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ABSTRACT

Food waste and leftovers were common materials that were currently used as bio-
compost or soil conditioners upon decomposition. Food waste was a source of food
that has declined nutritional value and is not deemed favorable for human consumption.

Leftovers were defined as uneaten edible
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characteristics of food waste and leftovers
as fertilizers. Moreover, the paper briefly
discusses the different composting methods
for these materials and their corresponding
effects on the growth quality of plants.

Keywords: Composting, food waste, food waste

treatment, leftovers, plant growth

INTRODUCTION

Food waste is a complex problem
that can affect the various elements of
sustainability, including climate, economic
and social conditions (Food and Agriculture
Organization of the United Nations [FAO],
2013), apart from directly depriving the
food and nutrition availability to a huge
population. Approximately 1.32 billion
metric tons of food, approximately one-
third of consumption food, was missing
and wasted (FAO, 2011). Furthermore,
municipal solid waste (MSW) management,

Table 1

Amount of food waste generated in different
countries in 2010 (Melikoglu et al., 2013)

which most developed countries face, was
difficult. The world’s biggest organic waste
was food waste, accounting for roughly
30.7 % (Kadir et al., 2016). Table 1 shows
the amount of food waste generated in
different countries in 2010. Melikoglu et
al. (2013) stated that Asian countries could
further increase their annual urban food
waste volume from 278 to 416 million
tonnes between 2005 and 2025. Table 2
shows the amount of food waste generated
in Malaysia. Food loss can be categorized
as (1) food waste, which was generally the
degraded form, and (2) food by-products
that were obtained through the removal
of food from the food supply chain (FAO,
2014). For developing countries, food
waste in the early stage of the production
chain was a problem, whereas leftovers
are primarily observed as the problem for
developed countries.

Table 2

Amount of food waste generated in Malaysia
(Jereme et al., 2016)

Food waste generation

Country (x10° tons)
United 79.0
States

United 11.0
Kingdom

Singapore 0.6
Japan 19.0
Taiwan 16.5
Korea 4.3

Food waste

Sources of food generation
(x10° tons/year)

Households 3.192
Wet and night 2.040
markets
Restaurants 1.941
Hotels 0.572
Shopping malls 0.108
Hypermarkets 0.106
Food industries 0.311
Schools 0.021
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Leftovers have a higher percentage of
disposal than food waste; this situation can
be observed in the Netherlands, in which
leftovers attributed to consumers recorded
at 10-15 % of the total waste (Toumi,
2017). The various research reviews aid in
progressive learning, as it includes the latest
approach and recommendations that can
be very insightful for the research. Hence,
this review paper focused on summarizing
the application of food waste and leftovers
as compost and the different approaches
adopted by fellow researchers in studying
the properties and characteristics of this
organic compost. In the first part of the
review, different methods used to compost
the food waste were summarized based on
the published articles and research papers.
The second part of the review discussed
the available practices to measure compost
nutrient quality. The sequential order has
been followed to promote a sheer focus on
each stage. Furthermore, it was so that the
appropriate food waste treatment method
could be distinguished and selected as a
convenient reference for future research
studies.

Food that has been dumped and disposed
of can be segregated into two categories
as (a) food waste and (b) leftovers. To
begin with, food waste, otherwise known
as pre-consumer food, was the category
of food obtained from kitchen areas of
restaurants and households. These wastes
largely include meal prep waste, such as
vegetables and fruit seeds and peelings. Un-
servable food and its residues, such as coffee
grounds, were also included in this category.

Moreover, these wastes also include foods
that perish during the production process,
transportation process, and excess food that
has expired in supermarkets and bakeries
(Bashir et al., 2013; Blakeney, 2019; Heikal
Ismail et al., 2020; Muruga et al., 2021).
The category of leftovers usually includes
the food residues left on plates disposed of
by the consumers. These wastes were also
known as post-consumer food, and they
usually included domestic foods that had
been discarded and were often co-mingled
with yard debris upon disposal. This food
waste can often be spotted in a large amount
in dining restaurants, buffets, and hotels
(Ebner et al., 2014).

