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ABSTRACT

The aims of the study are to investigate compost quality (physic and chemistry) using black soldier fly (BSF) larvae
composting compared with Indonesia standard (SNI) and assess whether compost quality is affected by the research
variation. This study was conducted by research variations are raw material composition, addition of milk waste and
vegetable waste local microorganism. The twelve reactors (larvero) have a dimension of 50 cm (length) x 40 cm (width)
% 15 em (height). This study uses mixtures of food waste added with various variable, including waste milk (WM),
tofu dregs (TD), goat manure (GM) and self-made bioactivator of local organism (MoL). Total substrate of each
larvero was 10 kg, added every third day and monitored ambient temperature, pH and water content. Carbon to
nitrogen, phosphorus and potassium was measured in the final compos result. The result show all variable ac-
cordance with the Indonesia standard (SNI). However, the highest moisture content of 50-54% from TD added
needs particular maintenance work challenging using advanced natural drying. WM treatment using BSF larvae
composting with all variation research also resulting compost meet the SNI. Based on statistical analysis report,
research variation that have an influence on the overall compost quality are MW and MoL addition.

Keywords: larvero, local organism, natural drying, SNI.

INTRODUCTION

for reducing waste to landfill. Developing coun-
tries most commonly using landfilling as final
disposal and for organic fraction (Elkhalifa et
al., 2019). Meanwhile, landfill impact on cli-
mate change is ten times greater than anaerobic
digestion, composting and incineration. Landfill
method will significantly consider to global en-
vironmental problems (Gao et al., 2017). Com-

Ministry of Environment and Forestry (2024)
reported that Indonesia as a developing coun-
try produce 31 million tons/year of waste, with
the largest composition of food waste (40.8%)
and majority source of waste generation comes
from domestics (49.5%). At present, waste man-

agement still relies on direct disposal to landfill,
potentially causing landfill lifespan to be shorter
that planned time period. As reported by Minis-
try of National Development Planning (2023),
approximately 72% of waste ends up in landfill
and 17% leaks to environment. If there is no
land available to extend the landfill, one by one
of landfill will soon be full and have to close.
The waste recycling rate in landfill only reached
11%, represent is far from the ideal requirement

posting is an effective way to reduce the volume
of organic waste and can enriched with other
waste may be a good organic fertilizer (Kaze-
mi et al., 2017). Recycling organic waste, apart
from becoming compost, can also produce use-
ful products such as processing food waste into
bioplastic (Apriani et al., 2022, Vaverkova and
Adamcova, 2015, Rahmatullah, 2024).

The fishery industry is economically impor-
tant in many countries including Spain, China,
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India (Kazemi et al., 2017) also in Indonesia as a
maritime country. Processing of fish from catch-
ing and raising activity leads to high amounts of
waste, which are of global concern (Choe et al.,
2020). The amount of fish waste (FW) is equiva-
lent to the fish consumed. At present, FW is dis-
carded by landfill or ocean dumping (Karim et al.,
2015). FW has potential for fertilizers or energy
production (Toppe et al., 2018). Composting is an
aerobic biological decomposition of organic mat-
ter into a humus-like product. Composting of FW
is an effective way to reduce the volume of waste
FW, and compost enriched with FW may be a good
organic fertilizer (Kazemi et al., 2017). However,
success of FW composting is based on the addi-
tion of raw material to provide carbon sources for
microorganisms. FW may be a useful substrate to
decrease C/N when treating waste material rich in
C. Addition of raw material such as animal litter
can support reduce volume of FW became com-
post (Busato et al., 2018). Therefore, the selection
of appropriate additives to promote organic mate-
rial degradation is necessary to improve the com-
posting efficiency and product quality.

The goat population in Indonesia has the highest
value after cattle, which is 18,560,835 (BPS, 2023).
This has great potential also for manure produced
from goat farms. Goat manure (GM) can be used as
an organic source of fertilizer raw materials to fertil-
ize agricultural soil. Composting is an environmen-
tally friendly method of managing livestock manure
(Lin et al., 2018). GM contains 46.58% organic C,
1.34% N, 0.54% P O, and 1.56% K,O (Tivana and
Pradana). GM was potential as compost substrate
rich in carbon, therefore may be useful as addition
with FW composting to improve C/N.

Tofu dregs (TD) are the byproduct of tofu
processing, enriched with mineral, carbohydrates
and amino acids are easily decomposed. How-
ever, utilization rate of TD is relatively low, re-
sulting in serious environmental pollution and
nutrient waste (Ortiz-Cornejo et al., 2017). TD
can effectively increase enzymes functional in
macromolecular organic substances degradation
(Zhang and Sun, 2018). Therefore, it is the reason
to explore composting process by addition of TD.

