that is ready for 
use as a material for adhesives production. The 
result of lignin powder is 29.8 g at concentration 
NaOH 10 % and cooking time 120 min. Adhesives 
capacity of lignin is 3.54 kg/sq.Cm, and its color 
nearly equal to the color of cacao peel. Particle 
board produced had a MOR value of 85 kg/cm

2
 

which meet SNI standards 03-21052006 for MOR 
of at least 82 kg/cm

2
. 
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ABSTRACT 

Zeolite activtion as an adsorbent of  CO2 gas from biogas has ever been conducted both chemically 
and physically. To be conducted chemically, as an activator  H2SO4 with several various concentrations 
ranging from  5% to 30% was used. Meanwhile,  in a physical way, it was conducted some calcination 
process at the temperature of 500

O
C for  4 hours. Furthermore, adsorption process was conducted by 

distributing some CO2 syntetic gas of 98,86% from the bottom part of adsorbent column with its diameter 
of 5 cms and its height of 30 cm with its  rate of  0,0022 lt / minute up to 0,0058 lt / minute. The height of 
adsorbent in the column was 28 cm and the size of zeolite was -20/+28 mesh. The research resulted in 
the best condition of chemical activation of H2SO425%  and calcination could increase its comparison 
between Si/Al 76,95% and the increase of CO2 gas absorption of CO2 75,5 % at the gas  rate penetrating 
to the adsorber of 0,0022 lt/minute. 

 
INTRODUCTION 

The waste water treatment of Vinasse from 

the fermentation industry of anaerob alcohol taken 

from the activated sludge of cow dung treatment 

can produce biogas containing methane: (CH4) 

42,89–58,06%, and carbon dioxide: 41,94%-58,11 

% (Isni  et al., 2016). The gas content of CH4 more 

than 60% can be obtained by removing CO2 gas 

using some adsorbent. Adsorbent is a material 

which is capable of adsorbing the gas based on its 

porous characteristics. This porous material was 

chosen  because its inside surface was wider than 

the outside one (Ulku and Cakicioglu, 1991). The 

use of porous material like sepiolite, silica and 

zeolite  as gas adsorbent has been very popular. 

The  combination of  Fe2O3 and Fe3O4 with 

monmorillonite to adsorb H2S gas contained in 

biogas had been conducted by (Truong and 

Abatzoglou, 2005). Meanwhile, (Cosoli et al., 

2008) used zeolit from faujasit of ,NaX and NaY as 

an adsorbent to remove H2S gas contained in 

biogas. According to (Delgado et al., 2007), to get 

rid of CO2 gas from the mixture of CH4 gas and 

CO2, we used sepiolit through pressure swing 

adsorption. Based on the former research, it was 

stated that zeolit was capable of adsorbing the 

gas. Zeolit is a compound of alumino hydrated 

silicate containing of the bond of hydrated SiO4 

and AlO4 connected by some oxygen atom to form 

a framework. Furthermore, in zeolite framework, 

each Al atom has a negative properties. This 

condition can be neutralized by using the 

exchangeable cation. These cations which are 

easily to be exchanged are available in the zeolit 

framework. This might affect to the adsorption 

process and its thermal zeolit properties (Ozkan 

and Ulku, 2008). Furthermore, the type of cation 

enabling to adsorb zeolit can also be influenced by 

the percentage of Si/Al and its geometrical pores 

of zeolit as well as its inside surface width of pores 

and its shape, (Ackley et al.,2003, Gruszkiewich et 

al., 2005). The ratio change of Si/Al from zeolit is 

capable of changing the zeolit charge, so that 

finally it can change the number of counterweight 

cation. Less Al atom means that the amount of 

zeolite containing negative charge is less so that 

the counterweight cation contained in zeolite will 

also be less than that of the high zeolite having 

hydrophobic properties and having its affinity to 

hydrocarbon. 

In line with the varieties of zeolit structure and 

its impurities available, it was suggested that 

before being used, zeolite had to be treated 

formerly which was called as activation process. In 

general, activation process to zeolit was conducted 

physically by heating it for several hours and 

chemically by using acid or base. Activation 

process of zeolite conducted chemically by using 

acid or base could be obtained that the activated 

zeolite by using acid or base would become more 

polar than that of the activated zeolite using acid 

(Jozefaciuk and Bowanko, 2002). The treatment 

using acid to the zeolit might cause the zeolite 

become more hydrophob so that its adsorption 

potency to the water would become less (Sumin, et 

al.,2009).  

Furthermore, the adsorption potency of gas 

was influenced by its adsorbent texture. Gas 

adsorption required some adsorbent of micro size 

(d  20 Å) because gas had a molecule size, that 

was < 4Å (Tagliabue et al., 2009). Adsorption 

process of gas by adsorbent was affected by the 

interaction of van der waals related to polarisability 

of molecular adsorbant and adsorbent. The wider 

the surface of adsorbent, the more often the 

interaction of van der waals will happen. This might 
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make the gas absorption become higher 

(Tagliabue et al., 2009). If the molecule size is 

compared with the size of  pore adsorbent, the gas 

will be adsorbed into the its adsorbent. This 

occasion is called sterical mechanism 

(Krungleviciute et al., 2008).  

 
MATERIALS AND METHODS 

CO2 adsorption with zeolit was conducted in a 

laboratory using some instruments such it was 

shown on Figure 1 (one) below. Adsorption 

method was conducted experimentally in 3 (three) 

steps. The first step was column design of 

adsorber having its diameter of 5 cm, height: 30 

cm and adsorbent height in the column was 28 cm. 

The second step:  zeolite with the grain size of -

20/+28 mesh was activated chemically using 

sulfuric acid with some various concentrations 

ranging from 5% to 30%. Meanwhile, the physical 

activation was conducted by calcinations at the 

temperature of 500
O
C within 4 (four) hours. The 

third step: Adsorption process was conducted by 

streaming some syntetic CO2 gas of 98,86% from 

the bottom part of adsorber containing some 

zeolite adsorbent with some variation rates ranging 

from 0.0022 lt/minute to 0,0058 lt/minute. The gas 

coming out from the adsorbent was collected in a 

gas bag to be analyzed its content of  CO2. gas. 

 
 

Figure 1. Diagram of adsorption CO2 process with 

Zeolite Adsorbent  
 

X-Ray analysis of diffraction zeolit was 

conducted in efforts to know the mineral compiler 

of zeolit. Meanwhile, the composition analysis of 

zeolit used X–Ray Fluorosence. Gas came out 

from  the adsorbent was analyzed its content using 

GC instrument. 

 

 
 
Figure 2. Diagram of zeolite activation 

 
RESULTS AND DISCUSSION 

Crystal characterization of zeolite was the 
analysis result of raw material and X-ray diffraction 
of (XRD) could be seen from the mineral kind of 
zeolite composer. 

 
Figure 3. The Analysis Result of  XRD zeolite 

 
Figure 3.above showed that the mineral 

composer of zeolite was mostly modernit and 

quartz. This might be seen from the highest peak 

of zeolite ranging from 2θ = 21,98
o
 (d = 4,04Å), 2θ 

= 25,69
o
(d = 3,47Å), 2θ = 27,74

o
 (d = 3,21θ). 

Meanwhile, the quarts mineral could be performed 

as 2θ = 26,35
o
 (d = 3,38). Furthermore, based on 

some reference that mineral modernit  had a 

specific peak field of 150 with 2θ=22,2
o 

 (d  = 

4,004Å), field of 202 with 2θ=25,63
o 

(d = 3,476Å), 

field of 511 with 2θ=27,67
o 

(d = 3,223Å). Based on 

those data, it could be concluded that the type of 

zeolite which could be used was modernit.  
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Table 1. Characterization of XRF zeolite with and 

without activation . 

 
 

 
 
Figure 4. Ratio of  Si/Al with and without activation 

 
Based on the analysis result, X–Ray 

Fluorosense (XRF) on table 1showed that zeolite 

activation resulted in the decrease of alkali metal 

content of soil and iron (Na,K , Cadan Fe). 

Meanwhile, the ratio of Si/Al tended to increase. 

Furthermore, the chemical activation process 

aimed at keeping the stability of pore structure and 

removing some alumina from its zeolite framework. 

Activation using H2SO4 might cause the decrease 

of Al content available at the zeolite caused by 

dealumination process, a process of Al release 

from its framework coming out of it. The decrease 

of Al composition of zeolite might cause the ratio 

increase of Si/Al. Moreover, Figure 4 showed that 

ratio of Si/Al without activation was 5,5 while with 

activation, the ratio of Si/Al was reaching up to 

9,73 at the concentration activator of H2SO4  25 %. 

The ratio increase of Si/Al caused the 

decrease of pore size because Si-O  chain was 

shorter than Al–O chain, so the frame size would 

become smaller. This pore decrease was also 

followed by the increase of surface width so that it 

could increase the contact between adsorbent and 

adsorbat. Furthermore, calcination aimed at 

vaporizing some bronsted-base and H2O and 

adjusting the layout of atom exchanged so that the 

stable metal oxidation could be formed. 

 

 
Figure 5. The Percentage of CO2 gas absorbed by 

zeolite to the flow rate of CO2 entering the 

adsorber. 
 

The flow rate of CO2 could affect the 

adsorption process as it was shown in Figure 5. 

This figure showed that zeolite was capable of 

adsorbing CO2. The percentage of CO2 adsorbed 

was increasing because the flow rate of CO2 

entering the adsorber was getting smaller. The 

difference of percentage increase of CO2 adsorbed 

was about 5-11%. Each rate decline of CO2 

entering the adsorber was ranging from 0,0022 

L/min to 0,0058 % L/min 

 

 
Figure 6. The Percentage of CO2 gas adsorbed by 

Zeolite to the Concentration of H2SO4 

activator. 
 

The percentage of CO2 gas adsorbed was 

increasing as the concentration increase of H2SO4 

activator. Furthermore, H2SO4 could dissolve/ 

remove some polluter covering the pores so that 

the zeolite pores made it open and its surface 

became wider. Figure 6 showed that the 

percentage of CO2 gas adsorbed by zeolite 

increased due to the concentration increase of 

H2SO4 activator and would decrease at the 

activator rate of 30%. This was due to the 

concentrated acid that might cause the amount of 
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Al dissolved so that there were number of atoms 

discharging from their frame of zeolite. This 

condition might make the zeolite structure 

damaged. Therefore, the best condition of zeolite 

activation could be obtained when the 

concentration of H2SO4 activator was 25% having 

the absorption potency to CO2 gas was 75,5%, 

with the flow rate of 0,0022 L/min. 

 
CONCLUSION 

As an adsorbent, Zeolite activation was 

conducted both chemically and physically. A good 

result of it  could be obtained well if zeolite 

treatment was conducted by using H2SO4 activator 

of 25%  and its temperature‘s calcinations of 500
0
C 

within 4 hours which could increase its proportion 

of Si/Al 76,9%. The effectiveness test of absorption 

potency of zeolite to the CO2 gas was 75,5 %  at 

the gas  rate entering to the adsorber of 

0,0022L/min. 
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Bulrush is a plant that is available abundantly however it has not been utilized well. During this time, 
it was utilized just as animal feedstock, even it is considered as weeds. Bulrush has cellulose, glucose, 
and starch content that can be used as material of ethanol production. This research was aimed to 
review hydrolysis process, fermentation process, batch distillation process, and search for alternative 
material for bioethanol production. In bioethanol making process, three processes were done such 
hydrolysis process biologically by using enzyme and chemically by using HCl.While fermentation process 
used Saccharomyces Cerevisiae and batch distillation. After those three processes were done, high level 
of bioethanol content was obtained in 95%-96% and it could be concluded  that bulrush can be used as 
alternative material of bioethanol production.   

 
Keywords:  Bioethanol, Bulrush, Hydrolysis, Fermentation, Batch Distillation  

 
INTRODUCTION 

Biomass from plants has been declared as an 

alternative raw material for gasoline fuel 

substitution in the form of bioethanol, bioethanol 

obtained from biomass and bioenergy crops has 

been proclaimed as one of the feasible alternative 

as gasoline fuel [1]. Environmental sustainability of 

bioethanol from rice straw [2]. The technology for 

lignocellulose ethanol production relies mainly on 

pre-treatment, chemical or enzymatic hyhrolysis, 

fermentation and product separation or distillation. 

