Chapter 19
Recovery of Starch from Sago Pith Waste
and Waste Water Treatment

Budi Santoso

Abstract The objective of this study was to investigate sago starch recovery from
sago pith waste (SPW) using wet milling and its physical properties. For compara-
tive purposes, the same parameters were evaluated for untreated sago starch. As a
result of the super mass colloider mill (SMCM), a 21% dry basis of sago starch can
be recovered from SPW. Scanning electron microscopy showed that the granule
morphology was not changed. X-ray diffraction showed that relative crystallinity
and diffractogram patterns between SMCM sago starch and untreated sago starch
were similar. Particle size distribution analysis demonstrated that untreated and
SMCM sago starch were relatively narrow and uniform size distribution and the
particle size distribution index were not different. The results indicate that wet mill-
ing of SPW using a SMCM can increase sago starch yield and the physical proper-
ties of SMCM sago starch were similar to untreated sago starch.

19.1 Introduction

At present, food security is a serious issue in the world because the population rate
continues to increase. According to the US Census Bureau ( 2014), the world popu-
lation was around 6.1 billion in 2000 and increased by about 13% (to 6.9 billion) in
2010. It is projected that the population of the world, with an average growth rate of
about 0.8%, will increase in billions to 8.3 by 2030, 8.9 by 2040, and 9.4 by 2050.
This indicates that by 2050 the world needs to produce 50% more food than it does
now to feed around 9 billion people.

In the world, there are various plant sources of starch, such as rice, wheat, corn,
potato, sweet potato, cassava, barley, and sago. Among carbohydrate polymers,
starch is currently enjoying increased attention owing to its usefulness in different
food products. Starch contributes greatly to the textural properties of many foods
and is widely used in food and industrial applications as a thickener, colloidal stabi-
lizer, gelling agent, bulking agent, and water retention agent (Singh et al. 2007).
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Industries use starch to give products certain properties, such as consistency and
mouthfeel in food products or sizing of textiles. While some products require very
specific kinds of starch, for most starch uses, there is a high degree of substitutabil-
ity between one starch and another (Fuglie 2004). The utilization of starch sources
depends on the functional properties of starches including thickening behavior and
the ability to form a gel or paste. The textural properties of gelatinized and retro-
graded starches are important for their potential use in food systems and depend on
the molecular component and structure of the starch (Adawiyah et al. 2013).

Recently, attention to sago starch as a new food and a food security crop has
increased, especially due to the anticipated growth in human population and poten-
tial future environmental disasters (Yamamoto 2011). Sago starch has not only
foodstuff potential but also can be used as a bio-resource, such as ethanol (Ishizaki
1998). Compared to other starches, sago starch has low cost of production and high
yield. Also, sago produces a higher amount of starch, around 15-20 mt of air-dried
starch per hectare (Flach 1997). The sago yield could be about 3—4 times higher
than those of rice, corn, or wheat and about 17 times higher than that of cassava
(Ishizaki 1998; Singhal et al. 2008).

The sago palm is an underutilized potential food source which grows well in the
tropical rainforest. Sago palm is adapted to the tropical areas with an average tem-
perature of 25 °C and approximate relative humidity of 70%; an extremely hardy
plant, it thrives in swampy, acidic peat and saline soils where other crops cannot
survive (Flach and Schuilling 1989; Flach 1997). The three leading countries in
terms of approximate areas of sago palms are Indonesia with 1,284,000, Papua New
Guinea 1,020,000, and Malaysia 45,000 ha (Flach 1997). Agronomically, sago palm
is a potentially important indigenous crop of Southeast Asia and Oceania which has
remained relatively underexploited (Flach 1983). It is estimated that about 60 mil-
lion mt of starch, extracted from sago palms, are produced per annum in Southeast
Asia alone (Wang et al. 1996).

19.2 Problems of Sago Starch Extraction

Sago starch accumulates in the trunk of the sago palm until the flowering stage, with
maximum starch content occurring just before the onset of palm flowers; the palm
slowly dies thereafter. The plant reaches commercial maturity at 9—12 years of age.
At the mature stage, it possesses a large trunk and may reach a height of 6-25 m and
a diameter of 40 cm (Flach 1997). Sago starch can be extracted by maceration of the
pith of a sago trunk. Extracting starch from the sago trunk, according to Nishimura
et al. (2010), involves tree felling, cutting the trunk into log sections, log splitting,
pith crushing, starch filtering, starch extraction, drying, and packaging. However,
the method of extraction in different locations is quite diverse depending on starch
use, local resource use, and economic factors among different ethnic groups.