Food waste and leftovers were
biodegradable wastes discharged from
various sources, including food processing
industries, hospitality sectors, and
households (Paritosh et al., 2017). A total
amount of approximately 90 % of food waste
was biodegradable. These waste products
have remarkable qualities, and they have
high moisture content and a physical shape
that can quickly be decomposed (Paritosh
et al., 2017). Food-based compost was a
good alternative composting source because
of the high organic content matter, high
moisture content, and the ratio of carbon to
nitrogen (C/N) content for waste in residues.
In the cases of post-consumer food leftovers,
handling these wastes has been observed
as a more laborious process attributed to
the separation process that needs to be
conducted for efficient utilization since the
wastes were often subjected to contaminants
upon disposal (Risse & Faucette, 2009).
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The ratio of carbon to nitrogen was
one of the key dimensions that can impact
the composting cycle and the product
properties (Amin, 2011; Apagu, 2012).
Hence, since leftovers were often subjected
to contaminants, calculating the optimized
ratio of C/N while including possible
impurities present in the waste can be
difficult. Conversion of waste to compost
was also essential as it was a beneficial low-
cost method and maintenance compared to
incineration and land disposal.

FOOD WASTE TREATMENT
METHODS

Discarding in the Landfill

Food waste treatment using the landfill
approach was the most common waste
management strategy (Jayaprakash et
al., 2018). Based on a report by the
Environmental Protection Agency (EPA)
(2017) in the site of landfills, the volume
of municipal solid wastes fell to 135.5
million tons in 2010, from 145.3 million
tons in 1990. The fell was caused by a surge
of waste recovery through recycling and
composting utilized as energy recovery.
However, many negative impacts have
been linked to landfill disposal in which
leachate contamination could contaminate
rivers and seas (Abdul Jalil, 2010; Abdullah
& Chin, 2010) and lead to groundwater
contamination (Lih, 2015).

Hydrogen sulfide (H,S) was one of
the major odors causing compounds in
landfill gas and could cause environmental
and health impacts (Du et al., 2014). The
concentration of H,S ranges from 100

micrograms per cubic meter up to 1000
milligrams per cubic meter in various
municipal solid waste landfill sites. Besides
pollution, the high living expenses due to
the growing budget for landfill management
was also one of the growing concerns faced
soon (Muhammad Firdaus et al., 2018).
Moreover, the formation of leachate was
a big issue that must be considered in the
sanitary landfill. These were the wastewater
extracts from the soil (Kasozi et al., 2009).

Incineration

As for incineration of waste, this method has
a high capability of releasing dioxin gases,
which are highly toxic and can threaten
human health (Paritosh et al., 2017). Food
waste treatment using incineration was also
another approach that was being widely
used. However, this method has been
reported to consume a huge amount of
energy compared to other waste treatments
used to produce thermal energy that greatly
reduces the wastes’ volume. In addition,
high moisture and salt content in food waste
can reduce the lifecycle of the incinerator,
and it directly accounts for the release
of dioxins. Therefore, incineration was
also considered a potential environmental
impact and public health risk (Chen, 2016).
Besides, the huge energy supply needed
incineration also requires a high cost to be
set up and utilized (Bong et al., 2017).

Anaerobic Digestion

Anaerobic Digestion (AD) was a process that
produces biogas through microbiological
digestion of organic matter in an anaerobic
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condition. This treatment approach focuses
on recycling, recovery, and a reduction
system of landfill disposal method
(Palaniveloo et al., 2020). The factors that
promote this method are environmental-
friendly, renewable fuel, and low cost.
Anaerobic microbes’ functions to convert
organic wastes and biomass into biogas,
which consists of 70 % methane, 30 to
40 % carbon dioxide (CO,), and traces of
hydrogen (H,) and H,S (Warman et al.,

2009). The food-based raw material was
suitable for an anaerobic digestion process
due to its composition and moisture content.
The by-product of this process is called
digestate, or organic solids with a high
content of nutrients and are suitable for use
as fertilizer or compost (Yang et al., 2014).
There were four main stages involved in
anaerobic digestion, and the process is as
shown in Figure 1.

