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ABSTRACT: Liquid fertilizer made from fish waste contains relatively high nutrients and effectively removes unpleasant odors
during production. Coffee grounds are often used to remove unpleasant odors in rooms. This study aims to utilize coffee
grounds to remove unpleasant odors in the production of liquid organic fertilizer from fish waste. The factorial experiment's first
factor was the raw material for making liquid organic fertilizer (LOF), consisting of cow blood waste (P1) and fish waste (P2),
while the second factor was the addition of coffee grounds at levels of 0% (K0), 10% (K1), 20% (K2), 30% (K3), and 40% (K4). The
experiment was repeated three times using a completely randomized design (CRD). The results showed that adding coffee
grounds at 20-30% of the total material could reduce the strong odor to a milder one, changing to a fermented smell at the end
of the LOF production. Adding coffee grounds increased the macro and micronutrient content and reduced the C/N ratio in the
resulting LOF. Adding 20-30% coffee grounds from the total raw materials is a solution to the problem of producing LOF from
fish waste that remove unpleasant odors, while also utilizing coffee grounds that is usually discarded and can pollute the
environment.
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I. INTRODUCTION

The advancement of technology and industrialization in the fisheries sector has led to an increase in fish waste. Fish business
operators dispose of waste in open areas, causing unpleasant odors that disturb the community (Jayvardhan & Arvind, 2020).
Fish waste is rich in protein, organic carbon, flavonoids, magnesium, potassium, phosphate, and sulfate. Processing fish waste
into organic fertilizer builds a utilization cycle for caught fish, where its waste is processed into fertilizer at a low cost in an
environmentally friendly circular economy process (Coppola et al., 2021; Muscolo et al., 2022). Using organic fertilizer from fish
waste mixed with manure effectively improves soil chemical properties (pH, organic carbon, and CEC) and the availability of N, P,
and K in sandy soil. The effectiveness of increasing total soil N varies from 3242 to 7579%, available P varies from 1746 to
4069%, and K exchange value ranges from 87 to 2567% (Winarso et al., 2020). Liquid Organic Fertilizer from fish waste is used as
a starter, and the resulting compost has organic C content of 5.17%; Nitrogen of 0.83%; Phosphorus of 0.48%; and Potassium of
0.16%, meeting SNI standards (Fahlivi, 2018; Kusuma et al., 2019).

Fish waste, consisting of heads, intestines, fins, bones, and uneaten fish, is a valuable resource for enhancing soil fertility and
plant growth (Balraj et al., 2014). Fish waste extract at a concentration of 20 ml/l solution is the best treatment to increase
cucumber growth, yield, and quality (Ellyzatul et al., 2018). LOF from blood waste and fish waste has higher nutrient content,
improving the growth, yield, and nutrient content of eggplant, pakcoy, and mustard compared to POC from vegetable, fruit,
sprout, and food waste (Haryanta et al., 2023). Catfish pond wastewater mixed with fish waste can be processed into LOF used
as a medium for growing vegetables using an organic hydroponic system (Gustiar et al., 2022). Soil fertilization with fish waste
fertilizer significantly increases nitrogen, phosphorus, potassium, sodium, calcium, and magnesium in lettuce and Chinese
cabbage leaves (Radziemska et al., 2019; Thankachan & Chitra, 2021). Bokashi organic fertilizer from fish waste has organic C
content of 13.98%-17.77%, total N of 3.23%-7.80%, C/N ratio of 16.9-55.0, total P of 1.46%-2.90%, and total K of 0.92%-1.46%,
not yet meeting SNI standards (Ciptono & Khoir, 2022). Liquid organic fertilizer from fish waste has higher nutrient content than
LOF from plant waste, but its production process emits an unpleasant odor (Haryanta et al., 2022).
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The amount of coffee grounds produced annually worldwide reach 6 million tons, sourced from households, coffee shops,
cafeterias, restaurants, and the instant coffee industry (Franca & Oliveira, 2022). Coffee grounds contain 2.28% nitrogen, 0.06%
phosphorus, and 0.6% potassium, but liquid organic fertilizer made from coffee grounds alone without other materials does not
meet Indonesian national standards for nitrogen, phosphorus, and potassium content (Febrian & Ismail, 2022). Coffee grounds
are richer in C, N, P, and K elements, and when mixed with eggshell waste, increase Ca and Mg content (Tombarkiewicz et al.,
2022). Coffee grounds can replace chemical fertilizers and have proven effective in enhancing plant growth, increasing nutrient
content, and being environmentally friendly (Bomfim et al., 2022). Liquid organic fertilizer from coffee grounds, sheep manure,
and banana peels has higher phosphorus (P), potassium (K), calcium (Ca), magnesium (Mg), and sodium (Na) content than
compost tea, improving lettuce growth and yield (Bedhasa et al., 2020). Using coffee grounds for fertilizer allows waste
management to increase agricultural productivity (Ciesielczuk et al., 2019). Applying composted coffee grounds increases the
carotenoid, nitrogen, and potassium content in lettuce leaves compared to fresh coffee grounds application (Gomes et al.,
2013). Coffee grounds processed into activated carbon can be used in the fertilizer and wastewater treatment industries
(Mariana et al., 2018). Coffee grounds compost can increase soil pH, growth, and yield of mustard greens (Jumar et al., 2023).
Coffee grounds are used to remove pollutants (Johnson et al., 2022). Coffee grounds are natural carbon that can be used as an
adsorbent matrix in producing slow-release fertilizers (Setiawan et al., 2020).

