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Importance of the work: Food waste is an environmental issue in Indonesia that requires
greater attention. One effort to address the problem is ‘Masaro’ (an abbreviation for
“zero waste management” in Indonesian) technology, with its main product being organic
liquid fertilizer. However, this fertilizer can experience pH escalation due to deterioration
when it is oxidized. Therefore, a solution is needed to prolong its shelf life.

Objectives: To extend the shelf life of organic liquid fertilizer from food waste using
Masaro technology.

Materials and Methods: Several types of food waste were chopped and then fermented
in two stages to form a product. Variations were investigated in the organic waste type,
the addition of phosphate buffer and the product storage conditions.

Results: The organic waste producing the highest pH (6—8) was mustard greens due
to their carbohydrate content being the lowest. Phosphate buffer addition significantly
maintained the pH levels at 3—4 for all food waste types, as well as enhancing the number
of probiotic bacteria, reducing the presence of pathogenic bacteria and increasing the
nutrient contents (amino acids and fatty acids) in the product. The optimal storage
conditions for the liquid fertilizer produced were a temperature of 8—10°C without
exposure to direct sunlight. On the other hand, high temperatures and greater light
exposure expedited oxidation.

Main finding: The application of phosphate buffers, storage at low temperatures and
no sunlight exposure significantly reduced fertilizer deterioration through oxidation.
These findings should help to ensure the shelf life extension of organic liquid fertilizer
to longer than 1 yr.
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Introduction

The estimate that only 60% of waste in Indonesia can be
transported to the final disposal site (landfill) has been
categorized as an outdated waste management paradigm
based on collect-transport-dispose (Yemensia et al., 2023;
Abidin et al., 2024c). Indonesian municipal waste in 2023
consisted of 39.33% food waste, 18.75% plastic waste, 12.64%
wood waste and 11.54% paper waste, with the remainder
including metals, clothes, glass, rubber products and other
waste (KemenLHK, 2023). Thus, waste handling needs to be
handled more effectively and comprehensively, especially by
stakeholders and policy formulators.

Since food waste constitutes the largest portion, it merits the
the top priority to find solutions to reduce this component because
unmanaged waste causes unpleasant odors, is aesthetically
displeasing and can be a disease source (Iravanian and Ravari,
2020). Furthermore, long-term food-waste disposal as a landfill
can emit greenhouse gases, pollute the soil and endanger water
ecosystems (Zhu et al., 2023; Febijanto et al., 2024).

Several food waste processing options have been proposed
such as composting, direct usage as fertilizer, and maggot
technology. However, composting tends to take months
(Al-khadher et al., 2021). Direct use of waste is also interesting;
however, nutrition uptake can be negatively impacted if
the waste components are too large and hard, while maggot
technology is limited by the breeding time and its performance
is superior only for soft food waste (Nugroho et al., 2023;
Steven et al., 2024).

In addition to these limited processing options, ‘Masaro’
technology has been introduced, which is the Indonesian
abbreviation of ‘Manajemen Sampah Zero’ (zero waste
management) which shifts the waste paradigm from a cost
center to a profit center (Abidin et al., 2024d). It is a technology
that provides a practical solution to the waste problem. Instead
of going to landfill, under Masaro value is added to the waste to
encourage more sustainable usage. To reach this goal, Masaro
strongly emphasizes waste sorting at source as an important
preliminary action—either in households, in waste-producing
sectors (such as industries), in restaurants, or at landfill sites—
followed by on-site waste processing. This involves sorting the
waste into rapidly decaying organic waste (such as food items),
slow-decaying organic waste (such as seeds and the hard peel
of fruits), plastic film waste, recyclable waste and residue (such
as paper, processed wood, branches and twigs, glass and metal
objects).