The sago starch extraction process can be divided into two methods: traditional
and modern. The principles of sago extraction for both methods are similar; the
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differences are only in the scale of operation (Karim et al. 2008) and the processing
tools that are used (Greenhill 2006). The traditional method is further divided into
two levels, the domestic level and the small-scale processing plant level. The small-
scale level of sago starch extraction uses electrical power on some processors.
Santoso et al. (2015) found that the actual starch content in the pith is about 65%
with fiber making up the remaining 35%. The mechanical process currently
employed to extract sago starch is inefficient and often fails to dislodge residual
starch embedded in the fibrous portion of the trunks (Karim et al. 2008). Several
studies have found that sago starch can be extracted using commercial methods,
only up to 55-70% (dry weight basis) of the true sago starch content. The remaining
starch is still trapped within the parenchyma cells or fibers in the sago pith waste
(Mohd et al. 2001; Awg-Adeni et al. 2013; Lai et al. 2013).

Sago pith waste still contains a lot of starch. According to Abd-Aziz (2002), the
composition of sago pith waste on a dry weight basis contains 65.7% starch, 14.8%
crude fiber, 1% crude protein, 4.1% ash, and 59.1% moisture. Linggang et al. (2012)
reported that sago pith waste contains 58% starch, 23% cellulose, 9.2% hemicellu-
lose, and 4% lignin on a dry basis. Awg-Adeni et al. (2013) state that on a dry basis,
the proportions of sago pith waste consist of 30—45% starch, 5-7% ash, 1% protein,
and 4.6—4.7% fiber. Several studies have been done on utilizing sago pith waste as a
substrate for the production of enzymes and adsorbents (Singhal et al. 2008), glu-
cose syrup (Asben et al. 2011; Linggang et al. 2012), fructose syrup (Mishima et al.
2011), bioethanol (Awg-Adeni et al. 2011; Peristiwati et al. 2011), and biobutanol
(Linggang et al. 2011; Awg-Adeni et al. 2013).

19.3 Recovery of Starch from Sago Pith Waste

According to Cecil (1992) and Mohd et al. (2001), the starch in sago pith waste is
trapped within the parenchyma cells or fibers. To liberate the starch, it is necessary
to break down the sago pith waste. There are two ways to recover starch from sago
pith waste, enzymatically and physically. Recovering starch from sago pith waste
using enzymes was introduced by Mohd et al. (2001). The residual native starch was
extracted from sago pith residue using two types of commercial cell wall-degrading
enzymes, Pectinex Ultra SP-L and Ultrazyme 100G. The results showed that the
type of enzyme produced different effects to release starch from pith waste. The
highest starch yield was achieved using Pectinex; after 1 h reaction time it yielded
42.3%, dry weight basis, and then declined. By comparison, the Ultrazyme had a
high yield at 2 h reaction time of 28.4%. The physical appearance of the starch
granules showed that more larger granules were extracted using Pectinex, while the
distributional pattern of starch granules was more uniform with the Ultrazyme treat-
ment during the 30 min-incubation period (Mohd et al. 2001).

Physically, recovery of starch from pith waste with further grating (secondary
grating), by using a hammer mill, gives a small increase in yield of only around
3-5% and then makes separation of the sago starch from fibers difficult (Cecil
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1992). This method is not efficient for small and medium sago factories. Another
way to recover starch from sago pith waste is through the use of a super mass col-
loider mill (Santoso et al. 2015). A micro powder mill is a dry milling method com-
monly used for milling cereals and grains, but also can be used to physically separate
the starch from sago pith waste. This method is practical because industrial opera-
tion of a micro powder mill is easy. The yields of sago starch can be increased to
around 17% (dry weight basis) when the milling process is performed at a medium
narrow level of disc clearance; this was easier as compared with a narrow level of
disc clearance. Based on scanning electron microscopy (SEM) micrographs
(Fig. 19.1), the granule surfaces in native sago starch are smooth and oval, without
any pores and fissures, and with diameters in the range 20-60 pm (Cecil 1992;
Ahmad et al. 1999). The granular surface of starch from sago pith waste has slightly
rough granules. When the starch is observed under polarized light (Fig. 19.2), the
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Fig. 19.1 Scanning electron microscopy images of sago starch, (a) native sago starch and (b)
micro-powder-milled sago starch (magnification is 1000x)

Fig. 19.2 Microscopy photographs with polarized light for (a) native sago starch and (b) micro-
powder-milled sago starch (magnification is 40x and bar indicates 50 pm)
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birefringence of micro-powder-milled sago starch is unchanged compared to native
sago starch, with strong patterns at the granule centers; the typical Maltese crosses
are uniform, with two crossed lines and a dark line at the center. According to Stahl
et al. (2007), the birefringent and Maltese cross pattern can be observed on all of the
native starch granules under polarized light.