An appropriate pretreatment strategy is essential 

for the efficient enzyme hydroysis of lignocellulosic 

biomass as lignin hinders the saccharification 

process. Various pretreatment approaches have 

been exploited in the past such as acid or alkali 

pretreatment, hydrogen peroxide pretreatment, 

steam explosion, liquid hot water, ammonia fiber 

expansion pretreatment, sodium chorite 

pretreatment, and biological pretreatment [3]. 

The research conducted to evaluate acid 

pretreatment from hydroside paper waste as 

material for bioethanol production, optimized 

sulfuric acid hydrolysis, fermentation process of 

hydroside acid of paper waste by using Pichia 

stipitis. The ethanol content was obtained of 

77.54%. By one more distillation process, the 

ethanol content will be obtained in the level of 95-

96% [4]. Chemical pretreatment of lignocellulosic 

biomass with Sulphuric (H2SO4) and phosphoris 

(H3PO4) acids are widely used since they are 

relatively cheap and efficient in hydrolysing 

lignocellulose, though the letter gives a milder 

effect and is more benign to the environment. 

Hydrochloric (HCl) acid is more volatile and easier 

to recover and attacks biomass better than H2SO4 

[5], similarly, nitric acid (HNO3) posseses good 

cellulose to sugar conversion rates [6]. However, 

both acids are expensive compared to sulphuric 

acid. 

Pretreatment of lignocellulose has received 

considerable research globally due to its effluence 

on the technical, economic and enviromental 

sustainability of cellulose ethanol production. This 

paper reviews know and emerging chemical 

pretreatment methods, the combination of 

chemical pretreatment with other methods to 

inprove carbohydrate preservationreduce 

formation to degradation product, achieve high 

sugar yield at mild reaction conditions, reduce 

solvent loads and enzyme dose, reduce waste 

generation [7]. Technical and economical 

avaluation of bioethanol production from 

lignocellulosic residues, case of sugarcane and 

blue agave bagasses [8]. 

Initiatives of the future for lignin in biomass to 

bioethanol, pretreatment technologies to separate 

the tree main biopolimers (cellulose, hemicellulose, 

and lignin) [9]. Pretreatment for hydrogen and 

bioethanol production from olive oil waste products 

was ethanol yield 5.4 % treatment with 1.75 w/v 

sulphuric acid and heated it at 140 
o
C for 10 min, 

and was ethanol yield 5.0 % no pretreatment [10]. 

Pretreatment followed with simultaneous 

saccharification and fermentation on bioconversion 

of microcrystalline cellulose for bioethanol 

production, the yield value of 67 % bioethanol 

bioconversion [11]. A sustainable feedstock 

bioethanol production, cellulose hydrolysis was 

microwave irradition using hydrochloric acid as 

catalyst, fermentation with yeast (Saccharomyces 

cerevisiae), modest reaction conditions (2.38 M 
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acid consentration), irradition time 7 min, and yield 

of 0,67 g glucose / g cellulose [12]. 

The glucose forming reaction from cellulose is 

as following:   

 

 

Elements contained in the lignocellulose 

biomass of the plants are usually used 

lignocellulose biomass, potential for bioethanol 

production globally. Agriculture (soft wood), 

forestry (hard wood), and industrial waste are a 

major lignocellulose biomass for bioethanol 

production. The lignocellulosic biomass is one of 

the potential main sources for economic bioethanol 

production globally. Agricultural, forestry (soft and 

hardwoods) and industrial wastes are the major 

lignocellulosic biomasses [13]. The lignocellulosic 

biomass for bioethanol production was developed 

using inhibitors-tolerant Saccharomyces 

cerevisiae, more than 4 % (w/w) ethanol 

consentration was achieved, which corresponded 

to 72.3 % theoretical yield of ethanol [14]. 

Bioethanol production using sodium hydroxide 

pretreated sweet sorghum bagasse without 

washing, ethanol theoretical yield from 44.06 ± 

0.93% to 65.14± 0.91 % [15]. 

The fermentation process is affected by 

microorganism that needs good nutrition in order to 

obtain a good result of fermentation. Proper 

nutrition to supply microorganisms is nitrogen 

which can be obtained from the addition of NH3, 

ammonium salts, peptone, amino acids, and urea. 

Liquid nitrogen that is needed is 400-1000 

gram/1000 lt.  Phosphate is needed for 400 

gram/1000 lt [16] in the fermentation process, 

glucose from fermentation process is converted 

into ethanol by the following reaction:     

 

                          

 
To increase the fermented sugar 

concentration after enzymatics saccharification, 

conversion of glucose and xylose into ethanol 

needs a new fermentation technology [17].  The 

bioethanol production from lignocellulose biomass 

using process pretreatment, hydrolysis, 

fermentation and recovery of ethanol, was 

obtained by ethanol under 16% v/v, with the 

distillation process will again be derived ethanol 

95-96% v/v. The research conducted bioethanol 

production from lignocellulose biomass by using 

pretreatment process, hydrolysis, fermentation and 

etanol recovery. Therefore, ethanol content was 

obtained in the level below 16%, and by one more 

distillation process the ethanol content would be 

obtained in the level of 95-96% v/v [18]. 

The research conducted by [19] about 

bioethanol production from agricultural waste using 

PROFER pretreatment method obtained ethanol 

content below 16%. The purpose of dilute acid 

pretreatment is the removal of hemicelluloses and 

the recovery of the sugar component. Among all 

pretreatment methods, the acid pretreatment 

methods of biomass with dilute sulfuric acid has 

long been recognized as a critical step of removing 

the hemicellulosic fraction from the lignocellulosic 

substrate to economize the biological conversion 

of cellulosic biomass to ethanol [20]. The research 

conducted by [21] about ethanol production from 

sago pith waste (SPW) using microwave 

hydrothermal hydrolysis catalyzed by carbon 

dioxide, resulted in higher energy saving compared 

to previous techniques in the absence of enzymes, 

acid or base catalyst. They obtained ethanol 

content below 15.6%.  

The production of bioethanol from cashew 

apple juice with evaluate the consentration of 

bioethanol from fermenting by microorganism 

Saccharomyces cerevisiae Y2084 and Vin 13. The 

maximum ethanol concentration achieved by 

Y2084 was 65.00 g/L and by Vin13 was 68.00 g/L, 

and fermentation time was 2 days [22]. Bioethanol 

produvtion from paper fibre residue using diluted 

NaOH and the fermentation process with 

microorganism pinicillium chrysogenum and 

Saccharomyces cerevisiae. The fermentability of 

the hydrolysate decreased strongly for hydrolysate 

produced at temperature higher than 50 
o
C, The 

ethanol consentration of monosaccharide 

hydrolysate was found to be 34.06 g/L and ethanol 

yield was 0.097 g/g [23]. Simultaneous 

biohydrogen and anaerobic fermentation with 

Immobilized sludge for production bioethanol with 

continous stired tank reaktor (CSTR), the hight H2 

production rate (10.74 mmol/h.L) and ethanol 

production rate (11.72 mmol/h.L) [24]. 

The equation (1) is a model of Differential-

Algebraic-Equations (DAEs) for simple batch 

distillation of multi-component systems, assumed 

that there is no phase which forms two liquids. The 

equation above is the forward-finite-difference, will 

be obtained bottom liquid composition (xi,j+1) as a 

function of , thus obtained as following [25]: 

    xi,j+1 = xi,j + (yi,j – xi,j)       

 

(C6H10O5)n  +  n H2O                      nC6H12O6     

Cellulose            Water                                Glucosa 

C6H12O6                           2C2H5OH    +    2CO2           

Glucosa                          Ethanol             Carbon diokside 
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Which the composition of the initial liquid at 

bottom (xi,j) and  were determined, while the 

composition of the vapor (yi,j) was calculated by 

using BUBL T equation [25]. 

Bioethanol production from lignocellulosic 

biomass involves different step such as 

pretreatment, hidrolysis, fermentation and ethanol 

recovery [26]. The technology for lignocellulosic 

ethanol production relies mainly on pre-treatment, 

chemical or enzymatic hyhrolysis, fermentation 

and product separation or distillation. An 

appropriate pretreatment strategy is essential for 

the efficient enzyme hydroysis of lignocellulosic 

biomass as lignin hinders the saccharification 

process. Various pre-treatment approaches have 

been exploited in the past such as acid or alkali 

pretreatment, hydrogen peroxide pretreatment, 

steam explosion, liquid hot water, ammonia fiber 

expansion pretreatment [27]. Bioethanol 

production from sagu pith waste (SPW) using 

Hydrolysis by carbon dioxide, a maximum of 

43.8% glucose and 40.5% ethanol yield, the 

develoved technique for SPW resulted in higher 

energy saving compared to previous techniques in 

the absence of enzymes, acid or base cataluyst 

[28]. 

Cellulosic or second generation (SG) 

bioethanol is produced from lignocellulosic 

biomass (LB) in three main steps: pretreatment, 

hydrolysis, and fermentation. Pretreatment 

involves the use of physical processes, chemical 

methods, physico-chemical processes, biological 

methods, and several combinations there of to 

fractionate the lignocellulose into its components. It 

result in the disruption of lignin seal to increase 

enzyme access to holocellulose [29, 30], reduction 

of cellulose  crystallinity [31, 32], and increase in 

the surface area [33, 34] and porosity [35, 36] of 

pretreated substrates, resulting in increased 

hydrolysis rate. In hydrolysis, cellulose and 

hemicelluloses are broken down into monomeric 

sugars via addition of acids or enzymes such as 

cellulase. Enzymatic hydrolysis offers advantages 

over acids such as low energy consumption due to 

the mild process requirement, high sugar yield, 

and no unwanted wastes. Enzymatic hydrolysis of 

cellulose affected by properties of the substrate 

such as porosity, cellulose fibre crystallinity, and 

degree of polymerization, as well as lignin and 

hemicellulose ontent [37, 38], optimum mixing [39], 

substrate and end-product consentration, enzyme 

activity, reaction conditions such as pH and 

temperature [40, 41]. 

From the previous research, it was known that 

bioethanol from cellulose resulted good bioethanol. 

The aim of this research was to search alternative 

material, review hydrolysis process, fermentation 

process, and distillation batch process to gain 

bioethanol product with high level of ethanol. The 

originality of this research was the second 

generation that was bulrush, by using three 

processes (hidrolysis, fermentation, and batch 

distillation) simultaneously and technical ethanol 

production with level of 95-96% as the substitution 

material of bioethanol.  

1. Experimental 

From the result of laboratory analysis, it was 

known that ethanol forming elements were 

cellulose, glucose and starch. The average 

concentration of cellulose was 48%, glucose was 5 

% and starch was 20%. 

 

 

 

 

 

 

 
 
Figure 1. Bioethanol production flow used hydrolysis 

process, fermentation process, and batch 
distillation 

 
The cutting of bulrush with approximately 

length of 5 cm was done in order to obtain the high 

level of glucose and cellulose during hydrolyzed 

process by bacillus and HCl. The quality of 

bioethanol product was determined by various 

influencing parameter such as the acidity (pH), the 

volume ratio of HCl to bulrush, and the volume 

ratio of Bacillus to filtrate, SC starter concentration, 

fermentation time, and batch distillation time. 

The quality analysis of raw materials and 

bioethanol product was done by laboratory 

analysis. The analysis was conducted on the 

instrumentation and gravimetric analysis by using 

Gas Chromatography (GC) and Spectrophoto-

meter, which analyzed items were the 

concentration of starch, glucose, ethanol, HCl, 

crude protein level, and N, P, K, Ca, Mg, S.  

Batch Distillation  

Bacillus, 

HCl 
Hydrolysis 

Fermentation 

Bioethanol product 

Saccharomyces 

Cerevisiae 

Bulrush 
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1.1. Procedure of Hydrolysis Process 

Hydrolysis process in Figure 1 was done in 

stable condition : temperature of 30 
o
C, water 

volume in 7 liters, and hydrolysis time in 1 hour 

with 200 rotations per minute (RPM). For the 

changing condition: bulrush weight of  50, 100, 

150, 200, 250 (grams), the ratio of bacillus to 

filtrate volume 1:2 ; 5:4 ; 10:7 and HCl solution 

volume 10, 20, 30, 40, 50 (ml). The level of 

glucose in hidrolysis filtrate yield was analyzed 

before the fermentation process was done.  