Waste milk (WM) is produced from dairy in-
dustry as unsuitable milk for human consumption
(Maetal., 2022). WM usually contains pathogen-
ic, harmful pathogens and antibiotic residues, can
be environmental hazard (Aust et al., 2013; Brun-
ton et al., 2012). Treatment of WM to prevent
environmental damage can be apply composting
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to ensure safe disposal (Anusha and Paul, 2015;
Desai et al., 2016). As reported by Lalman et al.,
2004, level of WM protein is the highest among
fat and lactose, in the range 210-560 mg/L.
Therefore, the addition of WM was expected to
improve quality of compost protein produced.

Composting process commonly use some of
commercial or traditional bio-activators. Bio-ac-
tivators is able to accelerate organic fertilizer ma-
turity in decomposition or composting process of
organic material (Aslanzadeh et al., 2020; Sutris-
no et al., 2020; Wikurendra et al., 2022). Tradi-
tional bio-activator is a self-made bio-activator of
local microorganisms (MoL). MoL is a collection
of microorganisms that can be bred as a starter in
composting. On the basis of the ingredients, there
are two local microorganism that can be made,
tapai and local microorganism stale rice as well
as various local microorganism made from other
ingredients (Indasah et al., 2018).

MATERIALS AND METHODS

Study site

The research study site was located in the
campus of the Politeknik Perkapalan Negeri
Surabaya (Shipbuilding Institute of Polytechnic
Surabaya) in Surabaya, Indonesia. This experi-
ment was conducted in compost house, under a
constructed shelter roof of corrugated metal sheet
and supported by natural ventilation.

Preparation of substrate and bio-activator

Materials of substrate consists of goat ma-
nure, tofu dregs, fish waste and milk waste. Raw
materials were grinded to help larvae consume
feeding, because larva’s mouthpart is too small
to break down large substrate (Dortmans et al.,
2017). The grinding has possibility to increase
substrate’s surface area, which supports the ho-
mogenizes and growth of beneficial microbes to
promote nutrient availability consistency (Boaru
et al., 2019). Total substrate of each reactor was
10 kg with every 3 days feeding. Feeding regime
every 3 days in the previous experiment promote
the best compost quality based on Indonesia stan-
dard (Priastuti et al., 2022). Bio-activator were
used from vegetable waste traditional bio-acti-
vators. The research variables were conducted
based on combination shown in Table 1.
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Table 1. Research variations on each larvero

Larvero (L) Substrate variation MoL
eV %) O (%) FW (%) MW (L) L)
1 100 B - -
2 100 _ "
: 100 - 200 -
4 100 _ 200 "
5 30 70 _ i -
6 30 70 ) - "
! 30 70 - 200 )
° 30 70 - 200 30
9 30 70 -
10 30 70 - "
i %0 70 200 -
12 30 70 200 30

Note: GM — goat manure, TD — tofu dregs, FW — fish waste, MW — milk waste.

Preparation of larvero

The design of larvero in this experiment based
on inspiration from currently available in website,
journals and market with slightly modification.
Larvero was used as larvae feeding and growing
(Dortmans et al., 2017; Amrul et al., 2022). The
dimensions of larvero based on the calculation of
waste production and density of each experiment
variation. Twelve [50 (length) cm x 40 (width)
cm x 15 (height) cm] wood containers were cho-
sen to perform the composting.

Analytical method

Temperature and water content were moni-
tored using soil meter tester each day. C-organic
was considered by gravimetry method. Nitrogen,
phosphorous and potassium were determined by
Kjeldahl, Spectrophotometry and AAS methods
respectively. Statistical analysis using MANOVA
test, starting normality and homogeneity test.
Three combination experiment variation assessed
the differences in physicochemical properties.
MANOVA were applied by statistical mean dif-
ferences were considered significant at p < 0.05.