The potential for processing fish waste into liquid organic fertilizer is very high, but the emergence of unpleasant odors
during processing is an obstacle for the community. Coffee powder is utilized for odor removal, yet increasing coffee
consumption results in significant coffee grounds waste. Coffee grounds can be utilized as a mixture in making liquid organic
fertilizer from fish waste, expected to remove the unpleasant odor that has been a hindrance in making LOF from fish waste.
This study aims to process fish waste and coffee grounds into organic fertilizer for urban agriculture development, find waste
materials that can reduce unpleasant odors during LOF production from animal waste, and find appropriate technology formulas
for processing fish or animal waste in general into LOF. The results of the study will recommend to the community the process of
making liquid organic fertilizer from fish waste.

Il. MATERIALS AND METHODS
A. Preparation of Raw Materials

The raw material for making liquid organic fertilizer consists of fish waste from fish traders in markets which is abundantly
available in traditional markets in the city of Surabaya (figure 1.a). Coffee grounds were obtained from traditional coffee shops
which are widely available in the city of Surabaya (figure 1.b).

b)

Figure 1. Liquid Organic Fertilizer raw materials: a) Steamed fish waste; b) Coffee drinking waste (coffee grounds)

B. Experimental Design
A factorial experiment with two factors was conducted using a Completely Randomized Design. The first factor involved the
type of raw material for liquid organic fertilizer (LOF), consisting of cattle blood waste (P1) and fish waste (P2), while the second
factor included the addition of coffee grounds in the raw material, with additions of 10% (K1), 20% (K2), 30% (K3), 40% (K4), and
0% (KO) of the total raw materials. The experiment consisted of 8 treatment combinations, and the experimental units were
arranged in a Completely Randomized Design. Each experimental unit consisted of one LOF production unit using 1 kg of raw
materials in 5 L LOF production container.
LOF Production Process
The stages of the LOF production process are as follows:
e Make a starter solution by mixing 500 ml of EM4 solution with 500 g of sugar and 4 L of well water, stirring until the sugar
dissolves, then incubating for 3-5 days.
e Drill a hole in the lid of the container wide enough for a small hose, insert the hose into the hole, and seal it with wax to
make it airtight.
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¢ Boil the cow blood waste by placing it in boiling water for 20-30 minutes or until the blood clots perfectly.

e Steam the fish waste (catfish entrails) for 30-60 minutes or until the fish waste is no longer oily.

¢ Drain the fish waste or cow blood waste until air-dry.

¢ Blend the raw materials according to the treatment, adding 500 ml of water.