The XRD pattern and the relative crystallinities of native sago starch and micro-
powder-milled sago starch are presented in Fig. 19.3 and Table 19.1. Native sago
starch has a C-type diffraction pattern. The C type is a mixture of both A and B type.
A-type pattern is associated mainly with cereal starches and has main peaks at ~15,
17, 18, and 23° (Huijbrechts et al. 2008; O’Brien and Wang 2008; Hu et al. 2014).
B-type pattern is usually obtained from tuber starches and shows main peaks at
~5.6, 15, 17, 22, and 24° (O’Brien and Wang 2008; Alvani et al. 2011). The C type
formed when both A- and B-polymorphic arrangement coexist and are character-
ized by diffraction peaks at 26 values of around 5° and strong peaks at around ~15,
17, 18, and 23° (Karim et al. 2008; Wang et al. 2008). Although the relative crystal-
linities of micro-powder-milled sago starch are slightly decreased (Table 19.1), the
XRD pattern (Fig. 19.3) shows no difference between these two starches.

Intensity (cps)

Fig. 19.3 X-ray diffraction patterns of (a) native sago starch and (b) micro-powder-milled sago
starch

Table 19.1 Relative crystallinities and gelatinization properties of sago starch?

Gelatinization properties
Treatment | RC (%) T, (°C) T, (°C) T.(°C) Range (T, — T,) (°C) | AH (J/g)
A 305+1.8 |563+0.3 66.9+0.0 759=+0.1 19.6 £ 0.1 154 +0.5
B 221+ 1.1 [563+0.3 |66.3+0.1 |74.6+0.0 18.3+0.3 11.9+0.6
RC relative crystallinity, T, onset temperature, 7, peak temperature, T, conclusion temperature, AH
enthalpy

A native sago starch, B micro-powder-milled sago starch
“Parameters are given as average value + standard deviation
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Fig. 19.4 Particle size distribution of (a) native sago starch and (b) micro-powder-milled sago
starch

Table 19.2 Size distributions of sago starch®

Particle size
Treatment D01y (pm) Dy, o5 (pm) Dy,09) (pm) Span®
A 17.3 £ 0.1 23.8 +0.1 36.4+0.2 0.8+0.0
B 18.9+0.0 26.1 +0.1 40.1 £ 0.6 0.8+£0.0

A native sago starch, B micro-powder-milled sago starch
“Parameters are given as average value + standard deviation
"Span: size dispersion index

Table 19.1 shows the gelatinization temperatures for native and micro-powder-
milled sago starch. The onset temperature (7,), peak temperature (7},), and conclu-
sion temperature (7;) did not differ much for all treatments. The enthalpy of
gelatinization (AH) slightly decreased from 15.4 J/g for native sago starch to
11.9 J/g for micro-powder-milled sago starch. This suggests that the physical force
of micro powder milling is not disrupting the crystalline structure.

Graphic representation of particle size distribution of the native and micro-
powder-milled sago starch is shown in Fig. 19.4, and the mean diameters and spans
are summarized in Table 19.2. The average sizes of the granules of micro-powder-
milled sago starch were slightly higher than that of native sago starch; the span
reflects the width of the starch granules. The span of native sago starch did not differ
from micro-powder-milled sago starch.
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19.4 Waste Water Treatment

The type of waste from a sago starch factory is not only pith waste but also effluent
waste. The effluent has the potential to cause water pollution in the surrounding
environment due to containing a large amount of organic material. Furthermore,
Singhal et al. (2008) stated that a high biomass concentration of 2.5 g/L with a pig-
ment content of about 1.1 mg carotenoid per g cell mass was achieved after 96 h of
growth in anaerobic-light culture system together with a 77% reduction in the COD
(chemical oxygen demand) of the sago effluent.

Meanwhile, according to Mishima (2015), the sago factory effluent contains
finely milled fibers, inextricable starch, and polyphenols and is discolored and prone
to putrefaction. Existing treatment methods such as the use of sedimentation ponds
have had detrimental effects on neighboring areas, such as a foul odor. More posi-
tive waste water treatment operations are hoped for. On the flip side, waste water
contains abundant carbohydrates. The application of this material as a biomass
resource might lead to new products instead of waste treatment.

19.5 Conclusion

Loss of starch in the sago starch extraction process is very high because the extrac-
tion methods cannot recover all of starch embedded in the fibrous portion of the
trunks. This is a problem in sago starch production process for producers of sago
palms. The average of sago starch recovery from sago pith waste using enzymes
was 35.35% on a dry weight basis (28.4-42.3%). Whereas sago starch yield can be
increased to around 17% (dry weight basis) when sago pith waste is passed through
a micro powder mill. According to Mohd et al. (2001), in Malaysia the total annual
of starch disposed of as sago pith waste is estimated at 20,000 mt. Therefore, both
enzymes and a micro powder mill recovery can increase sago starch production by
around 3400-7070 mt annually. This yield is very valuable and calls attention to the
sago palm as a new food and a food security crop in the world. The sago factory
effluent contains a large amount of organic material, such as carbohydrates that can
be used as a biomass resource.
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