Based on previous experience, Masaro technology has been
applied in various areas such as Pasawahan region, Tinumpuk
village, Cileunyi Kulon village, Cilegon village, MAN 2
Cirebon, Babakan Ciwaringin village and in cities in West
Java. At all these sites, there has been reported satisfaction
with the process by the local communities and regional heads
because the application of Masaro technology has helped to
solve the waste problem, leading to sustainability and creating
a circular economy from the sale of products such as organic
liquid fertilizer, organic liquid feed concentrate, compost,
organic pesticides and fuel (Abidin et al., 2021a; Abidin et al.,
2021b; Yemensia et al., 2023; Abidin et al., 2024c¢)

Applying Masaro technology, food waste (being s easily
decomposed) is processed into organic liquid fertilizer using
enzymatic fermentation to decompose the organic substances in
the food waste (Abidin et al., 2024b). Several factors influence
the fermentation performance, including temperature, organic
substance content, aeration and the bioreactor color. Based on
a related study, it was concluded that the optimal production
process should be carried out without aeration, using a dark
blue bioreactor and a stirring frequency of once daily to
provide organic liquid fertilizer with a guaranteed shelf life of
1 yr (Abidin et al., 2024a).

Organic liquid fertilizer production should be accompanied
by a quality guarantee regarding its shelf life to support a
circular economy and sustainable development (Stella et
al., 2019). Product usage of 1 yr is hypothesized to be valid
when the product is not stored at room temperature and not
directly exposed to sunlight. If the storage method is not as
recommended, the product then deterioration can be swifter.
Satinder (2012) reported the shelf life of microorganisms
present in organic liquid fertilizer was 2 yr with a storage
temperature not exceeding 55°C.

The pH is the most important parameter that reflects the
stability of organic liquid fertilizer, which can be stabilized
by adding a buffer. According to Zulfarosda et al. (2022), a
phosphate buffer maintained the fertilizer pH in the optimal
range, acting as a pH-lowering solution in liquid fertilizer,
without having a negative effect on plants. Hartman et al.
(2016) reinforced the role of phosphate as a trigger in the
systemic acquired resistance mechanism in plants and in
inducing the growth of plant roots. Therefore, apart from
determining the optimal fermentation for liquid fertilizer, there
is value in extending the shelf life of organic liquid fertilizer.

Therefore, the objective of the current study was to examine
the effects of food waste type, phosphate buffer addition
and storage conditions on the pH and color change of
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organic liquid fertilizer. The food waste types investigated
were mangoes, pineapples, mustard greens and oranges.
Subsequently, the buffer concentration was used at the level
of 5%, and the storage conditions investigated were storage
temperature and sunlight exposure. The monitored results
parameters were pH and color, as well as the contents of
microbes, amino acids and fatty acids.

Materials and Methods

Food waste preparation

Several types of food waste were derived from fruits and
vegetables (mustard greens, oranges, pineapples and mangoes)
and were collected from the local market in Caringin, Bandung,
West Java, Indonesia. Initially, the collected waste samples
were pulverized until has a slurry form to ease the fermentation
process (Fig. 1).

Main experiments

The fermentation process was divided into two stages
as schematized in Fig. 1. The first stage involved reacting 2
L of each chopped food waste sample in a bioreactor with
a proprietary Masaro I catalyst. Water (5 L) was included as
a solvent. Then, all tested mixtures were stirred once daily

Fig. 1 Production process of organic liquid fertilizer from food waste
using Masaro technology (adapted from Abidin et al., 2024b)

and the process continued until all the solids had settled to the
bottom of the bioreactor. The substances from the first stage of
fermentation were filtered using a solid-liquid separator. Next,
the filtered solids were separated and the liquid was placed
in the bioreactor. Subsequently, the second stage involved
the reaction of the substances from the first stage in the same
bioreactor with a proprietary Masaro II catalyst. Water was
added until the total volume was five times greater than the
initial volume. The mixture was stirred once daily. The reaction
was considered complete when the mixture was pale yellow
and had a yeasty odor.