1.2. Procedure of Fermentation Process 

The addition process of citrate acid and NaOH 

to the glucose yield from hydrolysis process which 

is unqualified the requirements was done. Then 

citrate acid was added to the hydrolysis filtrate 

yield which would be fermented until reach the 

approximate fermentation acidity (pH) of 4,5. Next, 

starter was put into the solution that would be 

fermented in anaerobic condition then sealed 

tightly the bottle and observed during certain time. 

In fermentation process such Figure 1, the stable 

conditions were the temperature of  30 
o
C,  acidity 

(pH) of 4,5 ; the volume of fermentation was the 

same amount as the volume of hydrolysis process 

filtrate. The changing condition were fermentation 

time 4, 5, 6, 7, 8 (days), starter 8, 10, 12 (%), then 

the ethanol content was analyzed. 

1.3. Procedure of Distillation Process 

The yield of fermentation was put in distillation 

flask in order to obtain the ethanol from glucose. 

Batch distillation showing in Figure 1 was 

conducted on temperature of 78 
o
C, completed by 

total condensor and gas stove heating. After the 

bottom solution volume remained 10% from its 

initial volume, the distillation process was stopped 

then the ethanol content was analyzed.  

  
2. Results and Discussion  

2.1 Quality Raw Materials 

Bulrush using as a study material was derived 

from bulrush crops in the surrounding area. 

Assessment method was done by doing a survey 

and laboratory analysis to obtain some data about 

the quality and quantity of the available bulrush. 

The expected result was data about the quality and 

quantity of bulrush before processing to be an 

ethanol. 

Based on the results of laboratory analysis, it 

was known that ethanol forming elements were 

cellulose, glucose and starch. The average 

concentration of cellulose was 48.1 %, glucose 

was 4.8% and starch was 20.4%. If the entire 

cellulose can be hydrolyzed completely, it will be 

obtain the glucose levels of 53%. 

The cutting of bulrush with approximately length 

of 5 cm was done in order to obtain the high levels 

of glucose and cellulose before it was hydrolyzed 

by bacillus and HCl solution. Bulrush should be 

made in powder form, so cellulose can be 

hydrolyzed perfectly. However that process took 

an higher cost. Besides, bulrush in the powder 

form could suffer the physical destruction, thus 

causing the damage of glucose group. The drying 

process of bulrush was naturally done first in the 

room temperature. The drying process was done in 

an oven at 100
0
C for 3 hours. This was done for 

cost savings. The drying process aimed to reduce 

the water content in ethanol. Water level that was 

permitted by Standart National Indonesia (SNI) 

was 1%. 

The decreasing of pH from pretreatment 

material was affected by the addition of HCl 

volume 7%v/v because the requiring pH for 

fermentation process was 4,5. Before doing the 

hydrolysis process, the pH of filtrate was measured 

according to the terms of fermentation process that 

is approximately 4.5. To obtain pH 4.5, the addition 

of Na-OH was done if pH of the filtrate was under 

4.5 and the addition of citric acid if the filtrate pH 

was above 4.5. 

2.2 Hydrolysis Process 

In acid hydrolysis, HCl or H2SO4 was 

commonly used in certain level. Hydrolysis was 

usually done in a special tank made of stainless 

steel or copper pipe connected to the heating 

ducts and exhaust pipes in order to regulate the air 

pressure (Kuhad et al., 2010). The cellulose 

content of bulrush could be converted into glucose 

by concentrated acid  hydrolysis process with 

certain concentration.  

 

 
Fig. 2 Changes glucose contains with addition HCl 

volume in bulrush (50 gram bulrush: , 100 
gram bulrush: ■, 150 gram bulrush: ▲, 200 
gram bulrush: x, 250 gram bulrush: *) 
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Figure 2 showed hydrolysis process was done 

by the various weight of bulrush: 50 100, 150, 200, 

and 250 (grams) by the addition of the various HCl 

volumes: 10, 20, 30, 40, 50 ml. After the extraction 

process was finished thus the solid and filtrate 

were obtained. The filtrate will be processed by the 

fermentation process to obtain ethanol 

concentration and solids can be used as compost. 

The effect of pH was essential in the fermentation 

process so filtrate must be measured for pH in the 

minimum level of 3,5 until the maximum level of 

4,5, because SC can be survived on that range of 

pH. To maintain pH in 4.5, the addition of NaOH 

would be done if filtrate pH was under 4.5 and the 

addition of citric acid would be done if the pH of the 

filtrate was above 4.5. 

The effect of glucose concentration in 20 ml 

HCl volume to bulrush weight was higher, on 250 

grams bulrush and 20 ml HCl volume will be 

gained the glucose concentartion of 37,8%. 

Therefore, before fermentation process was done, 

the maximum level of optimum glucose 

concentration was 16%. If the glucose level was 

higher than 16%, the dilution would be done, if the 

glucose level was lower than 16%, the addition of 

pure glucose would be done. 

 

  

Fig. 3   Changes glucose contains with addition volume 

bacillus in bulrush, (ratio bacillus/volume filtrate 

= 1:2: , ratio bacillus /volume filtrate = 5:4: ■, 
ratio bacillus/volume filtrate = 10:7:  ▲) 

 

Figure 3 showed the effect of glucose level to 

bacillus volume. The greater amount of an 

additional bacillus volume, the greater glucose 

level would be gained. The Bacillus volume 

between 3-9 (%v/v) showed the increasing of 

glucose concentration, because that condition was 

growing phase of Bacillus, so the cellulose 

containing in bulrush turned into glucose. On the 

Bacillus volume above 9%, the graph showed 

constatnt, this was caused by the decreasing of 

Bacilus performance by time to time then they 

finally died, so it was necessary to regenerate 

Bacillus. The yield glucose concentration on 

hidrolysis process by using Bacillus was 10%, 

while by using HCl was 37%, so the glucose 

concentration by using Bacillus was lower than by 

using HCl, because chemical process for glucose 

concentration was higher than biological process, 

however biological process was more enviromental 

friendly. 

 
2.3 Fermentation Process 

The using fermentation process was the 

fermentation process which is not used oxygen, in 

other word, anaerobic process. To control the 

production of ethanol from sugar was quite 

complex because the concentration of substrate 

and oxygen influenced yeast metabolism, cell 

survival, cell growth, cell division, and ethanol 

production. The selection of a suitable SC, high 

concentration tolerance, and substrate were an 

essential point for improving the ethanol 

concentration and yield. The most important points 

in fermentation were starter preparation, 

inoculation process, until it was completely ready 

to be put into fermentation tank.  

 

 
 
Fig. 4   Changes glucose contains with fermentation 

time in bulrush (200 gram bulrush: , 250 gram 
bulrush: ■, 100 gram bulrush: ▲) 

 

 Figure 4 showed the best filtrate fermentation 

process from bulrush hydrolysis result was in 250 

grams bulrush, 8, 10, and 12 (%) starter additions 

(liquid SC), fermentation time of 4,5,6,7, and 8 

days. The addition of 10% starter of liquid volume 

showed the higher ethanol concentration than 8-

12% starter addition. Then, the remaining glucose 

level was analyzed. The addition of 10% starter 

showed the lower remaining glucose level 

compared to the addition of 8-12% starter. After 6 

days, the remaining glucose level was higher, 

because Bacillus performance became weaker 

and SC regeneration was done. After fermentation 

process was done on 250 grams bulrush, 10% SC 

starter, and 6 days, it was gained ethanol 
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concentration of 31,7%, ethanol concentration in 

our research was higher than the research 

conducting by Balat et al., (2008), Nibedita et al., 

(2012), and Saravana et al., (2014) which was 

under 16%.  

 

2.4 Batch Distillation Process 

Batch distillation process was conducted on 

temperature of 78
0
C, completed by total condensor 

and gas stove heating, after bottom solution 

volume remained 10% from initial volume, batch 

distillation was stopped. 

Table 4 showed the best result of batch 

distillation process from fermentation process was 

on 10% SC starter and 6 days fermentation time. 

After hidrolysis and fermentation process were 

done on 250 grams bulrush, 10% SC starter and 6 

days fermentation time, it was obtained 96% 

ethanol concentration and 33,3% ethanol yield. 

Ethanol concentration from our research result was 

higher than the research conducting by Alok et al., 

(2012), 77, 54% and ethanol yield resulting in our 

research was economically profitable. 

  
Table 4. Ethanol consentration and yield on 

distillation batch  

Time Starter  Etanol consentration Etanol 

fermentation SC distillation yield 
[day]     [%] [%] [%] 

4  91.5 30.5 

5  93 31.8 

6 8 94 32.3 

7  92.5 31.6 

8  91 32.3 

4  92 30.2 

5  94.5 31.8 

6 10 96 33.3 

7  95 32.6 

8  94 32.1 

4  94 30.4 

5  94.5 32.8 

6 12 95 33.1 

7  94.5 32.9 

8  93 32.6 

 

CONCLUSION 

Based on the aim of research in reviewing 

hidrolysis process, fermentation process, and 

batch distillation process, and also searching for 

alternative material of bioethanol product. The 

gaining glucose level in the hydrolysis process was 

37.8%, ethanol level in the fermentation process 

was 31,7%, ethanol level in the batch distillation 

process was 31,69%. The bulrush as material 

using to product bioethanol, ethanol concentration 

of 96% fulfilled the requirement as technical 

ethanol economically, which was 95% and ethanol 

yield level of 33,3% was enable to be 

commercialized in pilot plan scale.  
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ABSTRACT 

Good communication between buyers and sellers are important strategy for company to maintain the 
customer satisfaction, loyalty, and enhance financial performance. Complaint is a signal that indicates 
important information that needs quick response.  On the other hand, environmental problems (i.e. waste, 
unused product and limitation of natural resources) become growing concern through the decade. This 
paper proposed House of Reverse Logistics (HRL) for connecting between customer needs and 
environmental problems. HRL effectively can minimize the customer complaint. Literature showed that 
Customer Needs and Reverse Logistics (RL) are effective method to solve these problems. The design of 
HRL was adopted from Quality Function Deployment (QFD) 
 
Keywords: Reverse Logistics, Complaint, House of Reverse Logistics 

 
INTRODUCTION 

Our environment is constantly changing. 

Pollution, global warming, Natural Resource 

Depletion, Natural Resource Depletion, Loss of 

Biodiversity, Climate change, Deforestation, Ocean 

Acidification and Ozone Layer Depletion are major 

current environmental problems.  Some regulation 

released to solve these problems. For example: 

Directive 2002/96/EC on Waste Electrical and 

Electronic Equipment and Directive 2002/96/EC on 

the Restriction of the Use of Certain Hazardous 

Substances in EEE (RoHS) (Orgalime, 2006). 

To response the environmental problems, 

company needs to consider some regulations such 

as: corporate imaging, social responsibility, 

legislation, economic benefit and customer 

awareness. Focuses on customer awareness, 

companies need strategy to maintain the customer 

satisfaction and loyalty (Pokharel  and Mutha, 

2009).   

Communication between buyers and sellers is 

central to the supply chain philosophy (Ellinger et 

al., 1997). Lee et al., (2015) reported complaint is 

signaling that indicate the important information 

from customer as major indicator of customer 

dissatisfaction. If companies can be ignored the 

complaints, the migration of profitable customers 

can be minimized (Filip, 2013). Hence, companies 

need identifying the customer complaints, and need 

planning recovery strategies to maintain customer 

satisfaction and enhance financial performance 

(Varela-Neira et al., 2010; Vinodh et al., 2013; 

Cambra-Fierro et al., 2015). 

We adopted RL and QFD method to 

understanding the customer needs. Reverse 

Logistics (RL) basically not only a process of 

planning, process and implementation, but also 

controlling raw material, finished good and waste 

management. At this time, only few papers covers 

environmental issues as customer needs in QFD 

methods. QFD usually used to develop strategy, to 

help implant methods, to product development to 

develop software, to develop services and to help 

planning (Carnevalli, 2008). QFD is one technique 

to deal with customer needs and expectation 

(Dikmen et al., 2005). In other hand, QFD is 

mechanism for translating the voice of customer 

into the language of engineers (Kim and Kim, 

2009). A study from Yilmaz et al., (2016) report that 

complaint management is affected by two factors, 

namely, customer response and organizational 

learning. Further, Kuijt-Evers et al., (2009) 

concluded that QFD is effective methods to 

translate customer needs into engineering 

characteristics.  

