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Abstract: Problem statement: Agriculture waste such as Sago Waste (SW) has a potential to cause 
pollution when the waste is discarded into rivers. In order to add value to SW, a study was conducted to 
produce potassium and calcium hydroxide, compost and Humic Acid (HA) from SW. Approach: The 
SW was air-dried and some grinded. The grinded SW was incinerated at 600°C. Potassium and 
calcium hydroxide was extracted by dissolving the ash in distilled water at a ratio of 1:500 (ash: 
water), equilibrated for 24 h at 150 rpm using a mechanical shaker and filtered. The ungrinded SW was 
used for compost production. The compost was produced by mixing SW (80%) + chicken feed (10%) 
+ chicken dung slurry (5%) + molasses (5%). Results: The hydroxide extracted from ash of SW was 
used to isolate HA of composted SW. The molarity and pH of the hydroxide were 0.002M and 10 
respectively. Calcium (42.88 mg kg−1) and potassium (29.51 mg kg−1) content were high in the 
hydroxide compared with other elements. The compost took about 60 days to mature. There was an 
increased in pH, ash, Cation Exchange Capacity (CEC) and HA and a decreased in temperature, C/N 
ratio, C/P ratio and organic matter. The hydroxide was able to extract 1% of HA from the composted 
SW. A comparison between the yields of HA extracted from the composted SW using the hydroxide of 
the SW and that of the analytical grade showed no statistically difference. The chemical characteristics 
of HA from the composted SW were in standard range. Conclusion: Potassium and calcium 
hydroxide, compost and HA can be produced from sago waste. Low morality of the hydroxide is able 
to produce good quality of HA from composted sago waste. The HA can be reconstituted with K and 
Ca from potassium and calcium hydroxide to produce K-Ca-humate and this needs to be investigated 
as a form of organic based fertilizer.  
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INTRODUCTION 

 
 It is estimated that about 60 million tonnes of sago 
starch, extracted from sago palms, are produced per 
annum in south-east Asia[1]. Most of the factories are 
built near riversides where Sago Waste (SW) is likely 
to be discarded into rivers, a practice which may cause 
water pollution. The amount of waste (fiber and water) 
from sago is about 20 times the total starch production 
and this large quantity of waste causes problems to sago 
starch processing units[2]. In addition, inefficient starch 
extraction contributes to waste and large amounts of 
potentially  polluting   waste  materials[3].  For every 

100 kg of starch in pith (of 70-90 kg can be extracted), 
there will be 10 kg of hampas. This quantity may be 
greater if the extraction efficiency is low and about 5 kg 
of fermentable dissolved solids-mostly sugars and 
protein[4], additional, 60-70% of starch can create high 
BOD and COD levels in the river[5]. The microbiology 
activities in the river consume a lot of oxygen to 
degrade the waste and this may results in insufficient 
oxygen for aquatic healthy life[4]. 
 Some researchers have used SW as substrate for 
cultivation of edible mushrooms[2], animal feed, 
production of enzymes[6] and absorbents[7]. SW also can 
be used for composting where the matured compost can 
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be treated as organic fertilizer. According to 
Cambardella et al.[8], nutrient uptake of plants can be 
improved by applying compost to soils. Besides applying 
the compost directly to the soil, Humic Acids (HA) can 
also be extracted from the compost whereby the HA can 
be reconstituted with K from KOH to produce K-humate 
which can be used for fertigation and for fresh water 
fishes[9]. The usage of inorganic fertilizer as well as 
waste production can be reduced through 
composting[10]. The HA from the compost can become 
the backbone and carrier of minerals which can 
stimulate the absorption of the minerals to the plant. In 
order to add value to SW, a study was conducted to 
produce potassium and calcium hydroxide, compost 
and HA from it.  
 

