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The Effect of Amount of Powdered Activated Charcoal (PAC) on Purification of Raw
Sago Sugar

Nurulain Shafira Binti Kamaruzaman
Faculty of Resource Science and Technology
ABSTRACT

Sago starch, Metroxylon sagu, is used for the production of glucose which is
potentially viable as the new source of commercial sugar through enzymatic hydrolysis of
sago starch into sugars. The production of sugar was performed in 1L lab scale vessel from
sago starch. The starch was enzymatically hydrolysed for 26 hours (2 hours for liquefaction
and 24 hours for saccharification). The hydrolysate was purified by filtration using different
amount of powdered activated charcoal (PAC) of 1g,3 g, 5 g, 8 g, and 10 g while the sugar
concentration were measured based on dextrose equivalent (DE). For filtration under
gravity, the highest sugar recovery was obtained by using 5 g of PAC which yield 228.01
g/L lead to 71% of DE. The lowest sugar recovery obtained is filtration by 10 g of PAC lead
to 89.78 g/L and 28% of DE. Instead of that, filtration by pump shows filtration by 1 g of
PAC yield higher sugar recovery of 173.88 g/L (87%) but least sugar recovery by 10 g of
PAC (23% DE). This experiment shows that filtration by pump is more economical in
shorten filtration time which can produce 1 tonne of sugar per day in sugar industrial.
Therefore, the production of sago sugar is more economical than sugar cane as it provide
anti-flavonoid properties.

Keywords: enzymatic hydrolysis, Metroxylon sagu, PAC, dextrose equivalent (DE).
Abstrak

Kanji sagu, sagu Metroxylon telah digunakan dalam penghasilan glukos di mana ia
berpotensi sebagai sumber baru dalam mengkomersialkan gula melalui hydrolisis enzim
daripada kanji sagu kepada gula. Penghasilan gula dijalankan di dalam 1L vessel berskala
makmal daripada kanji sago. Kanji telah dihidrolisis selama 26 jam (2 jam untuk pencairan
dan 24 jam untuk pensarafikasian). Hidrolisat ditapis menggunakan serbuk arang aktif
(PAC) dalam kuantiti yang berbeza iaitu 1 g, 3 g, 5 g, 8 g, dan 10 g sertakepekatan gula
diukur bedasarkan Kesamaan Dextrosa 8E). Untuk penapisan bagi graviti, penemuan gula
tertinggi diperolehi dengan menggunakan 5 g PAC di mana ia menghasilkan 228.01 g/L
menyumbang kepada 71% DE. Penemuan gula yang terendah diperolehi daripada penapisan
menggunakan 10 g PAC iaitu 89.78 g/L dan 28% DE. Selain itu, penapisan menggunakan
pam menunjukkan penapisan menggunakan 1 g PAC menghasilkan penemuan gula paling
tinggi dengan 173.88 g/L (87%) tetapi penemuan gula paling rendah adalah 10 g iaitu 23%
DE. Experiemnt ini menunjukkan bahawa penapisan menggunakan pam sangat
menguntungkan dengan mengurangkan masa yang diambil untuk penapisan di mana ia
dapat menghasilkan 1 ton gula sagu dalam sehari dalam industri gula. Namun begitu,
penghasilan gula sagu sangat menguntungkan daripada penghasilan gula tebu kerana ia
menyediakan ciri-ciri anti flavonoid.

Kata kunci: Hidrolisis enzim, glukos, sagu Metroxylon,serbuk aktif arang (PAC), kesamaan
dextrose (DE).



1.0 INTRODUCTION

1.1 Background of Proposed Study

Metroxylon sagu (sago palm) as in Figure 1 has long been considered as one of the
oldest sources of food for humans because of the presence of huge amounts of starch in its
trunk. Sago palm is an important food source in Papua New Guinea, Malaysia and
Indonesia (Goyal, 2012). Sago palm (Metroxylan sagu) is an agronomically important
which contribute to the economy of Malaysia with an export about 65, 000 tons of sago
starch to Peninsular Malaysia, Hong Kong, Taiwan, Singapore and other countries in 2012
(DoS, 2013). Sago palms are those species of the genus Metroxylon belonging to the
Palmae family and is of extreme importance to over a million people who use the palms as

their primary dietary starch source (Adeni et al., 2010).