Hydrolysis Acetogenesis
s - Carbonic acids, Hvdro
ugars, and alcohols yarogen,
Carbohydrates, Fatty Acids, Acidic and I\gtf_]];?: ’
Fats, Proteins Amino - Hydrogen, - Carbon Dioxid
Acids Carbon Dioxide, Dioxide 1oxide
Ammonia

Acidogenesis

Figure 1. Process stages of anaerobic digestion

Composting

Composting was defined to create a solid
humus-like substance to biologically
degrade organic materials under controlled
aerobic conditions (Cabanillas et al., 2013).
Compared to the other waste treatment
approach, composting was gaining more
interest as it was economically and
environmentally beneficial. Composting
was one of the biological waste treatments

Methanogenesis

widely treated as a natural and sustainable
appropriate organic waste management
(Garnett, 2012). This process occurs
naturally, provided that microbial growth
is possible with the right species, moisture,
aerobic environments, feed, and nutrients.
The composting mechanism will proceed
even more easily by managing these
variables. When composted, waste was
broken down into a blend of'soil conditioning.
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It lowers the volume of deposits entered by
almost 18 %. Composting was important
for this solution to be developed and for
reducing solid waste, including food waste.

A case study conducted in Denmark to
study the life-cycle analysis and benefits of
home composting of food waste suggested
that this replacement of fertilizer might
significantly benefit the environment. In
addition, research comparing the efficacy
of a few organic fertilizers and chemical
fertilizers on the growth rate of watermelon
(Citrullus lanatus) has been performed. The
analysis concluded with organic fertilizers
showed the highest results regarding the
consistency parameters of the watermelon’s
redness and rind thickness (Massri &
Labban, 2014). Furthermore, composting
was also a technology that was simpler to
incorporate and less expensive than other
technical approaches ([fiiguez-Covarrubias
etal., 2018).

In application, the composted food
waste can be used as fertilizer, biogas,
or feed mills to produce animal pellet
feed. The C/N ratio of the composted
substance was a critical variable that needs
to be considered in composting, and the
favorable ratio ranges from 25-30:1 (Hanc
et al., 2014). The location consideration
of composting site should be located near
landfill to reduce material handling and ease
operations. However, there were certain
drawbacks associated with composting. The
main drawback that has been observed in a
Norwegian study was to produce a stable
matured compost and the unpleasant odor
produced from the composter (Chen, 2016).

Besides that, there were arguments that
state that the composting process reduces
the overall greenhouse gas emissions, and
others claimed that it increases greenhouse
gas emissions.

Different Methods of Composting

Pit/Heap Method. The pit method was
conducted by piling and turning the waste
once or twice a week for adequate aeration.
This method was also known as windrow
or trench composting. The advantage of
this method includes (Paritosh et al., 2017):

Little expense—Only requires kitchen
scraps (or any other food wastes sources),
the pile of leaves, and grass clippings as the
materials to begin composting. Then, there
will be no expenses on compost space as it
will be conducted in the soil.

On-site compost—The compost will
ordinarily be conducted in garden space,
making it easier to transfer the compost to
the plants once it has matured.

This method was primarily encouraged
if there was an abundance of free land space
to conduct it. In the cross-section of this
composting site, the shape of the windrow
diversifies from rectangular, trapezoidal, and
triangle, as shown in Figure 2.

The shape and size of the pit highly
depend on the composting materials and
the equipment used for turning. However,
based on a study conducted, the minimum
area required for a composting unit was
1.25 m x 1.25 m. The pile will be typically
mixed and turned with a pitchfork to lift and
loosen the pile. At times, the compost pile’s
temperature was monitored and turned at a
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Compost pit

Figure 2. The visual aspect of compost pit

certain temperature range, usually around
55 °C to 60 °C (Khater, 2015). In addition,
based on the research conducted by Edwards
(Edwards et al., 2008), to prevent leakage
of nutrient-rich solution from the pile, the
bottom and sides of the base of the trench
need to be watered. However, it does come
along with certain drawbacks. The compost
pile smell can easily attract those pests,
and there was no reliable method to keep
them away from it. However, the pit-based
method was also labor-intensive (Praveen,
2009).