In this research, we purpose House of 

Reverse Logistics (HRL) to understanding the 

customer perception and expectation for Reverse 

Logistics (RL) implementation. This approach 

successfully meets customer requirement 

(environmental problems especially reverse 

logistics problems) into engineering characteristics 

to develop company strategic and to maintain 

customer satisfaction and loyalty. 
 

METHODOLOGY 

The purpose of this research is to design HRL 

and attribute of customer needs and wants (RL 

Inputs, RL Process, RL Structure, RL Output and 

RL Social and Organization). The customer needs 

design was derived from QFD methods. RL 

implementation perception will added in Matrix 

WHATs. Next step is design of Technical 

Response (Matrix HOWs) to response the 

customer requirement. Furthermore, the next step 

same with design of House of Quality (HOQ). 

mailto:pulansari@gmail.com


International Seminar forResearch Month  
Innovation, Development and Utilization of Research and Community Services 

November 15
th

, 2016, Surabaya, Indonesia 
 

169 

Planning Matrix will divided into 7 steps i.e. 

Importance to customer, Customer Satisfaction 

Performance, Goal, Improvement Ratio, Sales 

Point, Raw Weight and Normalized Raw Weight. 

Finally, Technical Matrix consists of Contribution, 

Normalized Contribution and Rank 
 

RESULT AND DISCUSSION 

PCB Company is the object for this research. 

PCB Company is consumers Electronics Company. 

Line business PCB is produces electronics 

household such as: Audio Cassette Tape, Color 

TV, AC, Washing Machine, TV Rack, CD 

Replication Services, and Plastic Injection Services. 

Respondent in this survey is Akari consumers’ 

who already use the Akari household product. The 

survey was conducted in Akari-Pusat Reparasi 

Indonesia (PRI) and Association Service Center 

(ASC) to collect the criteria of customer 

requirement. Also, we discuss with customer as 

end users directly to understanding customer wants 

and needs. The highest complaints record comes 

from 1 PRI and 6 ASC. The PRI comes from 

Surabaya (PRI-Surabaya). Hence, complaints 

come from Gresik (ASC-UD.Duta Bina Teknik), 

Malang (ASC-Windra Service), Mojokerto (ASC-

Mandiri Service), Krian (ASC-Adhi Citra Elektronik), 

Pasuruan (ASC-NR Elektronik) and Surabaya 

(ASC-Yohasa Service). After conducting a series 

brainstorming sessions with RL Expert, Company, 

Service Center, Consumers, and Government 

Regulation for e-waste, we found 16
th
 most 

important complaint criteria would influence 

customers’ satisfaction of RL Implementation 

(Table 1). 

 
Table- 1. Customer Requirement 

RL 
Perspective 

 Attribute of Customer Requirement 

RL Inputs A1 
A2 

New, used products (parts) or recycled material 
Outsourcing Reverse Logistics activities 

RL Structure B1 
B2 
B3 

Locating facilities for returned used products 
Integration of collection, inspection and consolidation of used products 
Integration manufacturing and remanufacturing 

RL Process C1 
C2 
C3 
C4 
C5 

Disassembly  mechanism 
Reverse Logistics Information Technology Management 
Handling heterogeneous parts for production 
Scheduling arrivals mechanism for new modules, storing, or disposing 
Repair and after-sales service 

RL Outputs D1 
D2 
D3 

Pricing the remanufactured product 
Customer retention and satisfaction 
Enhanced service quality 

RL Social 
and 
Organization 

E1 
E2 
E3 

Company strategic and policy (include organizational slack) 
Marketing interfaces and leasing 
The Return Policy 

 
Next step is calculation the planning matrix and technical matrix.  

 
Figure-1. The planning matrix and technical matrix 
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Statistical test for questionnaire result is valid 

and reliable. The value of Cronbach’s Alpha is 

0.885. The r calculation is higher than r table 

(0.4555) with DF=15 with the confidence level at 

95%. Next step is calculation the planning matrix 

and technical matrix. 

The Relationship Matrix in Figure 1 explain 

about scale 0, 1, 3, 9, where 9 corresponds to a 

very strong relationship, 3 to a strong, 1 to a weak 

and 0 to no relationship. The rating 9 is three times 

as strong as rating 3 or nine times as strong as 

rating 1. As an example (column 1), the weighting 

of Centre of gravity is gained as follows: 

(Normalized Raw Weight x Scale) = (0.07×9) + 

(0.05x3) = 0.667. The analyses are shown in (Fig. 

1). 

The purpose of calculating the overall 

weighting is to identify those characteristics (RL 

Implementation) that are influencing the customer 

satisfaction to the greatest extent. A high overall 

weighting may preferably be gained if there is a 

strong relationship between the service 

characteristic and customer needs with a high 

customer rank. 

The purpose of this research is to fulfill the 

customer needs and wants and minimize customer 

complaint. Table 2 shows that the targets must be 

priority by company (the highest result) are 3PL 

integration and mechanism (0.20298=20,298%), 

Establish and collaborate the Reverse Logistics 

support systems (collection center, recycle center, 

disposal center) (0.11270-11,270%), 

Standardization of service mechanism (0.10270-

10,270%), Technology supporting (0.06572-

6,572%), Design the integrated management 

information systems along supply chain actors 

(0.06551-6,551%) and others > 45%. 

 
 

 

 

 

 

 

 

 

 

Table- 2. Target Priority 

 
 
CONCLUSION 

A new mechanism based on Reverse Logistics 

Systems and QFD methods has been developed to 

understanding the customer needs and wants. This 

approach will help company to understanding the 

complaint from customers. Complaint is a signal 

that indicates important dissatisfaction information. 

Also, complaints are an indicator of some 

problems. QFD will help company to priority of 

targets which has strong impact for company sales 

and performance. Based on QFD result, company 

needs to plan recovery strategies to maintain the 

customers’ satisfaction and loyalty 
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Technical Response
Contribution

Normalized 

Contribution
Targets

Regulation and support systems 0.67 0.03928 10

Technology supporting 1.12 0.06572 4

Establish and collaborate the Reverse Logistics support systems (collection center, 

recycle center, disposal center)
1.91

0.11270
2

3PL integration and mechanism 3.45 0.20298 1

Balancing the forward and reverse logistics systems 0.58 0.03419 11

Production, Planning and Inventory Control (PPIC) system for virgin material and 

secondary material
1.10

0.06456
6

 Product design and structure 0.38 0.02211 15

Managing communication along supply chain actors 1.04 0.06131 7

Design the integrated management information systems along supply chain actors 1.11 0.06551 5

Inventory control strategy 0.36 0.02132 16

Warranty product policy 0.16 0.00958 17

The location and number of service center 0.82 0.04812 9

Optimum selling price for remanufactured products 0.56 0.03317 12

Enhance customer service quality 0.56 0.03317 13

Design the information technology for better customer relations 0.19 0.01106 15

Standardization of service mechanism 1.74 0.10270 3

Good management for RL labor skills (upgrade knowledge) 0.72 0.04229 8

Remanufactured product marketing systems 0.45 0.02654 14

Product design adaptation from customer characteristics 0.06 0.00369 18
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ABSTRACT 

Some factors to be considered in bleaching process of palm oil are such as heating temperature, 
the amount of bleaching material and the duration of bleaching process itself. This was aimed at 
obtaining the clear yellow color of frying oil being produced. However, before bleaching process, palm 
oil had to be treated degumming process and neutralisaion at first. Meanwhile, as a bleaching 
material, activated trass rock of HCl was required for bleaching process. The weight of bleaching 
material was 4% of the palm oil wight with some variations of bleaching time: 15, 25, 35, 45 and 55 
minutes and its heating temperature was 240 

o
C. Furthermore, among those variations, it was known 

that the best bleaching time of 15 minutes was obtained that its red color’s intensity was 15 and 
yellow was 38,9 with its FFA of 1,44% and peroxide number was  7,30 meq O2/kg. 
 
Keywords: Trass rock, bleaching , color’s absorption, palm oil 

 
INTRODUCTION 

 If frying oil is heated for a longtime with a 

high temperature, it will make it defective. 

Therefore, in bleaching process, time and 

heating temperature must be regarded. 

Meanwhile, some factors which might affect the 

bleaching process are covering the particle’s size 

of bleaching material, the percentage between oil 

and its bleaching material, bleaching temperature 

and its contact duration between oil and its 

bleaching material (Nwabanne , 2013).  

Bleaching process is the color’s absorption 

or omission from other chemical compounds 

exists in palm oil causing some certain unwanted 

smell and taste. Therefore, bleaching process 

seems to be as a direct contact between palm oil 

and active surface which is capable of absorbing 

some unwanted particles is required (Usman, 

2013). Furthermore, Egbuna (2013) said that 

there was a bleaching material from the activated 

clay in efforts to reduce the red color’s intensity. 

Based on his experiment, it was said that this 

material could be used as a bleaching material 

having the red color’s absorption of palm oil. 

(During the bleaching process, red  color, 

peroxide and some other dirt could be removed 

from the raw material of palm oil. Therefore, after 

bleaching process completed, the color of palm 

oil produced became clearer and could increase  

its stability of production (Falaras, 2000). 

Furthermore, bleaching earth can also be used to 

remove some chlorophyl, carotenoids, 

phosphorlipids, metals and oxidation product 

from oil just by adsorption (Makhoukhi, 2009). 

However, the equilibrium achieved for bleaching 

process each oil material is different between 

one and another. For example, in an experiment 

of corn oil, the equilibrium could be achieved 

after 2 hours at the temperature of 45ºC and 

after 30 minutes of 85ºC. On the other hand, for 

the sunflower oil, the equilibrium could be 

achieved faster, at the temperature of 45ºC after 

40 minutes. Meanwhile at the temperature of 

85ºC the equilibrium could be achieved after 15 

minutes only (Christidis, 2003).Moreover, some 

certain physical characteristics dealing with 

crude palm oil to be recognized are such as its 

color, the content of free fatty acid, taste, smell 

and other chemical properties. These should be 

considered to be another parameter in efforts to 

obtain the quailed palm oil as a final product 

(Egbuna , 2013). As a vegetable oil, palm oil has 

a rich minor component of nutrient containing 

some various carotenes from 500-700 ppm. The 

highest carotenes are those of α- and β. 

Meanwhile the carotene contained in palm oil is 

about 90% from the total of all carotenes. β-

carotene is the most important factor of vitamin A 

provider. Besides, carotene takes an important 

role to prevent from cancer disease, cataract and 

other degenerative disease, like heart attack 

(Wei, 2004). As we know that palm oil is 

produced from oil taken from its flesh of fruit with 

its color of reddish orange due to its high content 

of carotenoide pigment and dirt, like free fatty 

acid (Egbuna, 2013). In line with the explanation 

above, in order to achieve the bleaching 

performance optimally and economically from 

bleaching process, we have to consider the 

following things, such as: the kind and quality of 
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oil, degumming and neutralization as well as the 

characteristics of oil being used, processing 

condition and layout of the process equipments 

required (Salawudeen, 2014). Degumming 

process is meant to omit the gum contained in 

the crude palm oil and to precipitate phosphatide 

which is not soluble in the water without reducing 

fatty acid in the palm oil. Meanwhile, 

neutralization process is aimed at reducing or 

removing the free fatty acid contained in the palm 

oil. In neutralization process, the addition or the 

concentration of NaOH solution required must be 

estimated very well so that the oil produced will 

not lose too much. The low content of water in 

the crude palm oil might cause the low content of 

free fatty acid. Meanwhile the water content 

might influence the percentage of free fatty acid 

contained in oil and this content must be reduced 

up to 0,15% until 0,25% to prevent the increase 

of free fatty acid through autocatalytic reaction, 

(Okolo, 2014). Due to the reaction between water 

and oil (trigliserida) in palm oil which might 

produce some gliserol and free fatty acid so that 

this condition might make the content of free fatty 

acid in palm oil become higher also. 

Furthermore, the raw material of oil used for 

frying oil should be that of containing much 

unsaturated fatty acids. This oil condition is 

called the healthy oil rather than that of 

containing much saturated fatty acid. Due to the 

unsaturated fatty acids contained in oil is quite 

much, oxidation will happen more easily. 