¢ Add coffee grounds to the cow blood or fish waste according to the treatment, adding 200 g of bran, 250 ml of coconut
water, 750 ml of starter solution, and 1000 ml of well water, so the total volume is 2-2.5 |, then place it in a 5 | container
and stir until even.

e Place the lid on the container with the hose, ensuring the end of the hose does not enter the liquid in the container, while
the other end of the hose is placed in a plastic bottle filled halfway with water, ensuring the end of the hose is submerged
in water.

¢ Incubate the mixture for 4 weeks, and every week, open the lid and stir the mixture as needed, observing the physical
condition, color, odor, temperature, and pH.

e Harvest the LOF after 4 weeks of incubation by opening the container lid, observing the physical condition, color, odor,
temperature, and pH of the liquid, then filtering it in stages. The first filtration uses a coarse filter, and the second
filtration uses a fine filter with cloth.

Store the harvested LOF from the second filtration in a light-proof plastic bottle and label it according to the treatment.

C. Experimental Variables and Data Analysis

During the LOF incubation period, the observed variables changed in the physical condition, color, odor, temperature, and pH
of the LOF materials. The harvested POC was tested in the laboratory to determine the content of macro and micronutrients and
organic C. The macro and micro nutrient content was measured using the Kjeldahl method for nitrogen content, the Atomic
Absorption Spectrophotometer (AAS) method for P, K, CaO, MgO, and Fe content, and the spectrophotometer method for
organic C content.

The data on changes in the physical condition, color, odor, temperature, and pH of the LOF materials were analyzed
descriptively qualitatively. The data on the macro and micro nutrient content were analyzed using analysis of variance (ANOVA),
and if there were significant differences between treatments, further tested with the 5% LSD test.

I1l. RESULTS AND DISCUSSION
A. Changes in the Physical Appearance of Materials

During the fermentation process of making LOF, the physical appearance of the raw materials changes, starting from the
original appearance of the materials, which expand, foam, and have air bubbles, with white powdery substances appearing. The
physical appearance changes were almost the same for all LOF material mixtures. Data on the changes in the physical
appearance of the materials are presented in Table 1.

Table 1. Data on changes in the physical appearance of the mixture of fish waste and coffee grounds during the LOF
production process

Treatment Week | Week I Week 111

Ko P1 Expands, foamy, white mass |[Expands, foamy, white mass [Expands, foamy, white mass
K1 P1 Expands, foamy, white mass |[Expands, foamy, white mass [Expands, foamy, white mass
K2 P1 Expands, foamy, white mass |[Expands, foamy, white mass [Expands, foamy, white mass
K3 P1 Expands, foamy, white mass |[Expands, foamy, white mass [Expands, foamy, white mass
K4 P1 Expands, foamy, white mass |[Expands, foamy, white mass [Expands, foamy, white mass
Ko P2 Maggots present Maggots present Maggots present

K1 P2 Expands, foamy, white mass |[Expands, foamy, white mass [Expands, foamy, white mass
K2 P2 Expands, foamy, white mass |[Expands, foamy, white mass [Expands, foamy, white mass
K3 P2 Expands, foamy, white mass |[Expands, foamy, white mass [Expands, foamy, white mass
K4 P2 Expands, foamy, white mass |[Expands, foamy, white mass [Expands, foamy, white mass with mold

B. Odor Changes

In the production of LOF from fish waste and cattle blood waste, an unpleasant odor resembling a strong, almost rotten
smell was emitted. On the other hand, during the LOF production process, fermentation occurs, emitting a smell like fermented
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tape. Odor measurement of the LOF biomass materials used a scoring scale from the most unpleasant odor (scale 7) to a strong

tape smell (scale 1). The odor measurement was conducted by a panel of 4 people, and the results were averaged. Data on the

odor changes of the biomass materials during the LOF production process are presented in Table 2. Adding 30% coffee grounds

(P3) could reduce the unpleasant odor in the fish waste raw materials (P2), even changing the unpleasant odor to a tape smell at

the end of the LOF production (21 days of fermentation). Fish waste raw materials had a more unpleasant odor than cow blood

waste raw materials. (Woo et al., 2017) concluded that activated carbon from coffee grounds could remove odors caused by

acetaldehyde produced from a process or material. Coffee grounds can remove unpleasant odors around cattle pens from cow

manure (Kim et al., 2021). Activated carbon from coffee grounds meets the quality standards specified in SNI No. 06-3730-1995,

proving more efficient and effective in absorbing ammonia, a compound responsible for unpleasant odors (Mariana et al., 2018).