Aerated Statis Piles. Aerated static pile
(ASP) was a method of compost in which
air was introduced to the stack pile through
perforated pipes and blowers (Figure 3).
ASP was an improvised version of windrow
composting in which airflow was provided
underneath to supply oxygen to prevent
anaerobic conditions. The need to transform
the compost heap into the compost pile was
removed by causing airflow. This system was

Completely filled pit

well adapted for different feedstocks, such
as green waste, cooking waste, biosolids,
and animal dung. The aerobic condition
of the compost can be maintained by
controlling airflow throughout the compost
pile. Composting and aeration of a manually
aerated pile were primarily seen in Korean
farms. Based on a study on the effects of
aeration rate on compost quality, the results
show that low and medium aeration rate
has a higher impact in obtaining an optimal
nitrogen concentration in the compost.
Proper temperature sampling in the ASP
method was essential to produce a good
quality compost pile. At a temperature of
44.7 °C under proper conditions of adequate
oxygen supply, the pile began to decompose
(Andersen et al., 2012; Apagu, 2012). The
pile forming takes place on a network
of drilled pipes for the front loader. The
perforation of tubes was arranged in two
rows of perforation placed in parallel to
each other. This method commonly requires
no labor. However, the ASP approach was
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weather-sensitive, and this design could also
cause fluctuation in pathogen concentration
due to inconsistent mixing. This method also

implies high cost, and it was not suitable to
decompose grease-based substances and
animal manure (Risse & Faucette, 2009).

Figure 3. The visual aspect of the aerated statis piles method

Compost Bin and Box. Compost bins,
also known as in-vessel systems, used
drums, perforated barrels, and specially
designed containers to ease the composting
process, as shown in Figure 4. This in-
vessel system performs compost processes
primarily in drums or channels designed
to have optimal conditions, using a high-
rate controlled aeration device. Compost
bins were home composting systems that
were frequently compared to the industrial
composting system on the aspects of energy
consumptions and environmental burdens. A
home-oriented compost bin was potentially
environmentally beneficial as collection and
transportation of bio-waste can be avoided
(Pandey et al., 2016).

An improved compost bin design
needs to be produced to eliminate the
indiscriminate release of greenhouse
gas during the composting process for
better performance. Besides bin, compost

box was another approach that follows
container usage to decompose food
residues. The method that was prominent
in this category was the Takakura portable
compost boxes. This technique treated food
waste in offices and universities (Jiménez-
Antillon et al., 2018). The Institute for
Global Environmental Strategies in Japan
conceived and developed the strategy in

Figure 4. Compost bin/box
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2010. This approach has been practiced in
an estimated 40,000 households in the city
area of Surabaya, Indonesia. The amount of
solid waste in that city that has been reduced
by practicing this method was about 30 %
(Kurniawan et al., 2013). However, despite
the benefits, there was a couple of weakness
that can be observed. The weakness was
as stated below (ffiiguez-Covarrubias et
al., 2018; Lekammudiyanse & Gunatilake,
2008):

* Time-consuming—The process of
feeding the Takakura compost box
requires a long time to be conducted
due to chopping materials before adding
them to the box.

* Hefty maintenance—The outer part
of the compost box should be cleaned
frequently to prevent odors, insects,
and pests.

Implementing biochar in this method
has also proven to improvise the compost
quality and rate of production. Biochar as
an alternative additive in the compost bin
helps to promote the fermentation process
of compost. Dead leaves and cuttings were
used to produce biochar, decorative plant
waste, and cocoa leaves. Lawn waste was
used as a bulking agent in the composting
process. Based on the study conducted
on the effectiveness of biochar on food
compost, in the product, biochar had raised
the concentration of ammonium (NH,) by
37.8 to 45.6 % and nitrate (NOs) by 50 to
62 % (Wagqas et al., 2018).