Therefore, we are suggested not to use frying oil 

time after time (many times) because it might 

make the amount of unsaturated fatty acids be 

getting less and the saturated fatty acid is getting 

more and higher. The more often the frying oil is 

used, the unsaturated fatty acids is getting less 

and the saturated fatty acid is getting more or 

higher. This condition might make its peroxide 

number of oil will also increase due to the 

repeated heating and oil runs into oxidation 

(Leong, 2012).  

This research aimed at obtaining the best 

duration condition of bleaching process of palm 

oil using the activated trass rock of HCL as a 

bleaching material. Therefore, some variations of 

experiment dealing with the duration of bleaching 

process were conducted in order to find the most 

precise  time to make the red color of palm oil be 

absorbed as much as possible. 

 

METHODOLOGY 

The main materials required in this research 

were such as the activated trass rock of HCl, 

NaOH, phosphate acid of 85% and aquades of 

crude palm oil (CPO). Meanwhile, some 

instruments required were stove/heater, tank or 

beker glass, mixer, filter paper, funnel and 

thermometer. 

This research was conducted within 2 (two) 

stages, they were preparation process of palm oil 

material and bleaching process. At first, the raw 

material of oil to be used was analyzed its 

content of free fatty acid (FFA) and its peroxide 

number to know the former quality of palm oil. 

We needed 21 liters of palm oil material for 

preparation process to obtain the same condition 

when bleaching process was conducted. Then 

degumming process was conducted to those 21 

liters of palm oil material by heating it until the 

temperature was reaching up by heating until the 

temperature was reaching up to 80
o
C. After that 

phosphate acid of 85% was added as much as 

0.15% of the palm oil weight. Then, it was stirred 

for 15 minutes. The next, neutralization process 

was conducted by reducing its heating 

temperature up to 60
o
C and some solution of 

NaOH with its concentration of 11,1% (160 Be) 

as much as 6% of the volume of palm oil was 

added and stirred for 25 minutes. After being 

cooled, it was filtered or refined to separate the 

oil from its soap. This neutralized oil was then 

analyzed its content of FFA, peroxide number 

and iod number by using titrimetri method. 

Meanwhile, for the color’s intensity employing 

lovibond method, tintometer series E was  used. 

Having the preparation process of palm oil 

material been finished, the next step was 

bleaching process. In this process, we needed 

300 grams of palm oil added with activated trass 

rock of HCL as much as 4% of the weight of 

palm oil or 12 grams of activated trass rock. This 

activated trass rock was obtained by activating 

the trass rock with HCl solution with its proportion 

1:10 for 4 hours at the activation temperature of 

105
o
C. Furthermore, in bleaching process, we 

conducted several variations of bleaching 

duration: 15, 25, 35, 45 and 55 minutes with 

heating temperature of 240
o
C. Having been 

weighed, the palm oil was put into the beker 

glass of 500 ml then heated until reaching up to 

the required temperature. Then the activated 

trass rock that had already been prepared was 
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put into this hot oil and stirred until reaching up to 

the determined time. After bleaching process 

completed, the oil was filtered to separate the oil 

from its bleaching material. After being filtered, 

the oil was analyzed for its color’s intensity by 

using lovibond method employing Tintometer test 

series E. Meanwhile, for the content of FFA and 

peroxide number, we used  titrimetri method. 

 

RESULT AND DISCUSSION 

Based on the analysis result, it was known 

that the quality of former raw material of palm oil 

before being neutralized could be seen on table 

1 below: 

 
 
 
 

Table- 1: Analysis Data of Former Palm Oil 

Material FFA 
(%) 

Peroxide Number 
(Meq O2/Kg) 

Palm Oil 5.70 12,28 

 
Furthermore, the analysis result of palm oil after 
being neutralized could be seen on table 2 
below: 
 
Table- 2. Data of the Analysis Result of Palm Oil 

After Being Neutralized  
Palm Oil  
After 
Being 
Neutraliz
ed  

Color’s Intensity FFA 
(%) 

Peroxide Number 
 (Meq O2/Kg) Red Yellow 

59 30 1,98 7,70 

 
Meanwhile, the good analysis result of palm oil 
after bleaching process could be seen on table 3 
below: 

 
                                           Table- 3. Data Analysis of Palm Oil After Bleaching Process 

Bleaching Time 
(Minutes) 

Bleaching Temperature 
(
o
C) 

Color’s Intensity Oil FFA 
(%) 

 Peroxide Number 
(meqO2/kg) Red Yellow 

15 
25 
35 
45 
55 

  15     38,9 1,44  7,30 
     16,8     48 1,34  4,89 

240     18,9     49,9 1,46  4,86 
 
 

19 
    22,6 

    59,9 
    79,9 

1,28  
1,28  

6,11 
7,00  

 

The result of neutralization process was in 

fact capable of reducing the free fatty acid and 

peroxide number contained in palm oil. This fact 

might be seen on Table 1 and 2. Based on the 

experiment, the former peroxide number was 

decreasing from 12,28 meq O2/kg to 7,70 meq 

O2/kg. Meanwhile, the free fatty acid was 

decreasing from 5,70% to 1,98%. The decrease 

of FFA was due to the reaction between FFA and 

NaOH solution resulting into soap and glycerol. 

Bleaching process of palm oil was mainly 

how the red color contained in the palm oil could 

be entirely reduced or absorbed by the bleaching 

material of activated  trass rock (as it was stated 

by Egbuna, 2013) so that the oil could turn clear 

yellow like the frying oil in general. However, 

bleaching process could also reduce the other 

unwanted materials such as FFA and peroxide 

number contained in the palm oil (See Table 3). 

The same thing was also stated by Falaras 

(2000). Furthermore, this research was trying to 

find the operation condition of bleaching process 

by seeing the effect of several variations of 

bleaching time especially dealing with the 

activated trass rock as a bleaching material. 

Having conducted some experiments, it was 

known that the duration of bleaching process in 

fact took an important role to the oil result 

obtained both dealing with the color’s absorption 

and the absorption of other elements. Figure 1 

(One) below showed several variations of 

duration effect of bleaching process to the 

absorption of red color:  

 

 
Figure- 1. The Relationship Between the Duration of 

Bleaching Process and the Intensity of Red 
Color 

 

Figure 1 above showed that the duration of 

bleaching process took an important role in the 

absorption of red color contained in palm oil. It 

was known that the low temperature with the 

longer time the absorption of red color was 

getting higher so that the intensity of red color 

seemed to be decreasing. This could happen 
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because during the bleaching process the 

equilibrium had not been achieved so that the 

absorption process was still going on. On the 

other hand, the high temperature of 200
0
C, 

220
0
C and 240

o
C, it was known that the longer 

the time of bleaching process the intensity of red 

color of palm oil tended to increase.  This might 

happen because at a certain time of absorption 

during bleaching process, the equilibrium had 

already occurred. Meanwhile, due to the time of 

bleaching process which was still going on, the 

equilibrium would turn not be equilibrate any 

more. This condition might cause the red color 

be released or absorbed again by the oil. 

Therefore, the equilibrium during the bleaching  

process was a very important thing to consider 

(Christidis, 2003). During the bleaching process, 

palm oil with the high temperature, the  

equilibrium of color’s absorption could be 

achieved faster than that of the lower one. This 

was due to the fact that oil at a high temperature, 

it was getting more aqueous or was reducing the 

viscosity of oil (Ejikeme, 2013). This condition 

might make the contact between oil and its 

surface of bleaching material. Moreover, the red 

color would be more easily to be restrained or 

absorbed on the pores of bleaching material. 

Therefore at a high temperature, the equilibrium 

of bleaching process that was achieved did not 

take a long time compared with the low 

temperature. Therefore, Figure 1 (one) showed 

that at  low temperatures of 140
0
C, 160

0
C and 

180
o
C taking a long time in bleaching process, 

the absorption of red color was getting higher. 

This condition might cause the intensity of red 

color be decreasing so that its absorption was 

not optimal. Meanwhile at a low temperature, the 

oil condition having high viscosity might cause 

the red color contained in the oil would be very 

hard to be absorbed by the activated trass rock 

as the bleaching material. Based on our 

experiment conducted, to obtain the good 

absorption of red color, the duration of bleaching 

process required was 15 minutes with the 

heating temperature of 240
o
C. In this bleaching 

process, the equilibrium of red color’s absorption 

had been reached. In this condition, the intensity 

of red color could be lowered from 59 to 15 (See 

Table 2 and 3) and the red color contained in 

palm oil could be well absorbed as much as 

74,6%. However within 15 minutes, the 

equilibrium of red color’s absorption had already 

been reached. Therefore, if bleaching process 

was still going on, the intensity of red color would 

increase again (See Table 3). This meant that 

the long duration of bleaching process would not 

provide the good result as we expected. 

Therefore, bleaching process had to be 

conducted very accurately and stopped in a 

precise time when the equilibrium of red color’s 

absorption had been reached (Nwabanne, 2013). 

 
CONCLUSION 

Based on the discussion above it could be 

concluded that duration took an important  role in 

bleaching process. However, the too long 

duration of bleaching could not provide a good 

result. Therefore, one thing to be considered was 

the equilibrium of red color’s absorption. Soon 

after this stage had been already been reached, 

we had to stop it. Furthermore, to obtain the best 

result of palm oil, the duration of bleaching 

process required was 15 minutes with heating 

temperature of 240 
o
C. In this condition, the 

intensity of red color could be reduced from 59 to 

15 and the intensity of yellow color could be 

increased from 30 to 38,9. Besides, the 

absorption of FFA could also be reduced from 

1,98% to 1,44% and peroxide number could be 

reduced from 7,70 meq O2/kg to 7,30 meq O2/kg. 
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ABSTRACT 

Lignin of Cacao Peel can be used  as lignin adhesive by cooking process with sodium hydroxide 
liquid in the multifunction extractor.The  benefit  of this study isto minimize the waste of cacao peel 
that is plemtiful. Cacao peel was cleaned and  thendried and pounded. Powder of cacao peel (200 gr) 
is cooked with water at 

70 
o
C.for an hour and then it was leaked. Sodium hydroxide liquid 1000 mL is used in various 

concentration (%) ; i.e : 8,10,12 and 18 for different times (60, 90, 120 and 180) min. After that, th 
mixture of cooking liquid and solid was separated to get lignin and its deposit was discard. 

The black liquor was watery ‘till pH 8-9 and then doing sedimentation by adding Chloride acid 10 
% ‘till pH reach 2-3, during 8-10 hours. Lignin that  was formed is separated and dried. Lignin powder 
(5 gr) was mixed with 2,5 gr resorcinol and 10 mL of formaldehyde solution, agitated by adding NaOH 
10 and 50 % respectively, each of that 20 mL.until formed lignin gum. The result showed that  600 mL 
of black  liquor provided 29,8 gr lignin powder and lignin adhesive; it’s adhesive capacity is 3,54 
kg/sq.Cm and the colour is near to cacao peel ‘s colour. Furthermore, the adhesive used to make 
particle boards with various ratios of particles and adhesive lignin produces   modulus of Repture 
values (MOR) were relatively well is 85 kg / cm2. 
 
Keyword :  Cacao peel,  lignin adhesive, particle board 

 
INTRODUCTON 

One ton of cacao seed produces 

approximately 10 tons fresh cacao peel. Many 

wastes of cacao peel that  were produced. One 

of the methods to solve that problem is 

processing cacao peel to become lignin product 

which have sale value that is benefcial for 

human. Lignin is the primary component n 

chemical’s wood besides cellulose and 

hemicellulose. The existence of lignin is plentiful 

in the world which is the second  polymer organic 

component. Lignin has been studied as an 

adhesive for more than 100 years, but there are 

only a few industrial applications. The reason for 

the current interest is the high availability and low 

price of lignin (Hemmila, et.al.,2013). Based on 

Research and Development Center , forestry 

department ; from 20 till 60 % of production cost 

in wood industries was used to buy 

adhesives.The industrial that depend on this gum 

i.e. : plywood industry, particle board industry, 

vinir, fiber board industry and connected board. 