(Fitriyanto et al., 2019) found that adding 30% chicken feces to liquid goat faces could remove unpleasant odors during the LOF

production process.

Table 2. Data on odor changes of the mixture of fish waste and coffee grounds during the LOF production process

Treatment Week 0 Week | Week I
KO P1 5.75 5.75 5.75
K1 P1 4.25 5.00 6.50
K2 P1 4.00 4.25 3.50
K3 P1 4.00 4.50 3.75
K4 P1 4.75 4.75 4.25
KO P2 6.00 6.50 7.00
K1 P2 6.00 6.00 5.25
K2 P2 6.50 6.00 4.75
K3 P2 5.00 4.50 4.25
K4 P2 5.00 4.25 3.75

Note: Odor measurement used the following scoring scale: 7: very unpleasant odor; 6: very unpleasant odor; 5: unpleasant odor;

4: no odor/unpleasant odor; 3: slight tape aroma (noticeable with concentration); 2: tape smell (in normal conditions); 1: strong

tape smell
C. Color
Table 3. Data on color changes of the mixture of fish waste and coffee grounds during the LOF production process
Treatment Week 0 Week I Week II Week Il
Dark Dark
KO P1 (100% cow blood waste) Brown Brown
Brown Brown
Dark Dark Dark
K1 P1 (10% coffee grounds, 90% cow blood waste) Brown
Brown Brown Brown
Dark Dark Dark Dark
K2 P1 (20% coffee grounds, 80% cow blood waste)
Brown Brown Brown Brown
Dark Dark Dark Dark
K3 P1 (30% coffee grounds, 70% cow blood waste)
Brown Brown Brown Brown
Dark Dark Dark Dark
K4 P1 (40% coffee grounds, 60% cow blood waste)
Brown Brown Brown Brown
Yellowish | Yellowish | Yellowish | Yellowish
KO P2 (10% coffee grounds, 90% cow blood waste)
Brown Brown Brown Brown
. Yellowish | Yellowish
K1 P2 (20% coffee grounds, 90% fish waste) Brown Brown
Brown Brown
Light Light
K2 P2 (10% coffee grounds, 80% cow blood waste) Brown Brown
Brown Brown
Light Light
K3 P2 (30% coffee grounds, 70% cow blood waste) Brown Brown
Brown Brown
Light Light
K4 P2 (40% coffee grounds, 60% cow blood waste) Brown Brown
Brown Brown
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The color changes from the original color of the materials, with cow blood being maroon, fish waste being yellowish-brown,
and coffee grounds being black, to darker colors at the end of the process (harvest time). Data on color changes of the biomass
materials during the LOF production process are presented in Table 3.

D. Temperature (°C)

During the LOF production process, temperature measurements indicated that there was no heat generation, with material
temperatures remaining nearly equivalent to room temperature. The temperature of LOF materials remained stable throughout
the fermentation process, and there were no significant differences observed among treatments. Detailed temperature data for
biomass materials during LOF production are presented in Table 4.

Table 4. Data on temperature (°C) changes of the mixture of fish waste and coffee grounds during the LOF production process

Treatment Week 0 Week | Week I Week Il
KO P1 (100% cow blood waste) 29.50 28.50 27.50 28.50
K1 P1 (10% coffee grounds, 90% cow blood waste) 28.40 28.50 27.70 29.10
K2 P1 (20% coffee grounds, 80% cow blood waste) | 29.70 28.50 27.70 29.30
K3 P1 (30% coffee grounds, 70% cow blood waste) 29.30 28.50 27.70 29.90
K4 P1 (40% coffee grounds, 60% cow blood waste) | 28.80 28.70 27.90 28.10
KO P2 (10% coffee grounds, 90% cow blood waste) 31.50 29.30 27.70 28.50
K1 P2 (20% coffee grounds, 90% fish waste) 31.40 28.70 27.90 29.30
K2 P2 (10% coffee grounds, 80% cow blood waste) | 31.70 28.50 27.50 29.30
K3 P2 (30% coffee grounds, 70% cow blood waste) 31.90 28.70 27.70 29.20
K4 P2 (40% coffee grounds, 60% cow blood waste) 31.70 28.70 27.10 29.10