The organic liquid fertilizer from each waste sample was
placed in several containers and mixed with 5% phosphate
buffer (as much as 20 mL), which was believed to produce the
optimal conditions (Zulfarosda et al., 2022). The other storage
conditions were a temperature of 8—10°C or 27-30°C, with or
without direct sunlight exposure. The control conditions were
no phosphate buffer and storage outside the refrigerator with
direct sunlight exposure at 27°C—30°C (Table 1). Notably,
X = refrigeration (8—10°C) and no exposure to sunlight,
Y = no refrigeration (27-30°C) and no exposure to sunlight
and Z = no refrigeration (27-30°C) and direct exposure to
sunlight in Table | are variations in the storage conditions that
were categorized as non-continuous (discrete) parameters and
as such, there cannot be any simultaneous or interaction effects.

Table 1 Experimental variations investigated

Variable Value
Food waste type Mustard greens, Oranges, Pineapples, or Mangoes
Phosphate buffer ~ 0 mL or 20 mL

Storage conditions  X: refrigeration (8—10°C) and no exposure to sunlight

Y = no refrigeration (27-30°C) and no exposure
to sunlight

Z = no refrigeration (27-30°C) and direct exposure

to sunlight

Statistical analysis

Statistical tests were conducted in two stages. Initially,
a two-sample F-test for variances was conducted at a 95%
confidence level to assess whether there were differences
in variance between the two conditions. Based on the F-test
results, a two-sample t-test was then performed. If the variances
were significantly different (p < 0.05), a t-test assuming
unequal variances was used; otherwise, a t-test assuming equal
variances was applied. The final decision on the significance
of the pH decrease between buffer addition and the storage
conditions effects was determined using the t-test, with
statistical significant set at p < 0.05.
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Physicochemical and biological assay

pH and color

For all variations, the pH value of each tested fertilizer was
measured in triplicate using a digital pH meter (ATC-2011,
OEM Zhejiang)e. In addition, the product color was assessed
using the ImagelJ software (V 1.54, Softonic). This analysis
investigated product blackening which was used to characterize
any color change. The quantitative parameter of color changes
was the gray value which was obtained graphically from
the highest peak of the recorded results based on a scale of
0—255, where scale 0 indicates white and 255 indicates black.
The greater the gray value obtained, the darker the color of the
sample being measured.

Microbes

The microbial analysis considered Acefobacter, Pseudomonas,
Bacillus, Lactobacillus, Trichoderma, nitrogen-fixing
bacteria, phosphate-solubilizing bacteria, cellulolytic bacteria,
chitinolytic bacteria, Escherichia coli and Salmonella.
The microbes were grown on a specific agar medium and
quantification was based on the plate counting method using a
hemocytometer. For Acetobacter, 10 g of fertilizer sample was
mixed in 90 mL of physiological salt solution and then diluted
with variations of 1 x 10! g/mL, 1 x 10 g/mL, 1 x 107 g/mL,
1 x 10*g/mL, 1 x 10° g/mL, 1 x 10° g/mL and 1 x 107 g/mL.
Each variation was inoculated in an acetic acid bacteria
selective medium at 30°C (Kim et al., 2019). The bacterial
colonies were measured after incubation for 24 hr.

Based on the method of Suwito et al. (2019), the analysis
of Pseudomonas bacteria began by adding 5 mL of sample to
25 mL of buffer peptone water. Various dilutions were made up
(1x10"g/mL, 1 x10?g/mL, 1 x 103 g/mLand 1 x 10* g/mL).
A sample (1 mL) of each dilution was poured into an eosin
methylene blue agar (EMBA) medium. Then, the bacteria were
incubated at 37°C for 24 hr. Colonies growing in the EMBA
medium were treated with Gram staining and a biochemical
test was carried out subsequently to identify the bacteria.

Initially, the Bacillus bacteria were isolated. Up to 25 g
of each sample was weighed aseptically using a sterile
Erlenmeyer flask. Then, the sample was crushed and mixed
with 0.9% NaCl. Next, the solution was diluted with various
dilutions (1 x 10! g/mL, 1 x 102 g/mL, 1 x 10 g/mL and
1 x 10* g/mL). Each dilution was poured into a Petri dish
containing Bacillus selective agar medium. Then, the solution
was incubated for 24 hr at 37°C before analysis. Lactobacillus
bacteria were isolated and cultured first before analysis.