() (b)
Figure 1: (a) The true sago palm or Metroxylan sago, (b) sago starch.
(Source: http://eatingasia.typepad.com/eatingasia/2008/03/the-tree-of-1if. html)


http://eatingasia

From the previous study by Bujang et al., (2006), sago starch has the potential to
replace the sugar cane in the sugar industry through enzymatic hydrolysis of the starch into
sugars or hydrolysed sago starch (HSS) and purified using powdered activated carbon
(PAC). Lab-scale crystallization of the liquid sugar has been developed at UNIMAS by
utilizing different approaches and process. Sago starch and its by product are obtained
from the trunk (pith) when the tree is about 12 to 15 years old.

Activated charcoal in its broadcast sense is a term that includes a wide range of
amorphous carbonaceous materials that exhibit a high degree of porosity and an extended
interparticulate surface area. Active charcoal are unique and versatile adsorbents, and they
are used extensively for the removal of undesirable odour, colour, taste, and other organic
and inorganic impurities from domestic, and industrial waste water; in the purification of
many chemicals, pharmaceuticals and food products.

Historically, the use of activated charcoal in the form of powder and granular have
limited to filtration system in food industry, treatment applications for drinking water and
does so in pharmaceuticals (Hung et al., 2006). All activated charcoal acts on a principle
called adsorption, which is an adherence of a substance to the surface of the activated
carbon. Activated charcoal is prepared by high-temperature steam activation of carbonized
samples of powdered cellulose and composite cellulose-inorganic materials based on it.

L.

The filtration method of PAC toward hydrolysed sago sugar (HSS) is carry out in this

study.

1.2 Problem Statement

Purification of sago sugar by using powdered activated charcoal (PAC) is preferred
in this study it is efficient to remove certain organics (such as unwanted taste and odour,
migro-pollutants), chlorine, fluorine or radon in filtration process. However, the

purification process which functions to eliminate other impurities will inadvertently also
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adsorbs some sugars albeit at small concentration. It also is not effective for microbial
contaminants, metals, nitrates and other inorganic contaminants and thus the contaminant
are separated from water but not destroyed. Besides that, the filter has to be replaced

regularly.

1.3 Research objectives:
The objectives of the study are:

1. To determine the best amount of powdered activated charcoal (PAC) in purifying
the hydrolysed sago starch (HSS) to produce purified sago sugars (PSS) by

filtration methods.

2. To analyse the optimum glucose concentration in sago sugar by using DNS method

and high performance liquid chromatography (HPLC).

1.4 Rational and Significant Study

The rational and significant of this study is to replace sugar cane with sago starch in
the sugar industry through enz$matic hydrolysis of the starch into sugars since the
production of sugar cane is more expensive even though the sugar recovery from sugar
cane is lower than sago starch. Sago sugar is very low in protein but is exceptionally high
in carbohydrates rather than sugar cane which containing about 50 percent of
carbohydrates in total sugar. Furthermore, production of sugar from sago starch is an
alternative way to replace sugar cane as it yield 100% recovery of sugar and contains anti
flavonoids properties such as anti-cancer, anti-aging and anti-oxidant which is useful for

human health. Corresponds to sugar cane, it is only yield 7% recovery of sugar.



2.0 LITERATURE REVIEW
2.1  Sago Starch and Its Production

Sago starch is known as Metroxylon rumphii species and is collected locally in
Sarawak from Herdson Sago Mill at Pusa and transported to UNIMAS Laboratory for the
purpose of study.