E. pH

During the LOF production process, organic materials are decomposed into inorganic materials, producing gaseous
byproducts that affect the odor, color, and acidity levels in the LOF liquid. Data on pH changes of the biomass materials during
the LOF production process are presented in Table 5. In general, pH decreased (acidic condition) in week I-ll and increased back
to neutral or slightly alkaline in week Ill. Adding coffee grounds to fish waste did not significantly affect the physical appearance,
color, temperature, and pH during the LOF production process. The research data align with (Fitriyanto et al., 2019), who
concluded that adding chicken manure to goat manure liquid did not significantly affect color, pH, temperature, organic N
content, and NO3 levels in LOF.

Table 5. Data on pH changes of the mixture of fish waste and coffee grounds during the LOF production process

Treatment Week 0 Week | Week I Week I
KO P1 (100% cow blood waste) 7.0 5.5 7.5 7.3
K1 P1 (10% coffee grounds, 90% cow blood waste) 7.0 59 6.5 7.0
K2 P1 (20% coffee grounds, 80% cow blood waste) 7.0 6.0 6.5 7.0
K3 P1 (30% coffee grounds, 70% cow blood waste) 6.9 7.0 6.8 7.0
K4 P1 (40% coffee grounds, 60% cow blood waste) 6.0 6.5 7.0 7.5
KO P2 (10% coffee grounds, 90% cow blood waste) 7.5 5.5 7.5 7.5
K1 P2 (20% coffee grounds, 90% fish waste) 7.0 5.5 7.0 7.8
K2 P2 (10% coffee grounds, 80% cow blood waste) 7.0 5.5 7.0 7.7
K3 P2 (30% coffee grounds, 70% cow blood waste) 7.0 5.0 7.0 7.5
K4 P2 (40% coffee grounds, 60% cow blood waste) 7.0 5.5 7.0 7.9

F. Macro Nutrient Content

The optimal nutrient levels in liquid organic fertilizer from a mixture of fish waste and coffee grounds include 30% total
nitrogen ranging from 0.118% to 0.170%, optimal P205 ranging from 1.82% to 2.09% with 10% coffee grounds addition, optimal
K20 ranging from 0.77% to 1.01% with 20% coffee grounds addition, optimal organic carbon ranging from 2.02% to 2.50% with
20% coffee grounds addition, and an optimal C/N ratio ranging from 14.99 to 17.92 with 30% coffee grounds addition. Data on
the analysis of macro nutrient contents in the liquid organic fertilizer made from a mixture of fish waste and coffee grounds are
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presented in Table 6. Adding coffee grounds to fish waste generally increases macro nutrient content in LOF. According to
(Ciesielczuk et al., 2015), coffee grounds-based fertilizers are rich in nitrogen, potassium, calcium, and organic matter, with low
heavy metal content that decomposes slowly. Research by (Hepsibha & Geetha, 2019) concluded that organic fertilizers from

fish waste contain macro and micro nutrients and essential amino acids.

Table 6. Data on macro nutrient content in LOF from a mixture of fish waste and coffee grounds

Treatment Organic material (%)Total N (%) [P205 (%) K20 (%) Organic C (%) |C/N Ratio
Ko 4.06 d 0.118 d 1.82 b 0.77 ¢ 2.02 d 17.92 a
K1 4.69 ¢ 0.135 ¢ 2.06 a 0.82 b 2.30 c 16.99 b
K2 4.75 b 0.148 bc 2.04 a 0.99 a 2.50 a 16.66 ¢
K3 4.87 a 0.170 a 2.09 a 1.00 a 2.48 ab 15.05 d
K4 4.85 a 0.157 b 2.04 a 1.01 a 2.38 bc 14.99 d
LSD 5% 0.08 0.015 0.10 0.06 0.11 0.33

