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Abstract. The aim for this research is to make black compost from spent coffee grounds (SCG). The content of hemicellulose and
lignin from SCG were 37.28% and 22.45%. For mineral content, Potassium (3 g/kg) is the most abundant element in spent coffee
ground, followed by calcium (1.23 g/kg), magnesium (1.11 g/kg), phosphorus (0.89 g/kg) and natrium (0.7 g/kg). SCG also contains
Carbon and Nitrogen ratios 1:19.5 which approaches the C / N ratio of the soil 1: 20. Composting process in aerobic condition for 2
months using Fungi, Bacillus and Lactic Acid Bacteria activator, produce black compost with good characteristic for plant and soil,

such as C/N ratio under 1:10 and pH around 6 to 9.

1 Introduction

Coffee is the most favorite beverage in the world.
Global coffee production has increased 21% since 2005
with total production estimated at more than 8.5 million
tons. During producing expresso, spent coffee grounds
(SCG) produced are 550-670 g / kg'. More than 90% of
coffee production in developing countries’. Worldwide,
spent coffee grounds production are around at 6 million
tons per year3.

Composting technology has been widely applied to
change organic matter into humus [1]. Compost is a bio-
transform process mediated by microorganisms with
control to humidity, pH, temperature, and carbon and
nitrogen content’. Degradation that not complete will
causing toxic for plant or called phytotoxicity [2,3].
Therefore, to make sure that the composting process is
complete, it is necessary to analyze the physical,
chemical and biological characteristics of compost [4].

The addition of activators in the composting process
is one of the topics widely studied by scientists.
Activator is added to enhance the composting process.
Some activators commonly added include decomposer
fungi, Bacillus strains, and Lactic Acid Bacteria. [5,6,7].

In this study were used activator fungi, Bacillus
commercial, and Lactic Acid Bacteria. Bacillus is often
found in compost at all stage [8]. These bacteria have
capacity to produce spores and survive in various
environmental condition better than other bacteria. They
can produce extracellular polysaccharide hydrolyzing
enzymes [9]. SCG consist of high cellulose and lignin,
around 39% cellulose and 23% lignin [10]. This
substrate can be degraded by fungi, because can produce
cellulose enzyme. Fungi was wused are local
microorganism comes from isolated fertile soil in the
mountain region, Japan. While, lactic acid bacteria due
to their enzymatic and antagonistic properties they
contributed to the efficient degradation of organic matter
and, at the same time, inhibit the growth of other
microorganisms, pathogenic for plants. In this study, we
used yakult commercial as source of lactic acid bacteria.

Composting of SCG waste mixed with several
ingredients such as cow dung and chicken manure to
increase nutrition of microorganism, and balancing C / N
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ratio. Therefore, the main objective of this study was to
study the physical and chemical changes of the SCG
mixture with cow dung and chicken manure at different
concentrations and different activator.

2 Material and Methods

2.1. Preparation Fungi Activator

Fungi was isolated from field on Prefectural
University of Hiroshima, then inoculated for 2 weeks in
PDA (Potato Dextrose Agar) medium. Several loopful of
fungi were took up and inoculated in 100 g dried malt
extract then added 1000 ml distilled water, autoclaved
121°C, and 20 minutes. Then cooling around 10 minutes.
Stirring using Mixer MG-600 100 rpm, 36 hours. Then
incubated 2 weeks, 25°C. That mix solution was used as
the inoculum or fungi activator [11].

2.2 Preparation Lactic Acid Bacteria Activator

2 bottles (100 ml) of yakult added and mixed with
100 ml fish hydrolysate, 100 g glucose, 100 g milk, 2 pcs
eggs, 1000 ml distilled water, then fermentation 2 weeks
in 30°C. Fungi inoculum after 2 weeks incubation was
able to use as LAB activator.

2.3 Preparation of Bacillus Activator

Bacillus activator that we used is commercial
activator. The Activator is patented by the Bio food
Industry Research Center, and the Industrial technology
center, Fukuoka Prefectural. Produced by the non-profit
organization Eco cycle Kyushu / Okinawa Japan.

2.4 Composting Method

The study was conducted at Prefectural University of
Hiroshima, Shobara campus. Each compost was
produced in 1-liter container with air circulation (aerobic
condition). The materials used in this study were SCG,
cow dung and chicken manure commercial. 12 different
treatments where then established, and they consisted of
each four different rates of SCG co-composted with cow
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dung and chicken manure commercial (Yasaki co.
japan). 1 sample only SCG and water as control.
Description of sample as explain below:

Control : SCG (250 gr) + water until MC 60%

Al : SCG 250 g + sugar 40 g + bacillus commercial
(dilution 100 times) adding to sample until Moisture
Content 60%

B1 : SCG 200 g + sugar 40 g + bacillus commercial
(dilution 100 times) adding to sample until Moisture
Content 60%+ chicken manure and cow dung each 50 g
C1 : SCG 150 g + sugar 40 g + bacillus commercial
(dilution 100 times) adding to sample until Moisture
Content 60%+ chicken manure and cow dung each 100 g
D1 : SCG 150 g + sugar 40 g + bacillus commercial
(dilution 100 times) adding to sample until Moisture
Content 60%+ chicken manure and cow dung each 150 g
A2, B2, C2, D2 : same composition with Al until D1 but
using activator fungi

A3, B3, C3, D3 : same composition with Al until D1 but
using activator Lactic Acid Bacteria.