MATERIALS AND METHODS 
 
 The SW was collected from Nit Sei in Mukah, 
Sarawak. The SW was air-dried and some of it was 
grinded for the purpose of initial characterization and 
ashing. The ungrinded SW was used for compost 
production. Grinded sago waste was incinerated at 300, 
350, 400, 450, 500, 550 and 600°C using a muffle 
furnace. The best ash (almost white) was chosen for 
potassium and calcium hydroxide production. The ash 
was dissolved in distilled water at ratios of 1:100, 
1:200, 1:300, 1:400 and 1:500. The samples were 
equilibrated for 24 h at 150 rpm using a mechanical 
shaker. Afterwards, the samples were filtered using 
Whatman filter paper number 2. The ratio of 1:500 was 
chosen because its hydroxides had the highest morality 
of 0.002M (pH 10). The 0.002 M of the hydroxide 
obtained from the ash was analyzed for K, Ca, Mg, Na, 
Fe, Zn, Cu and Mn using Atomic Absorption 
Spectrophotometry (AAS).  
 The composting process was done inside a white 
polystyrene box with a size of 61.5×49×33.5 cm. The 
compost was produced by mixing SW (80%) + chicken 
feed (10%) + chicken dung slurry (5%) + molasses 
(5%). The ambient and compost temperatures were 
taken daily (morning and evening). The temperature of 
the compost was monitored until it equaled ambient 
temperature after which it was analyzed for pH, total 
nitrogen, organic carbon, organic matter, ash, Cation 
Exchange Capacity (CEC), phosphorus and HA using 
standard procedures. Moisture content of the compost 
ranged between 50-70%[11] and turning was done once a 
week. 
 The HA was isolated by the method of 
Stevenson[12] but with some modifications. The 
compost and the hydroxide (0.002 M) (extracted from 
the ash of SW) was placed inside a polyethylene bottle 

in a ratio of 1:10 (weight: Volume basis). The mixture 
was shaken at 240 rpm for 24 h at room temperature. 
Afterwards, the mixture was centrifuged for 15 min at 
10,000 rpm. The dark-colored supernatant liquid 
containing HA was decanted, filtered using Whatman 
filter paper number 2, pH of the liquid was adjusted to 
1.0 using 6N HCl and allowed to stand at room 
temperature for 24 h. The suspension containing HA 
was transferred into polyethylene bottle and centrifuged 
at 10,000 rpm for 10 min. The HA was purified by the 
method of Ahmed et al.[13], by using distilled water and 
through centrifugation at 10,000 rpm for 10 min to 
reduce mineral matter and HCl during acidification[14]. 
After the purification, the HA was oven dried at 40°C 
until constant weight was attained.  
 The ash and organic carbon contents of the HA 
were determined by the dry combustion method[15]. For 
the functional groups analysis, 20 mg of HA was 
dissolved  in  4  mL  of  0.08M NaOH and shaken for 
30 min at 180 rpm. The solution was titrated with 0.10 
M HCl to pH 2.5 (within 15 min). Carboxyl content 
was calculated based on the amount of acid required to 
titrate the suspension between pH 8 and the end point 
(approximately pH 3). Phenol content was calculated by 
assuming that 50% of the phenols dissociated at pH 10. 
Total acidity was calculated by summation of the 
carboxyl and phenols[16]. E4/E6 determined by the 
method of Campitelli and Ceppi[17] and analyzed using 
UV-Vis spectrophotometer (Perkin-Elmer Lambda 11). 
 The yields of the HA (from composted SW) 
extracted with the hydroxide of SW and that of 
analytical grade (KOH) were compared using 
independent T-test. Statistical Analysis System (SAS 
Ver. 9.1) was used for the statistical analysis.  
 

RESULTS 
 
 The liquid obtained from the ashed SW was high in 
K and Ca but very low in Zn, Cu and Mn (Table 1). The  
highest  content  of  macroelement  was Ca (42.88 mg 
kg−1) and followed by K (29.51 mg kg−1), Na and Mg. 
The microelements such as Fe, Mn, Cu and Zn were 
lower than 0.1 mg kg−1. The morality of the hydroxide 
was 0.002 M with a pH of 10. The pH higher than 7 
was suitable as extractant for HA because the HA is 
soluble in base only[18]. A comparison between the 
yields of HA extracted from the composted SW using 
the hydroxide of the SW and that of the analytical grade 
were not statistically different. 
 The compost took about 60 days to mature. The 
compost temperature was below thermophilic stage. 
The compost temperature was in the mesophilic phase 
for eight weeks and gradually decreased to equal 
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ambient temperature (Fig. 1). Maximum microbial 
diversity is in temperature of 35-40°C[19]. Low 
temperature in the compost involves the growth and 
respiration of micro-organisms such as aerobic mould-
fungi and bacteria whereas high temperature is due to 
oxidation of cellulosic materials[20]. 
 The selected chemical characteristics of the 
compost in Table 2 suggest that it is mature with good 
quality. The pH of the compost increased from 4.58-7.39. 
 