A total of 1 g of fertilizer sample was placed in a test tube
containing 9 mL of distilled water. Then various dilutions
(1 x10"g/mL,1x102g/mL, 1% 10° g/mL and 1 x 10 g/mL)
were performed in Bacillus selective agar medium. Finally, the
bacteria were incubated in the cup for 24—48 hr at 30°C.

The analysis of nitrogen-fixing bacteria began with isolation
using the pour plate method. A sample of 10 g was dissolved
in 90 mL of sterile distilled water and liquid Burk’s medium
(Singh et al., 2013) in an Erlenmeyer flask. Then, the sample
was vortexed and diluted to various dilutions (1 x 10! g/mL,
1 x 102 g/mL, 1 x 103 g/mL and 1 x 10* g/mL). Up to 1,000
pL of each sample suspension from each dilution was added
to a Petri dish containing Burk’s medium (Singh et al., 2013).
Bacterial observations were conducted daily for 57 d at
30—32°C. Bacteria that could fix nitrogen formed clear zones
(Widawati and Suliasih, 2018).

Phosphate-solubilizing bacteria were isolated and cultured
first. Up to 1 gram of fertilizer sample was dried at 105°C for
3 hr in an oven and then cooled in a desiccator. Various
dilutions (1 x 102 g/mL, 1 x 103 g/mL, 1 x 10* g/mL, 1 x 107
g/mL and 1 x 10'° g/mL) were made. Fungicide was added
to each variation. Up to 1 mL of each dilution solution was
poured into a Petri dish containing Pikovskaya agar medium.
After that, each variation was shaken and incubated for
4—7 days at 30°C.

For cellulolytic bacteria, up to 25 g of fertilizer sample
was placed in a test tube containing 250 mL of distilled water.
Various dilutions (1 x 10" g¢/mL, 1 x 102 g/mL, 1 x 10~ g/mL,
1 x10%*g/mL, 1 x 10° g/mL, 1 x 10° g/mL, 1 x 107 g/mL and
1 x 10® g/mL) were made. In total, 0.1 mL of each variation
was inoculated on cellulose agar medium and incubated at
55°C for 48 hr ( Dar et al., 2015; Arifin et al., 2019). In the
meantime, a total of 5 g of chitinolytic bacteria samples were
placed in a test tube containing 45 mL of physiological salt
solution and vortexed evenly. Various dilutions (1 x 10! g/mL,
1 x 102 g/mL, 1 x 10° g/mL, 1 x 10* g¢/mL, 1 x 10 g/mL,
1 x 10 g/mL) were made. The dilute solutions were plated
on chitin agar medium and incubated for 48 hr at 30°C.
Colonies that grew formed a clear zone (Muharni and
Widjajanti, 2011).

Up to 10 g samples of Salmonella and Escherichia coli
bacteria were homogeneously mixed in separate test tubes
containing distilled water. Each solution was diluted to either
1 x 10" g/mL or 1 x 102 g/mL. Then, 1 mL of each solution
was poured into salmonella shigella agar medium for
Salmonella bacteria and into EMBA medium for Escherichia
coli. Each variation was incubated at 35°C for 24 hr.
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The presence of Salmonella bacteria was indicated by a
transparent color with a black spot in the middle, whereas
Escherichia coli is shown by a metallic green color with a black
spot in the middle (Fatiqin et al., 2019).

Amino acids

Analysis of the amino acid content in the product was
based on high-performance liquid chromatography using
a C18 column, the mobile phase in the form of ultra-aquabides
acquisition tag eluent, a gradient pump system, a column
temperature of 49°C and a photodiode array detector.
The analysis procedure began with preparing amino acids
standards in a 10 mL volumetric flask with a minimum of six
different concentrations.

A sample (0.1 g) of each standard was placed in a 20 mL
headspace vial and 4.2 mol/L NaOH solution was added.
Next, the solution was hydrolyzed at 110°C for 20 hr.
The hydrolyzed solution was transferred into a 50 mL beaker
and citrate buffer was added. The solution was mixed with
distilled water and then homogenized. Next, the sample
solution was transferred into a 2 mL tube and centrifuged.
The supernatant was passed through a 0.45 um syringe filter
and finally injected into the instrument.