The principle growing areas where there exists also moderate commercial sago
starch production are Sarawak (where there are modern refineries at Sibu, Sabah, and
Brunei) and New Guinea. It is used for the production of glucose which is potentially
viable as the new source of commercial sugar through enzymatic hydrolysis of sago starch
into sugars (96% glucose), achieved after about 6 hours. Bujang et al., (2000) and Bujang
& Jobli (2002) had reported that enzymatic hydrolysis was performed using Novo enzymes
such as Termamyl-120L (a thermostable a-amylase from Bacillus licheniformis/120
KNU/g) for liquefaction (0.5 pl/g of starch) and incubated at 90 °C for 2 hours. 1 KNU/g is
defined as the amount of the enzyme which breaks down 5.26 g starch per hour at 37°C at
pH of 5.6 (Heiz R. et al, 2004). This was followed by amyloglucosidase from Aspergillus
niger for saccharification (0.6 pl/g of starch), and incubated at 60 °C for another 24 hours
in producing large volumes of hydrolysis (Bujang & Law, 2006).

In separate study, it was cngcluded that 20% (w/v) sago starch was the optimum
starch concentration for enzymatic hydrolysis producing sago sugars at over 100%
recovery (Bujang et al., 2000; Bujang et al., 2004; Booty & Bujang, 2009). pH of 4.5 and
6.5 has been confirmed earlier by the enzyme supplier (Novo) to be optimum pH for

general starch hydrolysis but this has not been established for sago starch.
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, Global Market of Sago Starch and Sugar Cane

In Malaysia, more than 90% of all sago-planting area is found in the state of
k in East Malaysia. The annual export of pure sago starch from Sarawak fluctuates
een 40,000 - 50,000 tons of sago in 2013 procuring incomes between US$4.5 million
S$10.8 million as in Table 1 below. About 100,000 tons of sago starch is used
ally in Malaysia for various applications, mainly in the production of glucose
600t), MSG (15,000t), and noodle (13,200t) while other household used account for

00t (Bujang, 2006).

s.3 EKSPORT HASIL RUMBIA 2004 — 2013
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Table 1: Export and import of sago products from 2004 - 2013
(Source: Department of Statistics Malaysia, Sarawak Branch, 2013).




PRODUCTION OF SUGAR CANE

Sugar cane is a member of the graminea family. It is grown in both tropicl and
opical climates. Its main constituents are fibre, sugar and water. The raw sugar

ction process is summarizing as below (Antonio an Carlos, 2001):

» Harvest and transport the cane to sugar factory

Evaporation of water
> @;ﬁtﬂllization of sucrose and the production of massecuite
> Storage of sugar and molasses

Figure 2 shows the process involved in manufacturing sugar cane.

O = PRODUCT [:I— MACHINE

Figure 2: The process involved in manufacturing sugar cane.
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Based on Figure 2, 1 ton of raw sugar cane only yields 70% of sugar cane from its
total production. This loss occurs at the crystallization stage of raw sugar production due to
poor recovery of sucrose from the final molasses. Poor post-harvest treatment of the cane,
as well a industrial factors contributes to this to this poor recovery. With respect to post-
harvest treatment, a long time lapse between cutting and grinding of the cane results in an
increase in both polysaccharides and oligosaccharide content, thus increasing the viscosity
of the molasses and decreasing diffusion of sucrose from the mother liquor to the crystal

(Antonio and Carlos, 2001).
2.4 Enzymatic Hydrolysis of Sago Starch

Enzymatic hydrolysis provides a method to convert cellulose to glucose at high
yields without sugar product degradation (Ahmad, 2010). Starch is removed by boiling
with a thermostable a-amylase (Termamyl) and amyloglucosidase. This enzyme has
proved to be very effective for various types of starch-containing fiber sources and
products. Gelatinization and solubilization of starch with a thermostable a-amylase prior to
amyloglucosidase treatment resulted in higher starch values. (Gene, 2001). Liquefaction
and saccharification are the main steps of this process (Suraini, 2002; Sun et al., 2006).