The most of the adhesives were obtained from 

petroleum that is non renewable. Lignin as an 

adhesive has been the subject of several reviews 

(Rowell,2005, Pizzi 2006,Hu et al.2011, Imam et 

al. 2012, Mankar et al. 2012). The simplest way 

to use lignin as an adhesive is to use it as a 

partial replacement for phenol in PF resins. A lot 

of work has been done on this for different lignin 

types and in various percentages and P/F ratios, 

and it can be concluded that for applications than 

require fast curing, the use of unmodified lignin is 

not cost-effective (Danielson and Simonson 

1998, Sarkas 2000, Zhang 2013).  Lignin is a 

material that is obtained from wastes resulted 

from delignification process of cacao peel that 

reacted with formaldehyde resorcinol to be lignin 

resorcinol formaldehyde adhesive. The objective 

of this study is to minimize dependence on 

adhesive demand, minimize environmental 

pollution and also to minimize production cost of 

adhesive products. We hope that the results of 

research can be developed in industrial scale in 

Indonesia  and also can create working field for 

indonesian society. Due to the important role of 

lignin in fiberboard manufacture, several studies 

have investigated the use of lignin as a natural 

adhesive and the possibility of replacing fibers 

with lignin. Angles et.al. (2001) tried to use lignin 

as a natural adhesive in fiberboard manufacture 

by adding different types of technical lignins. 

They found that replacing up to  20 % of the 

fibers with kraft lignin improved the water 

resistance and mechanical properties of the 

boards without significantly affecting their 

density.   Subsequently, Velasquez et.al. (2003) 

studied the use of untreated or unpurified kraft 

lignin resulting from the kraft pulping process to 

the steam exploded Miscanthus sinensis.  

Thus, in this study we try to put lignin from 

cacao peel with cooking liquid of sodium 
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hydroxide effectively in process and use 

chemical agents  efficiently and then lignin 

powder can be used as a material of lignin 

adhesive production. The adhesive that was 

resulted is close to the capacity of commercial 

adhesive and can be diluted using water. 

 
METHODOLOGY 

We used cacao peel from International 

Coffee and Cacao Research Center (ICCRI) in 

Jember Regency. The variables of this study are 

: sodium hydroxide concentration (i.e. 8%, 10%, 

12% and 18 %) ; with the cooking time : (60, 90, 

120, 180) men. Weight of cacao peel is 200 g , 

and oven temperature is 105 C degree during 2-

3 hours.  We used the extractor , to cook and 

extract lignin from cacao peel, and dry the  lignin 

in the oven. Clean the cacao peel that will be 

used, and cut to small sizeswhich is about 0.5-1 

Cm; it was pounded till forms fiber, and then it 

was dried in the sun. Weight of 200 g dried fiber, 

cook with water for an hour to face the softening 

process. Sodium hydroxide solution is added to 

the soft fiber with variable concentration  (1:5) , 

cook appropriate with the variable timing at 

temperature 100 
o
C to obtain the black liquor ; 

and then it is separated from its pulp by 

screening process. Black liquor that was 

obtained was diluted with water till pH  8-9, and 

then it was added with HCL 10 % till pH reach 2-

3. Sedimentation process takes 8-10 hours, and 

then it is separated from its liquid. Drying of lignin 

in oven at temperature 105 
o
Cfor 2-3 hours. 

Dried lignin was pounded until become powder 

that is ready for use as material of  lignin 

adhesive. Quantity of lignin powder 5 g mixed 

with 2.5 g of resorcinol and 10 mL of 

formaldehyde solution; it was agitated 

continuously and added with NaOH 10 % and 60 

% (20 mL respectively ) until it forms  lignin 

adhesive. 

 
PHYSICAL  ANALYSIS 

Testing of the Adhesive capacity of Lignin 

adhesive 

We determined the adhesive capacity of 

lignin adhesive by measuring, we cut the wood to 

become two partswhich is 8 Cm x 3 Cm  and 

glued together with the lignin adhesive; it is glued 

onto position of 3 Cm x3 Cm. It is silenced until 

the adhesive dried and then it was pulled hard 

until breaks off and it’s resulted the adhesive 

capacity of the lignin adhesive is 3.54 kg/sq.Cm. 

 

LIGNIN QUANTITY DETERMINATION 

200 g of cacao peel was boiled with water 

until boiling in order to softening cacao peel and 

it’s screened. The cacao peel that it have 

softened, it have been cooked with  1 L of NaOH 

10 % for 2 hours. It’s resulted 600 mL of lignin, 

and then it was diluted with 3 L of waterand it 

was heated at 60 
o
C, it was cooled and it’s 

measured its pH is 8-9. It was deposited by 

adding 300 mL of sulfat acid. The deposit of 

lignin was dried in the oven at temperature 105 
o
C for 24 hours and it’s resulted 29.8 g. 

 

DISCUSSIONS 

Results that were obtained during the study 

have analyzed the density of black liquor and 

lignin powder quantity. 

 

Tabel 1. Data of Black Liquor toward Cooking Time 

and Concentration of cooking liquid NaOH. 

Cooking 
time, min. 

Concentration 
NaOH 

Black 
Liquor 

Lignin 
Powder 

 
60 

8 570 28.3 
10 580 28.8 
12 575 28.5 
18 560 27.8 

 
90 

8 550 27 
10 595 29.5 
12 585 29 
18 565 28 

 
120 

8 540 27.8 
10 610 29.8 
12 590 29.3 
18 575 28.5 

 
180 

8 525 26 
10 590 29.3 
12 570 28.3 
18 545 27 

 
Based on tabel 1, more high concentration of 

NaOh at variation of cooking time, fewer of black 

liquor was obtained eventhough at the low 

concentrations is increasing.It.s because of the 

increasing of NaOH concentration will scatter 

lignin in cacao peel; however at condition 

cooking liquids of NaOH with higher pH,so lignin 

will be ionized forming its salt. 
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Figure 1. Effect of Cooking and Concentration NaOH 

toward Quantity of Black Liquor 

 
At the concentration NaOH 10 % and cooking 
time 120 min black liquor 610 mLcan be 
obtained; and then we can take its solid lignin.  

 
 
 
Figure 2. Effect of Concentration  NaOH toward  

Quantity Lignin Powder at Variation 
Cooking Time 

 
The more cooking time at variable 

concentrations of cooking liquid, the more 

quantity of lignin powder that can be obtained.  

The best result can be found at the time 

cooking 120 men with concentration of NaOH 10 

% is 29.8 g, and after that it will decrease, 

because of more time in cooking, lignin that have 

separated from cacao peel will be dissolved and 

collected together with its cacao peel. 

If it was compared with previousresearcher, 

this study is relatively easy to separable lignin  

from cacao peel by an earlier softening method 

of cacao peel’s material and adjusting pH of 

liquid before sedimentation process of lignin with 

HCL solution 10 %. After that,we analyzed 

adhesives capacity of lignin adhesives, and the 

resulted adhesive capacity is 3.54 kg/ sq.Cm 

where adhesive’s colors is  dark brown near to 

cacao peel’s color. If it compared with 

commercial adhesive that posses adhesive 

capacity 3.65 kg/sq.Cm, so it’s nearly equal to 

the capacity of commercial adhesive eventhough 

its coloris not the perfect but we are making 

progress in it. 

 
CONCLUSIONS 

Black liquor can be obtained from cacao 

peel and is deposited to lignin powder that is 

ready for use as a material for adhesives 

production. The result of lignin powder is 29.8 g 

at concentration NaOH 10 % and cooking time 

120 min. Adhesives capacity of lignin is 3.54 

kg/sq.Cm, and its color nearly equal to the color 

of cacao peel. 
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ABSTRACT 

The present study was conducted to evaluate the effects of Potassium Silicate ( K2O.SiO2) for 
ameliorating positive effects of silicon on growth and yield of corn (Zea mays). Factorial completely 
randomized design Pot experiments used with Potassium Silicate applied at 5 concentrations each (0, 
125, 250, 500 and 1000 ppm) were studied. Potassium silicate ( K2O.SiO2) applied at 5 concentrations 
each (0, 125, 250, 500 and 1000 ppm) were studied. The application of potassium silicate through the 
planting medium and corn leaf. Vegetative growth including plant height, corn plant stem diameter, 
number of leaves per plant, and fresh and dry weights was also studied. Yield and its components 
were determined. Nutrient elements (Si and K) in the leaf tissue were also determined. Results 
showed that potassium silicate had advantageous effects on, plant growth and yield. K and Si in plant 
tissues (corn leaf, husk, cob and bean) increased. Application of K2O.SiO2 significantly enhanced the 
characteristics of vegetative growth and yield. Among the treatments, 500 ppm of  K2O.SiO2 improved 
GP, GR and MGT. The harmful effect of biotic/abiotic stress on vegetative growth and yield was also 
alleviated by the addition of Si which caused significant increases in plant vigour, fresh and dry 
weights, RWC and total yield. Plant health quality, represented by nutrient elements, was also 
improved by application of Si.  It is concluded that the application of Potassium Silicate ( K2O.SiO2) 
was beneficial in improving the vegetative growth, health and yield of Zea mays plants. 
 
Keywords: Potassium Silicate fesrtilizer; zea mays; growth; yield. 
 
INTRODUCTION 

Silicon is the second most abundant 

constituent in the earth’s crust (Ehrlich, 1981). It 

constitutes 27.7 % of the total weight in soil after 

the oxygen (47 %) (Datnoff and Snyder, 2001) It 

ranges from 200 to 300 g Si Kg
-1

 in clay soil and 

450 g Si kg
-1

 in sandy soils (Matichenkov and 

Calvert, 2002). Its content in soil varies from \1 to 

45 % by dry weight (Sommer et al. 2006). The 

traditional practice of collecting the ashes from 

the back yard of houses supplies not only potash 

but also silicon. Silicon is an agronomically 

important fertilizer element that enhances plant 

tolerance to abiotic stresses Liang et al. (2005). 

Silicon fertilizer has a double effect on the soil–

plant system as under. (i) Improved plant-silicon 

nutrition reinforces plant-protective properties 

against diseases, insect attack, and unfavorable 

climatic conditions. (ii) Soil treatment with 

biogeochemically active silicon substances 

optimizes soil fertility through improved water, 

physical and chemical soil properties, and 

maintenance of nutrients in plant-available forms. 

The silicas were characterised in terms of 

their chemical composition, particle size 

distribution and surface area. High values for 

specific surface area, 183.73 and 232.42 m
2
 g

-1
 

and mean particle size of 67.93 and 28.41 μm, 

were found for the potassium-and sodium-based 

silicas, respectively. The effect of Si on rice 

production was studied under conditions of soil 

samples containing low concentrations of Si, with 

addition of 0, 100, 200 and 400 kg Si ha
-1

. 

(Magale et al., 2011). 

Indonesia is the most important South East 

Asia rice producer and the East Java province is 

the  main producer (BPS, 2015). Rice husks in 

our country have begun to be regarded as an 

agro-industrial residue of importance and as a 

potential raw material for thermal and chemical 

processes, as well as a source of soluble silica. 

However, attempts to use rice husks for industrial 

purposes are still facing technical difficulties, 

mostly due to their poor protein content, low 

degradability and high mineral percentage 

(Zhang et al., 2010). 

For these reasons, if a suitable application 

could be found for residual rice husks, it could 

provide a challenging business opportunity, while 

also bringing about benefits to the environment 

and public health (Martins et al., 2007; Zakaria et 

al., 2010). At the moment, most of the rice husks 

remain unused which causes environmental 

problems, for example, emission of CO2 and long 

lasting smoke from open sky combustion and 

methane, when they are left to degrade on the 

ground (Umeda and Kondoh, 2010). 

For every 4 tons of rice, 1 ton of rice husks 

is produced. After combustion for power 

generation, 15-30% of this results in RHA 

http://scialert.net/fulltext/?doi=ja.2011.99.104&org=11#787299_ja
http://scialert.net/fulltext/?doi=ja.2011.99.104&org=11#787276_ja
http://scialert.net/fulltext/?doi=ja.2011.99.104&org=11#560450_ja
http://scialert.net/fulltext/?doi=ja.2011.99.104&org=11#560450_ja
http://scialert.net/fulltext/?doi=ja.2011.99.104&org=11#787288_ja
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(Mehdinia et al., 2011) comprising around 95% 

silica (Kermani et al., 2006). Thus, it is estimated 

that the availability of silica is around 380,000 ton 

year
-1

 in the state of RS. Previous studies have 

shown that it is possible to obtain silica from rice 

husks and Rice Husk Ash (RHA) with similar 

yields compared to other processes (Zaky et al., 

2008; Zhang et al., 2010; Lima et al., 2011). A 

simplified method of sol-gel extraction of silica at 

room temperature was also reported in the 

literature (Lima et al., 2011). 