Fatty acids

The fatty acids content in the product was recorded using
gas chromatography-flame ionization detection with NaOCH,
solvent in methanol. The results were presented in terms of
concentrations of saturated fatty acids, monounsaturated fatty
acids, polyunsaturated fatty acids and volatile fatty acids.
The NaOCH,-methanol method began with preparing
a standard hexane solution at 1 concentration point. Samples
were weighed equivalent to 50 mg of fat into a 20 mL
screw-on vial. Subsequently, distilled water was added to the
sample in solid form only. The transesterification solution was
also added and the screw-on vial was closed for 10 s. Then, the
vial was opened and hexane was added and then centrifuged.
The organic phase was removed into a 2 mL vial and injected
into the instrument.

Results and Discussion

Effects of food waste type on pH of organic liquid fertilizer

The highest pH in organic liquid fertilizer is advocated
for mustard greens, followed by pineapples, mangoes and

oranges, respectively (Fig. 2). The macronutrient content
varied in every tested feedstock, as shown in Table 2. Mustard
greens have the lowest content of carbohydrates and proteins,
followed by oranges, pineapples and mangoes, respectively.
The carbohydrates and proteins in food waste greatly influence
the pH (Abidin et al., 2024a), with a lower carbohydrate
content leading to a greater pH because fewer organic acids are
formed during decomposition (Azara et al., 2021; Liu et al.,
2021). On the other hand, lower protein contents result in
fewer ammonium compounds that are formed through the
deamination phase and are naturally basic (Jiang et al., 2015;
Thakur et al., 2022).

8.5 - —®—Mustard greens
—e— Oranges

—— Pineapples
7.5 1 —e—Mangoes

Time (Days)

Fig. 2 pH profile of organic liquid fertilizer under several types of food
waste, where error bars = standard deviation.

Table 2 Macronutrient content of several types of food waste (Evans et al.,
2012; Azevedo et al., 2021).

Food waste Carbohydrate Protein Lipid

type (Yowt) (%owt) (Yowt)

Mustard greens 9.00 0.12 0.10

Oranges 21.15 0.54 0.12

Pineapples 22.95 0.94 0.12

Mangoes 28.70 1.28 0.38
wt = weight

Effects of 5% phosphate buffer on pH and color of organic
liquid fertilizer

Phosphate buffer acts as a solution to maintain the pH in the
desired and optimal range which implicitly has an impact on
the fertilizer quality. Furthermore, adding phosphate buffer can
alter the pH and color of the product. The pH profile of each
tested food waste type is presented in Fig. 3. Adding 20 mL of
5% phosphate buffer, decreased the pH of the organic liquid
fertilizer made from mango, pineapple, mustard greens and
orange wastes to 3.0, 3.3, 4.1 and 3.8, respectively.
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Fig. 3 pH profile of organic liquid fertilizer with addition of 20 mL of 5%

phosphate buffer to waste from: (A) mangoes; (B) pineapples; (C) mustard

greens; and (D) oranges, where error bars = standard deviation.

The addition of phosphate buffer to all types of food waste
significantly decreased the pH, as indicated by the t stat values
being far greater than the t critical left-tail, presented in Table 3.
Based on the pH profile and statistical analysis, the phosphate
buffer was successful in reducing and maintaining the pH
solution at 3—4 with negligible changes in dynamics.

In addition, the gray value for organic liquid fertilizer
from mustard greens after 40 d changed from 126 to 139
(Figs. 4A and 4B) while for the fertilizer made from
orange waste changed from 113 to 128 (Figs. 4C and 4D).
These increases indicated that the product color became
blacker after the phosphate buffer addition. This was consistent
with the study by Wang et al. (2018), in which the anaerobic
fermentation of food waste over time blackened the product

color due to ammonification (deamination) activity. This action
was also proven visually by Abidin et al. (2024a).