Compost Tumbler. Compost tumbler
was almost like compost bins. Despite the
similarity, compost tumbler was a better way
to aerate the compost without physically
exerting energy to turn the compost itself.
Figure 5 shows the aeration that occurred in
the compost tumbler. This tumbler system
can be formed by using trash cans or soap
barrels to construct it. As for the mechanical
properties, proper rotation in composting
machines of this method was a successful
technique that produces an actual product
because of proper stirring, aeration, and
compost mixtures (Rich & Bharti, 2015).
The material design for this composter was
made up of light metal to allow the tumbler’s
rotation to be easy.

For the compost tumbler method,
microorganisms and enzymes were used as
additives according to the recommended
measurement. Compost additives help
boost composting processes, soil micro-
and macronutrient quality, soil nitrogen,
phosphorus, and potassium concentrations
(Jayaprakash et al., 2018). The tumbler
compost machine was widely used because
of the turning accessibility that provides
equal ventilation to the compost. However,
the drawback of this system was that there
was no specific moisture and temperature
levels measurement system essential to
monitor the compost. Therefore, it was
essential to observe the compost from time
to time to know if it was too dry, too wet,
or not to heat up. In addition, manufactured
compost tumblers were costly than the
compost bins and piles method (Thenabadu
etal., 2015).
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Figure 5. The visual aspect of compost tumbler

Solar Digester. The solar digester was an
approach that operated well in confined
spaces, such as black plastic or metal drum.
The solar energy utilization stimulated the
photosynthetic process in these applications.
One of the prominent solar digesters that
were being used was called the Green Cone
technology. This compost equipment was
produced and designed in Ontario, Canada
since the year 1988. This equipment consists
of plastic, with a top-shaped cone and
attached basket in which the food was stored
underground under the cone, as shown
in Figure 6. In Greece, this idea of solar
digester has been utilized by constructing
digester below ground level and covered
with flat-plate solar collectors at the roof
structure. The steps for this process were

to insert the food waste through the hinged
lid, and it will fall into the container. The
fungi, bacteria, microorganisms, worms, and
insects must decompose the food scraps in
this stage. The positive quality of this system
was that 90 % of the input was absorbed
into the surrounding soil as a compost water
source to the plant. Nevertheless, the setback
for this approach was that it only disperses
compost within a particular area of land,
and the dispersion cannot be manipulated
and controlled (Mu et al., 2017).

Waste mput
through top

Double walled

Solar cone Digestion chamber

Decomposing material
migrates into swrrounding
soil

Figure 6. The visual aspect of solar digester

Vermicomposting. Vermicomposting
was a composting technique that utilizes
various species of worms to decompose the
food scraps. This method was also widely
regarded as a clean and sustainable approach
to dealing with organic waste (Bong et al.,
2017). Then, this approach was also an
eco-friendly, eco-biotechnological, and
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bio-oxidative application mechanism that
stabilized the waste into functional bio-
product (Saer et al., 2013). Vermicomposting
amplifies the usage of worms to digest the
food waste into compost. It appears to be
an excellent alternative because worm
casts in nutrients and microbial life were
much higher and considered a higher value
commodity (Adhikary, 2012). The type of
worms that were commonly used were the
white worms, red wigglers, and earthworms.
These worms feed on the food scraps, and
the material passes through the digestive
tract to produce cocoons, also known as
vermicompost granules. Earthworms in this
method function as a crucial mediator that
elevates the surface area accessibility to
microorganisms, increasing the enzymatic
actions and alteration of organic wastes’

physical attributes (Jayaprakash et al.,
2018).

Vermicompost contains various types of
enzymes, such as amylase, lipase, cellulase,
and chitinase. These enzymes help split
the organic matter in the field and release
the nutrients to the roots of plants. The
secretion of chemicals from the worm’s
digestive tracts helps break down organic
matter, so the product has higher nutrient
saturation than its original form. The process
of decomposition using vermicomposting
was during the mesophilic phase of the
process. Hence, the material that needs to
be composted should be thermophilically
composted before or after the worms are
added to the compost pile. The product of
decomposition was called vermicast (Figure
7).