RESULTS AND DISCUSSION

Changes of water content and temperature

Changes of water content and temperature
are displayed based on the type of compost ma-
terial with experiment variations in the addition

of milk waste and local microorganism. Figure
1 shows the changes of water content and tem-
perature during BSF composting process for all
variation. Figure la represents monitoring result
for 100% GM material with variation milk waste
and MoL addition. At beginning process, water
content range is 68-74%, while temperature is
33-34 °C. As shown in Figure la, water content
was decreased among all variation, L1 decreased
from 68 to 46%, L2 69-47%, L3 72-47% and L4
74-49%. Temperature was opposite with water
content, starting from 33 °C (L1, L3)—34 °C (L2,
L4), increasing until reaching 36 °C then decreas-
ing to 30 °C for all reactor. Monitoring result for
30% GM and 70% TD composting reported in
Figure 1b. Water content starting from 84% (LS),
85%(L6), 88% (L7) and 90% (L8) was decrease
until 50% (L5), 52% (L6) and 54% (L7, L8). Tem-
perature was decrease from 33 °C (L7) — 34 °C
(L5, Lo, L8) to 30 °C (LS5, L7), 31 °C (L6), 32 °C
(L8) within 6 days. Figure 1c shows water con-
tent and temperature daily measurement for 30%
GM and 70% FW variation. Water content was de-
creased from 79% (L9), 80% (L10), 82% (L11),
83% (L12) to 42% (L9), 44% (L10), 45% (L11),
48% (L.12). While temperature decreased from 34
°C (L9, L11) — 35 °C (L10, L12) until 32 °C (L9,
L10, L11) — 33 °C (L12), then increase reaching
37 °C (L9, L11) — 39 °C (110, L12) and finally
decline at 30 °C for all variation.

Water content is one of the environment con-
ditions has essential role in bioconversion (Banks
et al., 2014). From Figure la-c, the lowest and the
highest water content of raw material were 68%

179



Journal of Ecological Engineering 2025, 26(3), 177-186

80

37
70 A a A 36
- AR 2T/
60 7 X = N 35
50 2= 34
N =
)
. 3
& 4 333
g g
9 c
<
£ 30 2 8
o [3)
3 o
3
5 20 31
10 30
o 29
o 1 2 3 4 B 6 7 8 9 10 11 12 13 14 15 16
Day
—e— Water content (%) L1 —=—Water content (%) L2 —&— Water content (%) L3 —e—Water content (%) L4
——SNI Water Content (%) —e—Temperature (°C) L1 —a—Temperature (°C) L2 —a—Temperature (°C) L3
a) —e—Temperature (°C) L4 ——SNI Temperature (°C)
100 38
90 37
80 36
70
. 35
g 0 f : .
2 34 o
£ s A 3
S
] \VZaav4 3 g
9 40 c
& s
H 2 X
30 s}
20 31
10 30
0 29
o 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
Day
—o—Water content (%) LS —m—Water content (%) L6 —&— Water content (%) L7 —e—Water content (%) L8
——SNI Water Content (%) —s—Temperature (°C) L5 —=—Temperature (°C) L6 —a—Temperature (°C) L7
b) —e— Temperature (°C) L8 —— SNI Temperature (°C)
20 10
80
38
70
— 7
60 Y
— 6
& =
g < 5 §
3 . 3
40 27 2
g £
2 33
B - o
— 32
20
—_— 31
10 30
0

Day

—o— Water content (%) L9
——SNI Water Content (%)
—o—Temperature (°C) L12

—+—Temperature (°C) L9
SNI Temperature (°C)

c)

—#—Water content (%) L10  —a— Water content (%) L11
—u—Temperature (°C) L10

—e— Water content (%) L12
——Temperature (°C) L11

Figure 1. a) Water content and temperature monitoring in L1-L4, b) Water content and temperature monitoring
in L5-L8, ¢) Water content and temperature monitoring in L9-L12

and 90%, respectively. The optimal range of water
content is 70-80%, with the lower limit is 40-55%
(Dortmans et al., 2021; Bortolini et al., 2020). In this
experiment, water content was adequate with the
ideal condition except of TD. Water content of TD
reached more than 80% because physical character-
istic influenced by raw material that contains more
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water. Microorganisms and larvae metabolic activi-
ties influenced by water content because have a role
to supply oxygen indirectly (Bernal et al., 2009) and
potential causing environmental odour and nutrient
leachate (Dortmans, 2015). Bioconversion process
of all experiment variation resulting, the lowest and
the highest water content of compost were 42% and



Journal of Ecological Engineering 2025, 26(3), 177-186

54%, have met with the Indonesia standard for com-
post quality. L5-L8 using TD as raw material has the
highest water content among GM and FW. Based
on analysis of initial characteristics, water content
of TD was around 88%, the highest compared to
water content of FW (75%) and GM (11%). This
is the reason that compost produced from materi-
als using TD mixture has the highest water content.
Composting process using TD can produce compost
with water content 50-54% after drying in compost
house three days before harvesting. As reported by
Aja and Al-Kayiem (2014), composting process
with water content more than 60% required post-
treatment such as advanced drying. Compost drying
was conducted to meet compost quality standard.
This aims to avoid odours and sticky compost mak-
ing it difficult to handle. Dortmans (2015) reported
that the high moisture of raw material caused foul-
smelling and sticky.