However, after 40 d, there was a slowdown in the blackening
of the fertilizer as indicated by a change in the gray value which
only increased from 172 to 176 (Figs. 4E and 4F) for mustard
greens from 170 to 171 for the fertilizer made from orange
waste (Figs. 4G and 4H). Thus, phosphate buffers extend the
product’s shelf life.
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Fig. 4 Gray value of organic liquid fertilizer made from waste from: (A)
mustard greens before buffer addition; (B) mustard greens before buffer
addition after 40 d; (C) mustard greens after buffer addition; (D) mustard
greens after buffer addition after 40 d; (E) oranges before buffer addition;
(F) oranges before buffer addition after 40 d; (G) oranges after buffer
addition; (H) oranges after buffer addition after 40 d.

Table 3 Results of statistical analysis of the pH of various food waste samples with and without phosphate buffer addition.

Parameter Mustard greens Oranges Pineapples Mangoes
No buffer Buffer No Buffer Buffer No buffer Buffer No buffer Buffer

Mean 7.35 4.13 5.57 3.74 4.86 3.27 4.11 3.11
Variance 0.49 0.00 0.52 0.00 0.23 0.00 0.24 0.01
F 198.05 262.29 70.41 48.33

p value (F test, two-tail) 0.00 0.00 0.00 0.00

t stat (unequal variances) 65.61 16.02 20.83 12.64

p value (t test, left-tail) 0.00 0.00 0.00 0.00
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Effects of 5% phosphate buffer on microbial content in organic
liquid fertilizer

Table 4 shows that Pseudomonas, Lactobacillus,
Trichoderma, cellulolytic bacteria and chitinolytic bacteria
were present after adding the phosphate buffer. This has
a positive impact on the organic liquid fertilizer content because
these bacteria secrete substances that support plant growth. For
example, Pseudomonas bacteria produce protease, lipase,
cellulase and amylase enzymes and can trigger plant growth
as biostimulants and prevent growth by pathogens (Widnyana
and Javandira, 2016). Trichoderma fungi stimulate plant
growth, augment plant tolerance to abiotic stress and prevent
plant diseases caused by pathogens (Poveda and Eugui, 2022).
Lactobacillus bacteria can produce antimicrobial compounds
such as lactic acid, acetic acid, probiotics, antibiotics and
bacteriocins (De et al., 2018). Cellulolytic bacteria decompose
organic substances into nutrients needed by plants (Hapsoh et
al., 2019), while chitinolytic bacteria act as inhibitors to the
pathogenic growth (Gohel et al., 2016).

The increase in the number of microbes after adding the
phosphate buffer confirmed that the phosphate buffer had a
positive effect on fertilizer quality. This was reinforced by the
decreases in the pathogens in the fertilizer, namely Escherichia
coli and Salmonella. Other microbes declined following
the addition of the phosphate buffer but were still above the
quality standard threshold, except for Bacillus. This could
have been due to the phosphate buffer slowing down and even
inhibiting the fertilizer fermentation process in the deamination
phase. Bacillus consumes amino acids and converts them
into ammonium (Poveda and Eugui, 2022). Consequently,
the reduced level of amino acids could have resulted in a
decreasing amount of Bacillus bacteria in the organic liquid
fertilizer.

The microbes in the fertilizers were not pathogenic
as they were in the liquid and could not readily become
airborne, thus complying with biosafety considerations for
users. Furthermore, while Escherichia coli and Salmonella
are foodborne pathogenic bacteria (Tran et al., 2020) their
concentrations were far below the standard in the fertilizer. In
fact, the recruitment of microbes is needed in the soil to prevent
plant disease from pathogens (Huang et al., 2019). Pa§mionka
et al. (2021) reported that nitrogen-fixing bacteria provide
plant protection properties from phytopathogens. Cheng et
al. (2023) also found that phosphate-solubilizing bacteria act
against phytopathogens and fungal pathogens in plants, while
Pseudomonas, Bacillus and Trichoderma can act as plant
pathogen suppressors (Tao et al., 2020; Poveda and Eugui,
2022).