- Cover
e —
a ] 5
Holes »® - Bedding
for air ™ ! material
Worm
castings
Active area [compost]

garbage & worms

Storage
bin

Worm tea
- collection

Tap fortea —_
(optional)

Figure 7. Vermicomposting bin using worms

- Brick
support
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Vermicompost can overcome soil-
borne plant diseases, such as root rot. This
approach benefits rural agricultural lands,
sustains the soil system, and ensures activity
and alive. In addition, vermicomposting
enrich nutrients in the soil and increases
soil aeration, thus facilitating the survival
and dispersal of the beneficial bacteria in
such systems. However, this worm casting
procedure will undoubtedly cause a handful
amount of investment depending on the size
of the operation. The problem associated
with this method was the death of worms on
a large or small scale. This situation might
occur if the worms do not obtain sufficient
food, food is too dry or too wet, or the bin
is too hot (Adhikary, 2012).

Food waste treatment based on insects
has been recognized increasingly as an
environmentally friendly way to recycle
resources and have the advantage of
low installation costs. Furthermore, by a
particular extraction procedure, insects can
be an excellent source of protein (Choi et
al.,2017; Lee et al., 2019). However, it was
vital to keep conditions suitable for insects
to survive and thrive as feed components,
adequate temperatures, moisture, and
acidity (Yoon et al., 2020). Of the insects,
considerable attention has been paid to
treating food waste with black soldier fly
larvae (BSFL) (Lalander et al., 2019). The
larvae breached various organic wastes
using the powerful mouth and digestive
enzymes (Cho et al., 2020; Pastor et al.,
2015). As a result, organic wastes were
effectively degraded, such as debris from
rotten animals and plants (A. Singh &

Kumari, 2019). BSFL may pupate in two
weeks under ideal conditions for food
supply, temperature, and moisture. BSFL
composting benefits from rapid treatment of
organic waste and reducing bacterial growth
and odor (Pastor et al., 2015).

Black soldier fly’s (BSF) larvae and
prepupae were valuable sources of animal
feed since they comprised 40 % and 30 %
of protein and fat, respectively (Cummins
et al., 2017; St-Hilaire et al., 2007). Other
studies have shown that BSFL reduces
cow manure nutrient concentrations,
namely 30 to 50 % nitrogen and 61 to 70 %
phosphorus (Myers et al., 2008). In many
Asian countries, BSF raising was subject
to appropriate natural conditions. BSF
raising had an optimum temperature and
relative humidity of 26-27 °C and 60-70
%, respectively (Barragan-Fonseca et al.,
2017). The optimal substrates moisture
content was 52—70 % relative humidity
(Barragan-Fonseca et al., 2017). The
optimal light intensity was 135-200 pmol/
m? (Shumo et al., 2019), heavily influenced
by seasons and the weather. Given the high
temperatures and humidity of many Asian
countries, including those of Southeast Asia,
industries linked to the growth of BSF have
high potential when implemented in those
areas. The most effective ratio between the
number of larvae and gram of substrate was
reported to be 2:1 (Pastor et al., 2015) in the
cultivation of BSFL (Figure 8).

The BSFL can be monitored by
analyzing larval development aspects
during the treatment of organic waste.
Larvae were reported as 15 to 36.7 days,
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154 to 271 mg, 2.3 to 37 mg/d, and 85.6
to 97.1 %, respectively (Julita et al., 2018;
Liu et al., 2018; Myers et al., 2008; Pastor
et al., 2015). The larvae were identified
as the larval patient. The growth of BSFL
depends on the type and conditions of the

Light intensity
(135 — 200 pmol/ m2)

Temperature
(26 — 27 °C)
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e >
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substrates. For example, when fed with food
waste, fruits and vegetables, and poultry
feed, BSFL survival was 87 %, 90 %, and 93
%, respectively. However, the survival rate
was as low as 39 % when fed with digested
sludge (Lalander et al., 2019).
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Figure 8. Vermicomposting using BSFL (Kim et al., 2021)