The changes of temperature during compost-
ing process recorded in mesophilic with ranged
between 33 °C and 39 °C, slightly above the am-
bient temperature (Figure la—c). The higher tem-
perature during process indicate biodegradation
was undergone (“Ci‘ckova, 2015). The increas-
ing of temperature caused by microorganisms re-
leased heat to metabolism of organic matter from
raw material (Pandebesie et al., 2022). The study
has shown that temperature could rise up to 39 °C
(mesophilic phase). As reported by Wagas et al.,
(2023), combination of actinomycetes, fungi and
bacteria metabolism C-abundant rapidly in raw
material during mesophilic phase. Aerobic process
in tolerable temperature with range 15 °C and 40
°C will produce heat. During mesophilic phase,
rapid composting by larvae occurs to convert raw
material with higher air circulation to prevent tem-
perature in constant condition (Pang et al., 2020).

Physical qualities based on Indonesia standard
(SNI) regarding compost quality apart from temper-
ature and water content, are colour and odour. Final
result after harvesting reported compost has black
soil colour and earthly aromatic flavour. There was
indicating that compost already reached its maturity
(Diener et al., 2011). Figure la— shows that the fi-
nal measurement of compost water content meets
SNI as depicted by the red line (maximum 50%).
In line with the temperature which is also in accor-
dance with SNI, maximum 30 °C (blue line).

The pH during process was daily monitored
which is represent in Figure 2a, b and ¢ shown simi-
lar trend for all experiment variation. The initial pH
was starting from 6.4-6.8, decreasing until 4.6-4.9

and increasing reached 7.0 in 15™ day measurement.
The lowest pH occurred on days 7, similar with pre-
vious study (Ahmad et al., 2023). The increasing
of pH was representing the process reaching cur-
ing phase (Bernal et al., 2009). The changes of pH
4.6-4.9 become 7 indicated maturing stage was oc-
curring before harvesting (Wei et al., 2007). The pH
of compost from all research variations was within
the range of quality requirements, namely 6.8—7.5 as
depicted by the red and blue line.

Analysis of carbon to nitrogen ratio

Final carbon to nitrogen ratio of compost re-
sulting from all research variation shown in Fig-
ure 3. The study showed C/N ranged between 10
and 20, the highest was 20 (L5) and the lowest
was 10 (L12). All of the experiment variation met
the compost quality based on Indonesia standard
(black and red line). The reduction carbon in com-
posting process which caused by microorganism
and larvae activity metabolism. This activity was
resulting CO, (Sarpong et al., 2018). Meanwhile,
increasing of nitrogen probably caused by larvae
activities and nitrification process by bacteria
(Bernal et al., 2009). C/N value of 15 and below
is highly recommended for agronomic. C/N value
less than 20 is suitable for plants, mineralize of
organic nitrogen to inorganic (Pan et al., 2012).

Analysis of phosphorous

The study showed phosphorus ranged be-
tween 0.13-0.40% (Figure 4). Raw material used
GM, TD and FW with all variation was proper
with Indonesia standard (minimum 0,10%). The
highest phosphorus produced by variation 100%
GM with MW and MoL addition. Livestock ma-
nure is a potential phosphorus sources reached
70—80% which is appropriate for agriculture pro-
pose (Karunanithi et al., 2015). During compost-
ing process, only small part of organic phospho-
rus can be degraded by microorganism. Phytic
acid is the main component of organic phospho-
rus which is found in livestock manure (Xie et al.,
2023). This is the reason why compost resulting
from 100% GM raw material reached the highest
phosphorus among TD and FW.

Analysis of potassium

Figure 5 represented final measurement of po-
tassium for L1-L12. The highest potassium was

181



Journal of Ecological Engineering 2025, 26(3), 177-186

- 24
%
55
5
45
4
o 1 2 3 4 s & 7 8 9 10 11 12 13 14 15 16
Day
a) ——pHLL —m—pHL2 —4—pHL3 —o—pHL4 ——MinSNI ——MaxSNI
8
75
’ s -
6,5 _
6
e
o
55
5
45
4
o 1 2 3 4 s 6 7 8 9 10 11 12 13 14 15 16
Day
b) ——pHLS —B—pHL6 —A—pHL7 —+pHL8 =———=MinSNI =——=MaxSNI
8
7.5
; /,‘72 o o
65
6
I ss
s
45
4
o 1 2 3 4 s & 7 8 9 10 11 12 13 14 15 16
Day
C) ——pHL9 ~—8—pHL10 —A—pHl1l1l —e—pHL12 =——=pHMinSNI ===pH MaxSNI