Enzymatic hydrolysis yield is also depends on substrate concentration, type of
starch, enzyme dose, time taken, spega of agitation, granule size and viscosity of the raw
starch (Madihah et a/,, 2001; Balat ez al, 2008; Zulfikri et al., 2008). Longer hydrolysis
time and high enzyme dose showed the highest increment in percentages of glucose yield
as temperature rise (Yu et al, 2008). One of the examples from previous research about
production of glucose by using enzymatic hydrolysis method is studied by Kunamneni and

Singh (2005).



tion of starch

on previous studies, gelatinization and the amount of reducing sugar
1 sago starch was 0.464 g/Lh. Bujang et al, (2000) and Bujang & Jobli
ﬂm enzymatic hydrolysis was performed using Novo enzymes such as
(a thermostable a-amylase from Bacillus licheniformis, 120 KNU/g) for
ul/ gram of starch) and incubated at 90 °C for 2 hours. In general

rried out at pH of 6.0-6.5.

cation of starch

fication step is important to further hydrolyse the liquefied starch. This
1 by amyloglucosidase (AMG) from Aspergillus niger for saccharification
rch), and incubated at 60°C for another 24 hours in producing large volumes
The optimum saccharification has been conducted at 60°C and pH 4.5. In
A Aggaxwal et al. (2001) has found that at high temperature, the rate of
reduced substantially at the optimum condition for saccharification were at
[ 5. Saccharification leads to about 96% yield of glucose and about 4% by
ng & Law, 2006).

; -

on of Raw Sago Sugar

he manufacturing of white sugar by decolourization of sugar solutions by
wood charcoal was first reported from London refinery. The activated
nt is the last stage of the purification process before the sugar juices are

uce white mother liquor from which white sugar can be obtained (Roop &



Within the range of pH value met with in the sugar manufacturing process,
lowering of the pH value usually improves decolourization. A pH of 4.5 is optimum for
decolourization. The treatment of sugar solutions with active carbons only slightly
increases the purity of the solution, usually 0.1 percent at most, but gives the solution
better optical appearance. It also markedly enhances the processing properties (Roop &

Meenakshi, 2005).

Bujang et al., (2011) has reported that purification of hydrolysed sago sugar (HSS)
at 200 g/L glucose had perfonﬁed on 5 g of powdered activated charcoal (PAC) packed on
glass wool in a glass tube (2.5 cm diameter, and 2 cm filtration height). Filtration of HSS
to produce purified sago sugars (PSS) under gravity (2.5 ml/min) show that higher (85%)
recovery of sugars was obtained at lower amount of PAC (5 g) compared to 10 g of PAC

(75%).

Our analysis confirmed that PSS contains glucose and maltose at 94% and 3%
respectively (Bujang ef al., 2011). Further analyses revealed that the recovery of glucose
increased by over 70% (from 101.3 g/L to 153.7 g/L) after 7 cycles upon filtration on the

same batch of PAC.

Ang et al. (2006) reported tha:‘adsorption between PAC is lower towards glucose and
lactate but higher towards protein and colour. However, the purification process to
eliminate other impurities will inadvertently also adsorbs some sugars albeit at small
concentration. This was amplified when purification was performed at higher amount of
PAC (10 g) where the yield of sugars was lower. Similar results were reported earlier when

using PAC in the purification of L-lactic acid (Bujang et al., 2005).



| Activated Charcoal (PAC)
very and usage

d charcoal has been long recognized as one of the most versatile adsorbents
the effective removal of low concentrations of .organic substances from
2008). According to the first documented use of charcoal as written on
by 1500 before century (B. C), the Egyptian’s use of charcoal had progressed,
; al to cure intestinal ailments, preserve the dead and even to absorb

urs. Around 400 B. C. Christopher Columbus, the seafarers throughout

adopted this practice and continued until the 1800s (Flexicon Corporation,

ys, the uses of activated charcoal continue to grow in a variety of industries
ﬂsmptlon, corn and cane sugar refining, fat and oil removal, pharmaceuticals,
alcoholic beverage production and much more. The purification of municipal

is the biggest market for activated charcoals.

ical characteristics
L
d charcoal is a fine black powder produced by the activation (i.e.,

on, and purification) of carbon-containing materials such as bone, coal,
leum and wood. It is odourless, tasteless and insoluble in liquids. The activation
articles that have an extensive internal networks of minute, branching,
ecting channels (i.e., pores) that range in size from approximately 10-

and account for the extremely large surface area of activated charcoal.
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Below are the examples of activated charcoal in form of powdered activated charcoal