Berkeley Method. Berkeley method was a
common and proven method to be used for
green waste and food waste treatment. The
method was a hot composting system that
incorporates aerobic food waste treatment.
This aerobic digestion process breaks up
food waste and leftovers by various types
of microorganisms, including bacteria and
fungi, in the presence of oxygen into a
hygienic, humus-rich substance. According
to the Berkeley method, the procedure to
conduct the composting method was by
attaching a moveable mesh wire on the

ground to form a compost bin. This method
can produce finished compost in under a
month. The rotation will continue until the
compost smells sweet and, when touched,
be as crumbly cold. It will then store the
composted food waste in a safe place for
further research. Based on the research
conducted, the Berkeley method took one
month or lesser to produce the bio-compost
(Daud et al., 2016). Figure 9 shows the
process of the Berkeley method conducted.
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Figure 9. Berkeley working method

Bokashi Method. The Bokashi method
was a fermentation approach that uses
anaerobic digestion, as shown in Figure
10. This system has originated in Japan,
and the fertilizer mainly emphasizes the
usage of rice bran, the meal of rapeseed,
husk of rice, intense microorganism, sugar
molasses, and water (Dou et al., 2012).
The Bokashi method applies the usage of
effective microorganisms to ferment the
feedstocks. It focuses on using effective
microorganisms (EM) to facilitate and
accelerate the decomposition process.

EM was a mixture of microorganisms
that primarily constitutes lactic acid bacteria
that coexist in liquid media of pH 3.5. It
was understood that EM improves soil and
plant microbial variety, boosts field quality,
and increases crop growth and quality. The

1. Remove outer layer & pile to one side

2. Pile inner layer to outside

benefits of integrated municipal organic
waste recycling with EM technologies
have been explored. The organic fertilizer
produced from this approach can be utilized
as soil nourishment, helps to increase
the volume of water contained in the soil
(Kumar et al., 2004). Bokashi compost
method was also time efficient as compared
to usual decomposing methods. Generally,
the decomposition process of organic matter
into simple organic compounds takes two
to three months to be used as compost. On
the other hand, the decomposition works
faster within two to four weeks for Bokashi
processing and does not leave behind foul
odor and heat (Vinoth Kumar & Kasturi
Bai, 2008).

Other various studies supported Bokashi
as soil nourishment in the agricultural
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Figure 10. The visual aspect of Bokashi bin

sector. Bokashi’s implementation in soil
has further improved the concentration of
P and K and the number of the plant stem,
length, and diameter of an Alpinia purpurata
plant. A study has also shown that Bokashi
manure has elevated the growth of the okra
plant. From research conducted to study
Dana Mae Christel from the University
of Vermont, a few advantages come with
this method. Firstly, the EM for Bokashi
treatments provides a longer-lasting plant-
available nitrogen nutrient than thermophilic
compost and vermicompost. Then, this
method also increases the aboveground
height and biomass of plants. It was due
to the compost’s capability of providing a
longer-term supply of nitrogen combined
with a suitable amount of phosphorus and
potassium for plant growth. Finally, this
research concluded that Bokashi treatment
was a suitable alternative fertility amendment
for the organic vegetable production system
(Jayaprakash et al., 2018).

Automated Biodigesters. Automated
biodigesters were machinery that digested
and processed food waste into nutrient-
rich fertilizers (Figure 11). The machine
mixes and produces pre-compost within
24 hours process with a 90 % weight
reduction of waste. Automatic kitchen
waste compost bin is one of the research
technologies conducted at the University
of Dalian, China. The designed equipment
was equipped with crushing pre-treatment
and waste fermentation. However, they also
added that additional research was required
to upgrade and improve the functional
components to cover the kitchen waste
disposal system fully. The greenhouse
biogas plant was another type of biodigester
practiced in many countries. A good number
of biogas plants have been constructed in
developing countries with a hollow sunlight
sheet and an aluminum alloy frame support.
The hollow sunlight sheet functioned to
store the energy from the sunlight to aid the
digestion process (Aschonitis et al., 2014;
Garnett, 2012; Ma et al., 2020).