Spent coffee grounds were fermented Robusta coffee
from Jember, East Java, Indonesia. Then dried in oven
laboratory at 60 degree Celsius. After, these materials
were mixed and used in composting to achieve a mixture
with C/N ratio below 10 (for horticulture plant).

About 250 until 500 g dry material of each mixture
was composted 56 days. The moisture was maintained in
the range 45-60% of water content. The mixture was
homogenized manually every day. The temperature was
measured using a digital thermometer. Samples were
taken on days 0, 7, 14, 21, 28, 35, and 56.

2.5 Physical and Chemical Analysis

2.5.1 Physical and Chemical Analysis of SCG

Before composting is carried out screening of raw
materials first, including analysis of hemicellulose,
lignin. Analysis of hemicellulose and lignin, which is 30
g of coffee added acetic anhydrate 250 ml and 1 M
H,SO, 10 ml. then mixed and left for 1 week. Then it
was heated 3 hours and added 2 molar 12 ml NaOH.
Cooled with tap water. Washed with a little acetic
anhydrate. Then separated by vacuum between liquid
and solid. Then add water and dry one night in an oven
60 degrees Celsius. Weighed the solids as cellulose and
liquid as heated again using a vacuum, then weighed the
weight as lignin.

In addition, screening of macro and micronutrient
content related to their potential to be composted was
also carried out.

2.5.2. Physical and Chemical Analysis during
Composting

pH was determined by “Soil analysis” standard
procedures'”; the C/N ratio were determined also in dry
sample by Macro corder (JM 1000CN).

3 Results and Discussion
3.1 Screening of Raw Material (SCG)

The most important component of coffee beans is
carbohydrate, as well as spent coffee grounds [12]. The
SCGs used are coffee grounds from fermented coffee
beans. As can be seen in Table 1, the content of
hemicellulose and lignin from SCG were 37.28% and
22.45%. These results same with the previous study of
SCG [13]. A little difference with some of the results of
other studies may difference the type of coffee, method
of roasting and also brewing techniques. SCG also
contains several minerals. As show in Table 2,
Potassium (3.72 mg/g) is the most abundant element in
coffee bean, followed by calcium (1.38 mg/g),
magnesium (1.11 mg/g), phosphorus (0.89 mg/g) and
sodium (0.69 mg/g). Usually, brewing cause most of the
minerals elements are easily extracted [12], however
SCG still contains potassium as dominant mineral.

Table 1. Chemical Content in SCG

Chemical content Sample SCG (%)
1. Hemiselulose 37.28
2. Lignin 22.45

Table 2. Mineral content in SCG

Mineral content Sample SCG (mg/g)
1. Ca(Calsium) 1.38
2. K (Pottasium) 3.72
3. Mg (Magnesium) 1.11
4. Na (Sodium) 0.69
5. P (Phosphorus) 0.89

SCG also contains Carbon and Nitrogen ratios 1:19.5
(Tabel 3) which approaches the C / N ratio of the soil, 1:
=20. Thus, SCG has the potential to be used as compost
products because it has the macro and micronutrients
needed by soil and plants.

Table 3. Macronutrient content of SCG

Macro nutrient content Sampel SCG (%)
1. Carbon 46.24
2. Nitrogen 237
3. C/Nratio 1:19.51
3.2 Physico-Chemical Characteristic of

Compost SCG

The maturity, stability, and quality of any compost
can be assessed by determining changes in chemical and
physical properties. The changes in physic-chemical
characteristic of the mixtures during the composting
process are explained below.
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3.2.1. pH

As shown in Fig 5, the pH of all of the compost
varied within days. However, starting from 56 days of
composting period, the pH value was stabilized. [14]
indicated, this is because of buffering nature of humic
substances. For compost C1, DI, B2, C2, D2, B3, C3,
D3 in general, the pH was found to decrease starting
from the first week of composting, while the others was
increase. The decrease in pH of decomposing organic
materials might be due to the production of organic acids
by microorganism, phenolic compounds and the further
increase in pH might be due to the formation of
ammonia during decomposition [15]. [5] also indicated
that during the composting process, the decrease in the
pH could be the phenomenon of the carbon dioxide
emission in the composting pile, and the accumulation of
organic acids. The relatively low pH of A2 may be due
to the presence of acids in these materials, which is in
agreement with the study of [15].
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Finally, for all compost types, the pH of matured
compost samples was measured (6.42-8.86). This

implies that the matured compost samples of this study
are promising and can be used for the treatment acidic
soils and do not need the addition of chemicals to adjust
the pH before using it for soils. Only A2 have pH 6.42,
whereas all sample slightly basic (7.6-8.86).

3.2.2. C/N ratio

The C/N ratio of all composting types varies with
time. However, in general the C/N ratio of all
composting types was observed to decline with time,
which indicates in Fig 2. Previous studies [16,17,18,19]
also reported a decrement of C/N values with time.

During the maturing phase as show of the
composting process, the C/N ratio of control, C1, and Al
(using Bacillus commercial) was found to be the lowest
of all compost types. In general, during the maturing
phase, the compost types A2 (using fungi activator) and
A3 (using LAB activator) were found to have higher
C/N values than others. It is can be conclude that
bacillus have decomposed activity better than fungi and
LAB.

Thus, the C/N for the final compost of all sample
obtained in this study, which is in the range of 8.51-9.69,
lies reasonably in the range which can be used for
agricultural purposes. Thus, all the produced compost
samples can be used for agricultural purposes.
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