Effects of 5% phosphate buffer on organic acids content in

organic liquid fertilizer

Fermentation converts biopolymeric compounds in the
food waste into more soluble monomeric compounds. Fats
and proteins are hydrolyzed into fatty acids and amino acids,
with the amino acids then being utilized for protein synthesis
and plant growth regulation and development, especially
under stress conditions (Trovato et al., 2021). Fatty acids,
especially unsaturated fatty acids, act as structural components
in membranes, providing energy for metabolic processes
and participating in protecting plants from biotic and abiotic
stress (Kalinger et al., 2018; Cahoon and Li-Beisson, 2020).
The amino acids and fatty acids in the organic liquid fertilizer
made from orange waste before and after adding phosphate
bufter are shown in Table 5.

Table 4 Microbial content in organic liquid fertilizer from orange waste before and after adding phosphate buffer.

Microbe Unit Standard Without phosphate buffer With phosphate buffer
Acetobacter CFU/mL >1 x10° 1.20 x 10° 6.11 x 107
Pseudomonas CFU/mL >1 % 10° 8.77 x 108 5.54 x 10°
Bacillus CFU/mL >1 % 10° 1.55 x 107 1.00 x 10*
Lactobacillus CFU/mL >1 x 10° 1.85 x 107 2.50 x 10°
Trichoderma CFU/mL >1 x 10° <10 2.58 x 10°
Nitrogen fixing bacteria CFU/mL >1 x 10° 6.11 x 108 3.89 x 107
Phosphate solubilizing bacteria CFU/mL >1 x 10° 6.42 x 10® 3.22 x 107
Cellulolytic bacteria CFU/mL >1 x 10° 1.55 x 107 9.08 x 10®
Chitinolytic bacteria CFU/mL >1 x 10° 2.40 x 10° 1.00 x 107
Escherichia coli MPN/mL <1 x10? <3 <3
Salmonella MPN/mL <1 x10? 3.6 <3




Table 5 Amino acids and fatty acids content in organic liquid fertilizer
from orange waste before and after adding phosphate buffer.

Compound Unit Before phosphate After phosphate

buffer addition buffer addition
L-Alanine mg/kg <84.63 <84.63
Glysine mg/kg 194.89 213.67
L-Methionine  mg/kg 0.71 1.51
Palmitic acid mg/kg 286.5 268.5
Stearic acid mg/kg 104.5 948.5
Oleic acid mg/kg 300.5 394.0
Linoleic acid mg/kg 104.5 268.5

mg/kg (parts per million)

Based on these results, the alanine content before and after
buffer addition was nearly the same. In addition, there was
an increase in the glycine content from 194.89 mg/kg to 213.67
mg/kg after adding the phosphate buffer. In contrast, there was
an increase in the L-methionine content from 0.71 mg/kg before
adding the phosphate buffer to 1.51 mg/kg after adding the buffer.
Phosphorus-based compounds are essential biogenic elements
that play a role in amino acid metabolism, thereby providing
a synergistic influence on plant growth (Cheng et al., 2023).

The escalation in the fatty acids content after adding the
phosphate buffer was caused by the amino acids formed being

(A)
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Fig. 5 pH profile of organic liquid fertilizer made of waste from: (A)
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utilized by the existing microbes as a food source for reproduction
so that the high growth of bacteria and decomposition resulting
from organic material increased the availability of nutrients
(including fatty acids) in the fermentation process (Herawati et al.,
2018). In summary, the addition of the phosphate buffer enriched
the amino acids and fatty acids in the organic liquid fertilizer.

Effects of storage conditions on pH and color in organic liquid

fertilizer

The pH profiles of the organic liquid fertilizers without
phosphate buffer during storage are presented in Fig. 5.
It can be seen that storage in the refrigerator (8—10°C,
condition X) resulted in a decreasing pH trend until day 40
since low temperatures inhibit the further oxidation of the
product and actually preserve it. In contrast, storage at room
temperature (27-30°C, conditions Y and Z) without or with
direct sunlight exposure resulted in an escalating pH trend until
day 40.

There were significant changes in fertilizer pH caused by
the increasing storage temperature (Y versus X) and direct
exposure to sunlight (Z versus Y), as shown in Table 6.