(PAC) and granular activated charcoal (GAC) as shown in Figure 3:

(b)

Figure 3: Examples of activated charcoal in the form of (a) PAC, (b) GAC.
(Source: http://www.mohiexporttraders.com/coconut-shell-activated-carbon-powder.htm)

2.6.3 Adsorption

Adsorption is a surface phenomenon where certain molecules attach themselves to
a solid surface based on intermolecular forces. The important properties of an adsorbent,
which will affect the adsorption characteristics, are: the pore size distribution, surface area,
surface qualities (hydrophobic/hydrophilic nature and function and physical properties
such as hardness, bulk density and'Rarticle-size distribution. These properties are generally
controlled by fine tuning the different parameters of manufacturing process (Mussatto et

al., 2006).

In sugar refining, undesired colour compounds, which are extracted from the
sugarcane or sago sugar along with the sugar, are removed by passing the juice across a
bed of activated charcoal. This is a microcrystalline, no graphitic form of carbon with high

norosity and surface area to enhance adsorption capacity.

il


http://www.mohiexporttraders.comlcoconut-shell-activated-carbon-powder.htm

ation of PAC

-

d activated charcoal can be added before coagulation, during chemical
the settling stage, prior to sand filtration. It is removed from the water
ation process, in the former cases and through filtration, in the latter. One
es of PAC is that it can be applied for short periods. With problems that
ly periodically such as algal toxins or tastes and odours, this can be a great

es (David & Gayle, 2006).
colourization process in food industry

stion by activated charcoal finds numerous applications in several food
industries to remove unwanted colour and to improve the quality and
of the food material. The more important industries where activated
oal have applications are the sugar industry for decolourization of sugar syrups, in the
of alcoholic beverages for removing unwanted compounds to improve the

‘and other properties (Tascon, 2012).

dered activated charcoal is usually used for the decolourization of thick juice or
r because these in-p:):ess products have the right dry substance content (55
AC operation. In comparison with the decolourization with granular activated
e installation of PAC decolourization proess has the advantage of requiring low

out major plant changes (Mosen, 2006).

+*

A pH of 4.5 is optimum for decolourization. The treatment of sugar solutions with

s only slightly increases the purity of the solution, usually 0.1 percent at most,

es the solution better optical appearance (Roop & Meenakshi, 2005).
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3.0 MATERIALS AND METHODS

als and Chemicals

 starch was collected locally in Sarawak from Herdson Sago Mill at Pusa and 200 g of

w

Wasused to make hydrolysed sago sugar (HSS) as shown in Figure 4.

es used for enzmatic hydrolysis (Novozyme) were Termamyl SC and

se (AMG) as reported by Bujang and Janggu (2009) in Figure 5.

(@) (b)
Figure 5: Enzymes used for enzymatic hydrolysis in HSS, (a) Termamyl,SC,
(b) Amyloglucosidase (AMG)
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rec ac »;’v’( ) Charcoal (PAC)

3 Chemicals) was used in this project because of its larger surface area.
eighed by using electrical balance in different amount in gram as it will

this project as in Figure 6.

s
LS

\ae, )
“‘E‘--z;

(©)
C collected from HmbG Chemicals , (b) Electrical balance was used to weight PAC, (c) The
different amount of PAC
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1ental Methods

ymatic hydrolysis of sago starch

hydrolysis was performed at volumes of 1 L in the 20% mixing ratio.

‘were undergoing two stages of enzymatic treatment with two different

ion of sago starch

s liquefaction, which conversion of a concentrated suspension of starch
ion of soluble of low viscosity for convenient handling in ordinary
mamyl SC (thermostable a-amylase from Bacillus licheniformis,
nzyme) was added into liquid sample to convert starch granules into
trins. The concentration of Termamyl SC is 0.5ul/g of sample (Adeni et al.,
pH of sample was adjusted to pH 6.5 by using | M NaOH and 1 M HCI.

| at 90 — 95 °C for 5 — 10 minutes. Sample was liquefied at 80 — 90

Figure 7: Liquefaction step on stirrer hot plate for 2 hours at 90°C.

15