 
 
Fig. 1: Compost and ambient temperature during SW 

composting 
 
Table 1: Selected elements of potassium and calcium hydroxide 

produced from ashed SW 

Element KOH (mg kg−1) 
K 29.51 
Fe 0.02 
Na 6.68 
Ca 42.88 
Mg 0.13 
Mn 0.01 
Cu 0.05 
Zn Trace 

 
Table 2: Comparison of the chemical characteristics of SW before 

and after composting 
  Initial Mature compost 
pH 4.58± 0.05 7.39±0.05 
C/N ratio 790.10±0.16 27.30±0.39 
C/P ratio 4485.42±318.7 57.80±2.61 
Ash (%) 4.53±0.03 20.93±1.76 
Organic matter (%) 95.50±0.03 79.10±1.76 
CEC (cmol kg−1) 14.90±2.14 238.80±20.7 
Humic acids (%) 0.02±0.00 1.15±0.21 
± SE: Standard Error  

 
Table 3: Chemical characteristics of humic acid of composted SW 
Variable Range obtained Standard range[18]  
E4/E6 8.58 7-8 
Carbon (C %) 56.80 56-62 
Carboxylic (cmol kg−1) 300.00 240-540 
Phenolic (cmol kg−1) 200.00 150-440 
Total acidity (cmol kg−1) 500.00 500-700 

The C/N ratio decreased from 790.1-27.3. The C/P ratio 
also decreased from 4485.42-57.82. The ash content 
increased from 4.53-20.93% suggesting mineralization of 
organic matter[21] which indicates the decrease of organic 
matter in the compost. The Cation Exchange Capacity 
(CEC) also increased from 14.9-238.86 cmol kg−1. The 
HA also increased from 0.02-1.15%. 
 The chemical characteristics of the HA of 
composted SW are shown in Table 3. The values of the 
chemical characteristics of HA from composted SW 
were in the standard range reported by Tan[18]. 
 

DISCUSSION 
 
 The high Ca was because sago is known to be high 
in this element compared to others. According to 
Haska[2], SW has low content of minerals and this may 
have contributed to the low soluble minerals in the 
hydroxide. Eventhough the concentration of the 
hydroxide produced from the SW was low, it was good 
for isolation of HA as high concentration of extractant 
affects the chemical structure of HA[12]. In terms of the 
quality of the extracted HA, very weak NaOH or KOH 
solution of 0.001 to 0.01 M is considered better than 0.1 
M [18]. Besides using this hydroxide to extract the HA, it 
also can be used as liquid fertilizer for fertigation.  
 The high initial C/N ratio (>700) of SW could be 
one of the factors for the slow rate of decomposition 
and low compost temperature. The SW itself has high 
content of starch which is more than 60%[5,6,22] and may 
have enhanced fungal growth particularly in the 
presence of 10% chicken feed, 5% of chicken dung 
slurry and 5% of molasses. Cayuela et al.[23] reported 
that fungi have the ability to produce enzymes that are 
able to degrade lignin. The ability of fungal to degrade 
organic matter has been attributed to the reduction of 
easily degradable organic compounds and the 
subsequent decrease in bacteria[24] which may be the 
reason why the compost did not achieved the 
thermophilic stage. Thermophilic stage is important for 
the sanitization of the compost so that it can be safely 
applied into the soil.  
 The pH of the compost increased from acidic to 
neutral due to degradation of acid-type compounds like 
carboxylic and phenolic groups or mineralization of 
compounds such as protein, amino acids and peptides to 
ammonia[25,26]. The C/N and C/P ratios decreased due to 
mineralization. The decreased in organic matter content 
was caused by mineralization and humification[26] 

resulting in the increase of ash content and HA. The 
increase in CEC suggests high amount of available 
minerals in the compost. Available minerals are very 
essential for the plant uptake. The HA existence 
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indicated that the humification process occurred and 
this relates to the stability of the compost[27].  
 The E4/E6 of the HA of the composted SW was 
8.58. According to Tan[18], ratio of 7-8 or higher 
indicates the presence of HA with low molecular 
weight. High E4/E6 ratio reflects a low degree of 
aromatic condensation and presence of a relatively 
large proportion of alipathic structure indeed[28]. HA 
from compost showed a lower degree of aromatization 
than soil[29]. The carbon content of the HA of 
composted SW was in the range of the standard value. 
Total acidity, carboxyl-COOH, phenolic-OH content 
in soil HA were in the ranges of 500-700, 240-540 and 
150-440 cmol kg−1 respectively  as reported by Tan[18]. 

The values of carboxyl-COOH, phenolic-OH and total 
acidity of HA of SW were in the standard range 
(Table 3).  

 
CONCLUSION 

 
 Potassium and calcium hydroxide, compost and HA 
can be produced from sago waste. Low morality of the 
hydroxide is able to produce good quality of HA from 
composted sago waste. The HA can be reconstituted with 
K and Ca from potassium and calcium hydroxide to 
produce K-Ca-humate and this needs to be investigated 
as a form of organic based fertilizer.  
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