®)

7.2 — T
0 4 8 12 16 20 24 28 32 36 40
Time (days)

mustard greens; (B) oranges under storage conditions X, Y, and Z, where

X = refrigeration (8-10°C) and no exposure to sunlight, Y = no refrigeration (27-30°C) and no exposure to sunlight and Z = no refrigeration (27-30°C)

and direct exposure to sunlight, where error bars = standard deviation.

Table 6 Results of statistical analysis of the pH of food waste samples after 40 d without phosphate buffer, kept in various storage conditions.

Parameter Mustard greens Oranges
Y X Z Y Y X Z Y

Mean 7.75 7.43 8.19 7.75 7.53 7.59 7.75 7.53
Variance 0.01 0.02 0.02 0.01 0.04 0.01 0.06 0.04
F 1.53 1.72 243 1.78

p value (F-test, two-tail) 0.09 0.05 0.00 0.05

t stat 11.58" 15.87° 2.57° 4.30

p value (t-test, left-tail) 0.00 0.00 0.01 0.00

X = refrigeration (8—10°C) and no exposure to sunlight, Y = no refrigeration (27-30°C) and no exposure to sunlight, and Z = no refrigeration (27-30°C)

and direct exposure to sunlight;
" = equal variances; ' = unequal variances.
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Higher temperatures accelerate fertilizer deterioration, which
when coupled with sunlight exposure triggers photo-oxidations
(Conte et al., 2021), resulting in the carbohydrates being
further oxidized into organic acids, while fats are oxidized
into rancid compounds (Moraes et al., 2014) and amino acids
are increasingly deaminated into ammonia (Hildebrandt et al.,
2015). Thus, overall, the levels of organic acids were lowered,
the ammonium content was increased and the pH increased.
The gray value of organic liquid fertilizer from mustard
greens stored in the refrigerator reduced after 40 d from
130 to 110 (Figs. 6A and 6B), compared to outdoor storage
with exposure to sunlight for 40 d resulting in an increase
from 86 to 98 (Figs. 6C and 6D) and from 118 to 128
(Figs. 6E and 6F). In accordance with the color analysis,
sunlight exposure and room temperature induced product
blackening. This phenomenon is actually an indicator of
the ammonium formation in fertilizer due to deamination
as reported Abidin et al. (2024d) and also reinforced by
other studies (Wang et al., 2018; Lawal et al., 2023).
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2 2
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Fig. 6 Gray value of organic liquid fertilizer from mustard greens at (A)
condition X; (B) condition X after 40 d; (C) condition Y; (D) condition
Y after 40 d; (E) condition Z; and (F) condition Z after 40 d, where X =
refrigeration (8—10°C) and no exposure to sunlight, Y = no refrigeration
(27-30°C) and no exposure to sunlight and Z = no refrigeration (27-30°C)
and direct exposure to sunlight.

Nevertheless, the deamination stage itself should occur when
the fertilizer is applied in the soil and to the plant, not in the
packaging (Pasmionka et al., 2021). Therefore, storage at
low temperatures and without direct sunlight exposure is not
recommended.

Conclusions

The study successfully investigated extending the shelf
life of organic liquid fertilizer from food waste fermentation
using Masaro technology. Greater carbohydrate and protein
contents in food waste lowered the pH. Furthermore,
the addition of phosphate buffer maintained the pH and
slowed down product blackening, maintaining the nutrients
and growth-supporting bacteria contained in the liquid
fertilizer. Furthermore, higher temperatures and direct
sunlight exposure increased the pH and darkened the color.
Therefore, the recommended storage conditions for the organic
liquid fertilizer are refrigeration at 8C—10°C without direct
sunlight exposure. Finally, this study helped to facilitate food
waste management through the production of organic liquid
fertilizer, resulting in more economical prices and reduced
carbon emissions caused by both disposing of organic waste
and synthetic fertilizer production. These findings could
support national agricultural productivity, the reduction of
fertilizer subsidy costs and reduced government costs in waste
management.
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