Zaky et al. (2008) have prepared silica 

nanoparticles from RHA by employing statistical 

design to optimise the parameters affecting the 

dissolution of silica, such as stoichiometry, time 

and temperature as well as achieving efficiency 

of 99% on the extraction. Zhang et al. 

(2010) produced amorphous silica from RHA 

treated with HCl solution, obtaining surface area 

of 287.86 m
2
 g

-1
, mean particle size of 50 mm 

and 99.87% purity.  

On the other hand, silica also plays an 

important role in almost all living organisms. It is 

absorbed by the roots of plants and deposited on 

the outer walls of epidermal cells as a silica gel, 

where it acts as a physical barrier against 

pathogenic fungi and attacks by insects. 

Moreover, it reduces the loss of water through 

transpiration, stiffens the cell walls and keeps the 

leaves more erect (Nakata et al., 2008). 

 The benefits for the culture of rice include 

increased growth and production, positive 

interactions with fertilisers, as well as higher 

resistance against diseases, plagues, drought 

and salinity (biotic and abiotic stresses) (Voleti et 

al., 2008). The mechanism underlying with 

disease resistance caused by Si in plants has 

been explained in different ways, i.e. Si acts as a 

physical barrier and induces biochemical defence 

responses similar to systemic acquired 

resistance in plants (Cai et al., 2009). The 

mechanism underlying the disease reduction by 

foliar Si treatments possibly could be the physical 

barrier formed due to coating of crystals on the 

leaf surface by the spray (Guevel et al., 2007). 

Liang et al. (2005) suggested that foliar 

application of Si gave a satisfactory disease 

control probably through a physical barrier 

caused by deposited Si on leaf surfaces or an 

osmotic effect of the silicates, but was not able to 

enhance the enzymes involved in host defence 

responses. On the other hand, continuous root 

application of Si induced systemic acquired 

resistance.  

 
MATERIAL AND METHODS 

Data for this article were collected from the 

experiments was conducted in Faculty of 

Agriculture’s screenhouse University of 

Pembangunan Nasional “Veteran” East Java. Pot 

experiments were carried out in the greenhouse 

during rainy season of 2015/2016, to investigate 

the effect of silicon particles (Si) and application 

technique on germination, vegetative growth, and 

yield of corn (Zea mays ssp.) plants grown under 

dried conditions. Identical seeds were then sown 

in plastic pots (30 cm inner diameter) filled with 

20 kg clay loamy soil. Physical and chemical 

properties of the soil used in the study were 

recorded in Table 1. The experiment was 

arranged in a factorial design with 3 replications 

at K2O.SiO2 levels of 0, 125, 250, 500, 1000 ppm 

SiO2 per pot (table 2); and 2 way of their 

applicated, through the corn leaves and soil 

media.  

After sowing, irrigation was applied to supply 

seedlings with 100% available water, at 

Potassium silicates are manufactured using a 

calcination process that combines silica sand 

(SiO2) and potassium carbonate (K2CO3) at 

1100-2300°F for up to 15 minutes (Rawlyk and 

McDonald, 2001). The two substances fuse into 

glass, which can be dissolved with high-pressure 

steam to form a clear, slightly viscous fluid, or 

cooled and ground into a powder. Carbon dioxide 

is evolved from this reaction. The solution can be 

dried to form hydrous powder crystals of 

potassium silicate. 

http://scialert.net/fulltext/?doi=ja.2011.99.104&org=11#767459_ja
http://scialert.net/fulltext/?doi=ja.2011.99.104&org=11#22405_ja
http://scialert.net/fulltext/?doi=ja.2011.99.104&org=11#787297_ja
http://scialert.net/fulltext/?doi=ja.2011.99.104&org=11#787297_ja
http://scialert.net/fulltext/?doi=ja.2011.99.104&org=11#787299_ja
http://scialert.net/fulltext/?doi=ja.2011.99.104&org=11#787262_ja
http://scialert.net/fulltext/?doi=ja.2011.99.104&org=11#787262_ja
http://scialert.net/fulltext/?doi=ja.2011.99.104&org=11#787297_ja
http://scialert.net/fulltext/?doi=ja.2011.99.104&org=11#787299_ja
http://scialert.net/fulltext/?doi=ja.2011.99.104&org=11#787299_ja
http://scialert.net/fulltext/?doi=ja.2011.99.104&org=11#787278_ja
http://scialert.net/fulltext/?doi=ja.2011.99.104&org=11#787289_ja
http://scialert.net/fulltext/?doi=ja.2011.99.104&org=11#787289_ja
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Tabel 1. Physical and chemical analyses of the soil used in the experiment 
Physical properties Chemical properties 

Particle size distribution Soil pH  Cation Exchange Value 

Sand (%)  - H2O     (1:5)       :   8.1 K       (me.100 g
-1
)   0.53 

Silt (%)  - KCl     (1:5)       :   6.7 Ca     (me.100 g
-1
) 37.52 

Clay (%)  Total N   (%)  :   0.08 Mg    (me.100 g
-1

)   3.25 

Soil texture ( Clay loam ) P2O5   (ppm) : 11 CEC  (me.100 g
-1
) 27,90 

  Si            (%) : 21.2    

 
Table 2. Treatment Combination of the experiment 

Application Technique 
and Code 

Levels and Code of Treatment  
(ppm K2O.SiO2) 

Treatment Combination and Replication Code 

1 2 3 

Through  
Soil Media (P1) 

D0 =       0  P1 D0 P1 D0 P1 D0 

D1 =   125   P1 D1 P1 D1 P1 D1 

D2 =   250   P1 D2 P1 D2 P1 D2 

D3 =   500   P1 D3 P1 D3 P1 D3 

D4 = 1000   P1 D4 P1 D4 P1 D4 

Through leave  
(P2) 

D0 =       0   P2 D0 P2 D0 P2 D0 

D1 =   125   P2 D1 P2 D1 P2 D1 

D2 =   250   P2 D2 P2 D2 P2 D2 

D3 =   500   P2 D3 P2 D3 P2 D3 

D4 = 1000   P2 D4 P2 D4 P2 D4 
 

Four times after the application of Si (about 

14, 28, 42, 56 days after germination), three 

replicates were taken from each treatment, and the 

following parameters were measured:  

(a) Growth character   

 Plant height (cm); stem diameter (cm); stem 

and leaves; bark of corn plants hardness (kPa); 

cob corn plants hardness (kPa); leaves of corn 

plants hardness (kPa);  fresh and dry weights 

(g). Dry weights were recorded after oven 

drying at 70
0
C until constant weight.  Relative 

water content (RWC) was determined 

according to Bae et al. as followes: Replicates 

of leaves were weighed for fresh weight (FW) 

and immediately soaked for 4 h in distilled 

water at room temperature under constant light, 

and the turgid weight (TW) was recorded. The 

leaves were then dried at 70
0
C and weighed to 

determine the dry weight (DW). The relative 

water content was calculated by substituting the 

following equation: 

 Relative water content (%) = (FW-DW) / 

(TWDW) × 100% 

(b) Yield and its components 

 At harvest time (nearly 120 days after sowing), 

number of 100 corn seeds, silica and potassium 

contents on plant tissue (corn leaf, corn stem, 

and corn husks), .  
 

The collected data were analyzed statistically 

using factorial completely randomized design and 

analysis of variance (ANOVA) according to Gomez 

and Gomez (1984) with the aid of Statistica 

computer program. Treatment means were 

compared using the least significant difference test 

(LSD) at 5% level. 

 

RESULT AND DISCUSSION 

Effects on Morphological Characters of the Plant 

There was significant effect on growth 

parameters in crops treated with Si compared to the 

control at initial growth stage, in both root and 

foliage treatments compared to control whereas 

other tested plant growth parameters were not 

affected by K2SiO3 application (Table 1 until 3). The 

height of corn plant growth was showed non 

significant effect even at 5 - 7 weeks after 

transplanting (Vegetatif Emergence stage), and 

trend line of crop growth (Figure 1). 

The response of crops to silicon application 

in corn plant have been positively  investigated 

both in foliar and root application (Dong et al. 

1981). Silicon tends to maintain erectness of corn 

leaves and clumps there by increasing the 

photosynthesis because of better light interception. 
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Table 3. Effect of difference K2SiO3 treatment on corn plant  height 

Silicon 

treatments 

Time of observation (Day after planting) and Plant  heights (cm) 

7 14 21 28 35 42 49 

Control 44.57 66.50 95.83 132.33 167.67 209.33 233.17 

P1D1 52.23 72.57 95.73 118.67 152.33 178.67 207.17 

P1D2 53.90 74.33 102.30 139.67 174.33 210.67 250.67 

P1D3 54.83 75.60 105.37 139.10 173.67 214.33 245.67 

P1D4 51.37 75.97 105.87 141.00 176.33 218.00 234.87 

Control 46.37 68.50 98.50 142.67 176.00 139.06 228.50 

P2D1 56.07 75.57 105.00 144.67 179.33 225.17 248.83 

P2D2 52.40 76.20 103.00 141.00 173.00 216.67 244.83 

P2D3 54.23 76.67 106.03 143.67 178.33 220.33 249.50 

P2D4 54.13 75.23 102.60 133.67 170.67 208.00 228.17 

Mean of main effect 

 

Treatments 

( ppm Si ) 

Plant  heights (cm) 

7 14 21 28 35 42 49 

Silicon treatments 

    00 

  125 

  250 

  500 

1000 

LSD 5 % 

45.47 a 

54.15 b 

53.15 b 

54.53 b 

52.75 b 

1.56 

67.50 a 

74.07 b 

75.27 b 

76.13 b 

75.60 b 

2.13 

97.17 a 

100.37 b 

102.65 c 

105.70 c 

104.23 c 

2.80 

137.50 b 

131.67 a 

140.33 b 

141.38 b 

137.33 b 

4.83 

171.83 a 

165.83 a 

173.67 b 

176.00 b 

173.50 b 

6.13 

209.67 a 

201.92 a 

213.67 b 

217.33 b 

213.00 b 

8.33 

230.83 a 

228.00 a 

247.75 b 

247.58 b 

231.52 a 

10.10 

Kind of 

treatments 

Foliar treatment 

Root treatment 

LSD 5 % 

42.82a 

43.87b 

0.62 

60.83 a 

62.03 b 

0.85 

84.18 a 

85.86 b 

 1.12 

111.79 a 

117.61 b 

 1.93 

140.72 a 

146.22 b 

 2.45 

171.83 a 

180.03 b 

 3.33 

195.26 a 

199.97 b 

 4.04 

 

 
Figure 1. Trend line of corn plant height until 49 days after planting 
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Table 4. Effect of difference K2SiO3 treatment on number of corn leaves 

Silicon 

treatments 

Time of observation (Day after planting) and No. of corn leaves 

7 14 21 28 35 42 49 

Control 4 6 7 8 9 12 16 

P1D1 4 6 7 9 10 12 15 

P1D2 4 6 7 10 11 14 18 

P1D3 4 6 7 10 11 13 17 

P1D4 4 6 8 9 9 13 17 

Control 4 6 7 9 10 13 17 

P2D1 4 6 8 9 11 15 18 

P2D2 4 6 8 9 10 15 18 

P2D3 4 6 8 9 10 14 19 

P2D4 4 6 8 9 9 12 15 

Mean of main effect 

 

Treatments 

( ppm Si ) 

Number of corn leaves on observation (DAP) 

7 14 21 28 35 42 49 

Silicon treatments 

    00 

  125 

  250 

  500 

1000 

LSD 5 % 

4 a 

4 a 

4 a 

4 a 

4 a 

0.09 

6 a 

6 a 

6 a 

6 a 

6 a 

0 

7 a 

7 b 

7 b 

7 b 

7 b 

0.16 

9 a 

9 a 

9 b 

9 b 

9 a 

0.34 

10 b 

10 b 

10 b 

10 b 

9 a 

0.27 

13 a 

14 b 

14 c 

13 b 

13 a 

0.48 

16 a 

17 a 

18 b 

18 b 

16 a 

0.70 

Kind of 

treatments 

Foliar treatment 

Root treatment 

LSD 5 % 

3 a 

3 b 

 0.04 

5 a 

5 a 

0,00 

6 a 

6 a 

 0.06 

8 b 

7 a 

 0.13 

8 a 

8 a 

 0.11 

11 a 

11 a 

 0.19 

14 a 

14 a 

 0.27 
 
Table 5. Effect of difference K2SiO3 treatment on diameter of corn stems 

Silicon 

treatments 

Time of observation (Day after planting) and diameter of corn stems (cm) 