Figure 2. a) pH measurement in L1-L4, b) pH measurement in L5-L8, ¢) pH measurement in L9-L.12

0.38% (L2 and L4) using 100% GM added by  which used variation raw material 30% GM and
MW and MoL. Potassium could be resulted from ~ 70% TW. According previous study decreased
recycling from manure compost (Nguyen et al.,  potassium might be caused by loss of potassium
2024). Meanwhile the lowest K was 0.21% (L6) salts through excessive leaching (Sommer 2001).
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Water content of L6 reported had high water con- GM and 70% FW had water content less than
tent reached 80%, it probably causing excessive TW reached potassium ranged between 0.30%
leaching. Raw material of compost using 30%  and 0.35%. However, all reactors can produce
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Table 2. MANOVA test

Variation Sig. number | Sig. limited Hypotesis Conclusion
Raw material 0.160 >0.05 H,Accepted Raw material had no effect
MW addition 0.040 <0.05 H, Rejected MW addition had effet
MoL addition 0.042 <0.05 H, Rejected MoL addition had effect
Raw material*WM addition*MoL addition 0.132 > 0.05 H,Accepted | All variation combined has no effect

compost that has a potassium value in accordance
with SNI (red line).

Statistical analysis

Multivariate Analysis of Variance (MANO-
VA) with normality and homogeneity test were
conducted to examine the effect of research var-
iation on compost quality. Based on normality
test using Kolmogorov-Smirnov method for raw
material composition, MW addition and MoL
addition versus compost quality reported all sig
number > 0.05. It indicated the data was nor-
mal. Continuing homogeneity test using Levene
method sig number ranged between 0.070 and
0.971 (> 0.05) shown the data is homogenous.
The requirement data before MANOVA had
been achieved. MANOVA conducted with the
null hypothesis for assumes that the mean of the
treatment combination is equal (no treatment ef-
fect of the compost quality).

H, — the mean of variation is identical (no var-
iation effects for compost quality)

H, — the mean of variation had effect for com-
post quality

Mean value to evaluate effect of raw materi-
al variation, MoL. and WM addition to compost
quality shown in Table 2. Based on statistical
analysis, research variation that have an influ-
ence on the overall compost quality are MW
and MoL addition.

The analysis of the physicochemical proper-
ties showed that in this study, all the treatment
met the compost maturity based on Indonesia
standard. However, this study also examined
which variation give effect to compost quality.
The significant value of research variation (<
0.05) showed by MW and MoL addition than
those raw material and all combination. From
the results of statistical analysis, it was found
that the research variation that had an influence
on compost quality was the addition of WM and
MoL. It supported by data from Figure 3, the
lowest C/N resulted by L5 (no WM and MoL
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addition) and the highest C/N founded in L12
(WM and MoL addition).

WM addition can be successfully support
to improve C/N because high protein contains
(Lalman et al., 2004). In line with research
conducted by Naveen Desai et al., 2026, which
shows that MW can be successfully treated into
compost. Composting process that decomposed
organic material use nitrogen to build cell
structure that can be supported by MW addi-
tion. MoL addition can be supported compost-
ing in acceleration of organic decomposition.
MoL has a basis fuction as a starter in compost-
ing (Wikurendra et al., 2022).

The limitation of using compost produced
from this research is still required to detail chemi-
cal and microbiological tests. The use of compost
in soil improvement still requires inorganic ferti-
lizer. Meanwhile, the advantage of the research
results is provides a preliminary practice that WM
can be processed using BSF larvae composting
which is easy to operate, requires a relatively
short time, around 15 days and the results meet
compost quality standards in Indonesia.

CONCLUSIONS

Waste milk, food waste, tofu dregs and goat
manure can be successfully converted and de-
composed into useful friendly fertilizer with
standard limit in Indonesia. Water content,
temperature and pH were monitored every day
have met the standard limits. However special
management is required regarding water con-
tent that is too high causing by tofu dregs in
compost material. This is in line with C:N ratio,
phosphorous and potassium which also meets
compost quality standard for all larvero. MW
and MoL addition that have an influence on
the overall compost quality based on Indonesia
standard. WM has the potential to be processed
using compost and can be an additional materi-
al that influences the quality of compost.
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