P1 4.04 b 0.154 a 1.59 b 0.74 b 2.44 a 15.96 b
P2 5.25 a 0.137 b 2.42 a 1.10 a 2.33b 16.68 a
LSD 5% 0.05 0.009 0.07 0.04 0.07 0.21

Note: Numbers within the same column followed by the same letter are not significantly different based on the LSD test at 5%;
NS = not significant.
Ko:: addition of 0% coffee grounds; K1: addition of 10% coffee grounds
K2:: addition of 20% coffee grounds; K3: addition of 30% coffee grounds
Ka:: addition of 40% coffee grounds; P1: cattle blood waste; P2: fish waste

G. Micro Nutrient Content
Table 7. Data on micro nutrient content in LOF from a mixture of fish waste and coffee grounds

Treatment Mg (%) Ca (%) Cu (ppm) Zn (ppm) Humic Acid (%)
Ko 0,265 1,23 ¢ 1,57 b 4,24 c 1,11 ¢

K1 0,268 1,28 bc 1,94 a 4,61 b 1,21 b

K2 0,270 1,33 abc 1,92 a 4,77 ab 1,33 a

K3 0,267 1,39 a 1,92 a 4,85 a 1,33 a

K4 0,265 1,37 ab 1,83 a 4,74 ab 1,35 a

LSD 5% NS 0,10 0,19 0,21 0,09

P1 0,269 1,13 b 1,18 b 2,35 b 1,11 b

P2 0,265 1,51 a 2,49 a 6,93 a 1,42 a

LSD 5% TN 0,06 0,12 0,13 0,05

Note: Numbers in the same column followed by the same letter are not significantly different based on the 5% LSD test; NS = not
significant

Ko:: addition of 0% coffee grounds; Ki: addition of 10% coffee grounds

K2:: addition of 20% coffee grounds; Ks: addition of 30% coffee grounds

Ks:: addition of 40% coffee grounds; P1: cattle blood waste; Pa: fish waste

The Mg content ranges from 0.265 — 0.270%, not significantly different with coffee grounds addition. Ca content ranges from
1.23 — 1.39%, with the optimal value at 30% coffee grounds addition. Cu content ranges from 1.57 — 1.94 ppm, with the optimal
value at 10% coffee grounds addition. Zn content ranges from 4.24 — 4.85 ppm, with the optimal value at 20% coffee grounds
addition. Humic acid content ranges from 1.11 — 1.35%, with the optimal value at 20% coffee grounds addition. Adding coffee
grounds to fish waste can increase the content of calcium, zinc, copper, and humic acid in LOF. Data on the micronutrient
content analysis of liquid organic fertilizer made from a mixture of fish waste and coffee grounds are presented in Table 7.
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Liquid organic fertilizer from coffee grounds and banana peels through aerobic fermentation shows higher phosphorus (P),
potassium (K), calcium (Ca), magnesium (Mg), and sodium (Na) content compared to compost tea solution (used as a control)
(Bedhasa et al., 2020). Heavy metal content is very low, far below the allowable threshold. According to (Bomfim et al., 2022),
coffee grounds show excellent performance when applied to soil and composting because they are nutrient-rich organic waste
without heavy metals.

V. CONCLUSIONS

The addition of coffee grounds to fish and blood waste does not affect the physical properties of the biomass materials but
significantly reduces unpleasant odors during the production of liquid organic fertilizer (LOF). Adding 20-30% coffee grounds
from the total materials can remove the strong unpleasant odor, changing to a mild smell and eventually a fermented tape at
the end of the LOF production. Adding coffee grounds to the LOF production from fish waste and cow blood waste can increase
macro and micro nutrient content and reduce the C/N ratio in the resulting LOF. Adding 20-30% coffee grounds from the total
raw materials provides a solution to the problem of unpleasant odors in the LOF production from fish waste and cow blood
waste, while also utilizing coffee drinking waste that is usually discarded and can pollute the environment.
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