7 14 21 28 35 42 49 

Control 0.50 1.10 1.60 2.13 2.23 2.13 2.43 

P1D1 0.40 0.97 1.57 1.73 1.73 1.60 1.83 

P1D2 0.47 1.07 1.73 2.10 2.00 1.97 2.57 

P1D3 0.43 1.03 1.93 1.97 1.83 1.83 1.97 

P1D4 0.53 1.03 2.10 2.27 1.90 1.87 2.23 

Control 0.47 1.10 1.97 2.33 2.20 2.03 2.50 

P2D1 0.43 1.10 1.77 2.20 2.10 1.87 2.20 

P2D2 0.47 1.13 1.73 2.17 2.07 2.00 2.50 

P2D3 0.50 1.20 1.93 2.50 2.27 2.33 2.57 

P2D4 0.47 1.03 1.53 2.03 1.77 1.77 2.03 

Mean of main effect 

 

Treatments 

( ppm Si ) 

Number of corn leaves on observation (DAP) 

7 14 21 28 35 42 49 

Silicon treatments 

    00 

  125 

  250 

  500 

1000 

LSD 5 % 

0.5 b 

0.4 a 

0.5 b 

0.5 b 

0.5 b 

0.0 

1.1 a 

1.0 a 

1.1 a 

1.1 a 

1.0 a 

0.1 

1.8 b 

1.7 a 

1.7 a 

1.9 b 

1.8 b 

0.2 

2.2 a 

2.0 a 

2.1 a 

2.2 a 

2.2 a 

0.2 

2.2 d 

1.9 a 

2.0 b 

2.1 c 

1.8 a 

0.1 

2.1 c 

1.7 a 

2.0 b 

2.1 c 

1.8 a 

0.1 

2.5 b 

2.0 a 

2.5 b 

2.3 a 

2.1 a 

0.2 

Kind of 

treatments 

Foliar treatment 

Root treatment 

LSD 5 % 

0.39 a 

0.39 a 

 0.01 

0.87 a 

0.93 b 

 0.02 

1.49 a 

1.49 a 

 0.07 

1.70 a 

1.87 b 

 0.06 

1.62 a 

1.73 b 

 0.05 

1.57 a 

1.67 b 

 0.05 

1.84 a 

1.97 b 

 0.06 
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Table 6. Effects of potassium silicate on morphological characters of corn plant at tillering stage. 

Silicon 

treatments 

Weight of corn plant  Weight of corn cob (g) Weight of  

100 corn seed  

(g) 
Fresh 

weight (g) 

Dry weight 

(g) 

RWC 

(%) 
With cob skin 

Without cob 

skin 

Control 325.42 162.23 50.15 109.00 100.33 43.33 

P1D1 275.42 142.60 48.22 31.00 21.00 43.67 

P1D2 430.08 215.61 49.87 119.67 112.67 43.33 

P1D3 346.42 159.18 54.05 122.67 114.00 40.33 

P1D4 284.42 137.92 51.51 102.33 93.00 46.67 

P2D1 303.75 147.44 51.46 120.00 110.00 38.67 

P2D2 298.08 151.30 49.24 101.33 92.67 38.33 

P2D3 278.75 120.61 56.73 56.33 48.33 38.33 

P2D4 297.75 159.16 46.54 50.33 40.00 40.33 

Mean of main effect 
 

Treatments    

( ppm Si ) 

Weight of corn plant  Weight of corn cob (g) Weight of 

100 corn seed 

(g) 

Fresh 

weight 

(g) 

Dry 

weight 

(g) 

RWC 

(%) 

With cob 

skin 

Without cob 

skin 

Silicon 

treatments 

    00 

  125 

  250 

  500 

1000 

LSD 5 % 

356.75  

289.58 

364.08 

312.58 

291.08 

171.11 

145.02 

183.45 

139.90 

148.54 

51.89 

49.84 

49.56 

55.39 

49.03 

119.17 

75.50 

110.50 

89.50 

76.33 

 

107.33 

65.50 

102.67 

81.17 

66.50 

 

42.33 

41.17  

40.83 

39.33 

43.50 

0.60 

Way of 

treatments 
Foliar treat. 

Root treat. 

LSD 5 % 

332.35 

313.28 

163.51 

119.87 

50.76 

51.52 

96.93 

91.47 

 

88.20 

81.07 

 

43.47 

39.40 

0.24 

 
 
 
 
 
 
 
 
 
 
 

(a)                                                                                 (b) 

 
(c) 

 
Figure  2. Effect of K2SiO3 treatments on weigth of corn plant (a), weight of corn cob (b), and weight of 100 corn 

seeds (c) 
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(a) Through soil application                          (b)  Through leaf application 

 
(c) Trendline of each treatment 

Figure 3. Effect of Potassium Silicate application (through soil) on the weight of 100 corn seeds after harvesting 
 
Table 7 . Silica content on corn plant tissue after harvesting 

Treatments 
Si Content (%) on Potassium Content (%) on 

Corn stem Corn leaf Corn husks Corn stem Corn leaf Corn husks 

P1D0 0.61 2.30 0.46 1.01 2.06 0.46 

P1D1 0.88 7.11 1.74 1.77 2.11 1.18 

P1D2 1.72 8.63 1.94 1.86 2.68 1.37 

P1D3 2.97 9.46 2.42 3.10 5.70 3.12 

P1D4 3.10 10.70 3.28 4.41 5.90 3.28 

P2D0 0.35 1.51 0.78 0.56 1.48 0.84 

P2D1 0.77 1.97 0.97 0.64 2.61 2.04 

P2D2 3.08 2.84 1.24 1.16 6.18 2.54 

P2D3 5.48 7.70 1.51 1.27 9.17 2.57 

P2D4 8.80 9.69 2.04 1.42 9.66 2.61 
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(a) Effect of foliar K2SiO3 treatments on Si content   (b) Effect of K2SiO3 root treatments on Si content 

 

 

 

 

 

 

 

 

 

 

 

 

(c) Comparation Effect on Si content of corn stem   (d) Comparation Effect on Si content of corn leaves    

 

 

 

 

 

 

 

 

 

 

 

 

(d) Comparation Effect on Si content of corn husks 

 
Figure 4. Effect of K2SiO3 treatments to silica content on corn plant tissue 

 
CONCLUSION 

The depletion of available Si in soil is an 

important soilrelated factor that may be closely 

associated with progressive yield declines 

experienced in various crops, especially in the 

tropics. To date the issue of Si nutrition in crop 

production remains largely unexplored. Identifying 

and implementing strategic Si nutrition 

management strategies may play very well critical 

role in reversing declining yield trends in crop 

production. There is need for applied research to 

quantifying monosilicic and polysilicic acid contents 

to elaborate optimum Si rate and best time and 

methods of its application. This is imperative so 

that the application of Si may be one of the 

available pathways to improve crop growth and its 

production in highland or lowland areas. 

 
REFERENCE 
Cai, K.Z., Gao, D., Chen, J. and Luo, S. (2009). Probing 

the mechanism of silicon mediated pathogen 
resistance. Plant signaling and behavior. 4, 1 - 3. 

Datnoff LE, and Snyder GH. 2001.  Silicon in agriculture. 
Elsevier Publisher, London . 

Dong CT, Liu ZG, Zou BJ, Zhu C, Zhang CL, Liang W 
(1981) Effect of zinc and Silicon in increasing rice 
yield. Lianing Agric Sci 4:13–18 

Ehrlich HL 1981. Geomicrobiology. Marcel Dekker Inc., 
New York, p 393 

Gomez KA and Gomez AA. 1984. Statistical Procedures 
for Agricultural Research. John Wiley & Sons Inc., 
Singapore. 



International Seminar forResearch Month  
Innovation, Development and Utilization of Research and Community Services 

November 15
th

, 2016, Surabaya, Indonesia 
 

189 

Guével, M.H., Menzies, J.G., and Bélanger, R.R. (2007). 
Effect of root and foliar applications of soluble 
silicon on powdery mildew control and growth of 
wheat plants. Eur. J. Plant Pathol. 119, 429 - 436. 

Kermani, M., H. Pourmoghaddas, B. Bina and Z. 
Khazaei, 2006. Removal of phenol from aqueous 
solutions by rice husk ash and activated carbon. 
Pak. J. Biol. Sci., 9: 1905-1910.  

Kobraee S, Shamsi K, Rasekhi B. 2011. Soybean 
production under water deficit conditions. Ann Biol 
Res.Vol.:2(2). 

Liang, Y.C., Sun, W.C., Si, J. and Romheld, V. (2005). 
Effects of foliar- and root-applied silicon on the 
enhancement of induced resistance to powdery 
mildew in Cucumis sativus. Plant Pathol. 54, 678 - 
85. 

Lima, S.P.B., R.P. Vasconcelos, O.A. Paiva, G.C. 
Cordeiro, M.R.M. Chaves, R.D.T. Filho and E.M.R. 
Fairbairn, 2011. Production of silica gel from 
residual rice husk ash. Quimica Nova, 34: 71-75.  

Martins, A.F., A.L. Cardoso, J.A. Stahl and J. Diniz, 
2007. Low temperature conversion of rice husks, 
eucalyptus sawdust and peach stones for the 
production of carbon-like adsorbent. Bioresour. 
Technol., 98: 1095-1100.  

Mehdinia, S.M., P.A. Latif, A.M. Abdullah and H. 
Taghipour, 2011. Synthesize and characterization 
of rice husk silica to remove the hydrogen sulfide 
through the physical filtration system. Asian J. Sci. 
Res., 4: 246-254.  

Magale K.D. Rambo, Andre L. Cardoso, Daiane B. 
Bevilaqua, Tiele M. Rizzetti,, Lucelia A. Ramos, 
Gaspar H. Korndorfer and Ayrton F. Martins, 2011. 
Silica from Rice Husk Ash as an Additive for Rice 
Plant. Journal of Agronomy, 10: 99-104. 

Matichenkov VV, Calvert DV (2002) Silicon as a beneficial 
element for sugarcane. J Am Soc Sugarcane Technol 
22:21–30 

Nakata, Y., M. Ueno, J. Kihara, M. Ichii, S. Taketa and S. 
Arase, 2008. Rice blast disease and susceptibility to 
pests in a silicon uptake-deficient mutant lsi1 of rice. 
Crop Prot., 27: 865-868.  

Rawlyk D, and McDonald M. 2001. Potassium silicate-
based drilling fluids: an environmentally friendly drilling 
fluid providing higher rates of penetration. 
CADE/CAODC Drilling Conference, October 23-24. 
Calgary, Alberta Canada. 

Sommer M, Kaczorek D, Kuzyakov Y, and Breuer J. 2006. 
Silicon pools and fluxes in soils and landscapes-a 
review. J Plant Nutr Soil Sci 169:310–329 

Umeda, J. and K. Kondoh, 2010. High-purification of 
amorphous silica originated from rice husks by 
combination of polysaccharide hydrolysis and metallic 
impurities removal. Ind. Crops Prod., 32: 539-544. 

Voleti, S.R., A.P. Padmakumari, V.S. Raju, S.M. Babu 
and S. Ranganathan, 2008. Effect of silicon 
solubilizers on silica transportation, induced pest 
and disease resistance in rice (Oryza sativa L.). 

Crop Prot., 27: 1398-1402.  
Zakaria, Z., M.A. Mohd Ishak, M.F. Abdullah and K. 

Ismail, 2010. Thermal decomposition study of 
coals, rice husk, rice husk char and their blends 
during pyrolysis and combustion via 
thermogravimetric analysis. Int. J. Chem. Technol., 
2: 78-87. 

Zaky, R.R., M.M. Hessien, A.A. Midany, M.H. Khedr, 
E.A. Abdel and K.A. Barawy, 2008. Preparation of 
silica nanoparticles from semi-burned rice straw 
ash. Powder Technol., 185: 31-35.  

Zhang, H., X. Zhao, X. Ding, H. Lei and X. Chen et al., 

2010. A study on the consecutive preparation of D-
xylose and pure superfine silica from rice husk. 
Bioresour. Technol., 101: 1263-1267.

 

 
 

 
 
 
 
 
  