Figure 11. The visual aspect of automated biodigester
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NUTRIENT CONTENT IN BIO-
COMPOST

The bio compost that has been formed
using the chosen method will then be tested
by comparing its capability to nurture
a specific species of plant. The prime
function of bio compost was to improve
soil fertility. The assessment and analysis
of soil was a proficient measure of soil
fertility. The typical soil test provides
nitrogen (N), phosphorus (P), potassium
(K), calcium (Ca), magnesium (Mg), pH,
and base saturation concentration. Hence,
the compost produced will be assessed on
the N, P, and K content as it is the prime
nutrients that aids in plant growth. NPK
fertilizers formed from organic waste were
essential to nurture healthy soil and plant
growth. In addition, the nutrient levels,
such as N, P, or K, should be periodically
checked and tracked in potting soil stocks
used for experiments (Che Jusoh et al.,
2013; Dimkpa et al., 2017).

Based on a study conducted to study
the effects of NPK fertilizers on the relative
growth performance of maize grown in
Nigeria, the researchers concluded in a
positive remark stating that agro-ecological
variety in the selected farmland should
be focused on organic mineral fertilizers
suggested. It includes the advanced nutrient
control support scheme, especially by
focusing on areas of low soil fertility. A
couple of methods can be implemented to
get a thorough analysis of soil test quality.
One of the commonly used approaches
was by utilizing the atomic absorption

spectrophotometer. For the sample
preparation, a mixture of hydrochloric acid
and sulfuric acid will be utilized to dilute
the fine particles of compost collected (Lii
et al., 2010).

Another method that can be implied was
also by using Multiwave 3000 microwave
digestion system. The microwave digestion
method can be conducted by following the
EPA Method 3052. This approach aimed to
decompose the sample by adding a judicious
choice of combinations of acids, which can
be done for most matrices. Auto analyzer
machine was also another main method used
to study the micronutrients content in soils
and compost. This method was primarily
practiced in biogeochemical-ecological
research to analyze the composition of water
and soil samples. For this approach, the
method of Murphy-Riley was commonly
used to analyze the potassium content in the
soil. This method focuses on the reaction
between ortho-phosphates and molybdate
with antimony potassium tartrate as the
catalyst. This reaction was then followed
by the reduction with ascorbic acid at a
pH below 1. The blue component formed
will be measured at 880 nm to identify
the concentration of potassium. Then, to
analyze the nitrogen concentration, the
copper-cadmium coil was set as non-active
during analysis (Massri & Labban, 2014;
Moonrungsee et al., 2015).

The sample was mixed with an
internal reference, lithium nitrate of fixed
concentration, to identify potassium
concentration in the compost. This product
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was then nebulized and flushed with a mixture
of propane-air. The mixture was burned in
the machine, and the result obtained was
emission lines for potassium and lithium.
The values obtained will be compared to
the intensity of the emission generated by
the lithium ions. It was to compensate for
fluctuations in flame temperature, flow
rate, and chemical interferences. Besides
that, nutrient monitoring methods based
on meters were also very common in the
soil testing industry. The machine opts for
remotely controlled equipment operationally
like its laboratory collaborators using
battery-operated nutrient-specific meters
containing electrode sensors or field-
portable spectrometers and solution ion
calibration (A. L. Singh et al., 2010; Patil
& Bodhe, 2011; R. P. Singh et al., 2011).

GROWTH QUALITY OF PLANTS

Organic farming was tremendously
advantageous, thus making our development
more economically feasible. Organic
agriculture shall track the plague or the
disease without preventing environmental
degradation, avoid contamination, increase
the productivity of land so far crops can
contain nutrients, and allow for increased
marketable prices (Najar et al., 2015; Ukoje
& Yusuf, 2013). Vermicompost was one
of the better planting organic mediums.
Vermicompost was highly organic and may
not contain any chemicals, indicating that
they were environmentally sustainable. It
was nutritional, and it released nutrients

at a time, which quickly plants could
consume by reducing their need for pesticide
application because herbs and fewer
pesticides were also safe since their pest
and disease were not present. In addition, it
offers an environmentally safe approach to
mineral fertilizers due to the availability of
comparatively significant quantities of crop
growth and production micronutrients while
offering an environmentally sustainable
alternative (Lazcano & Dominguez, 2014).

Organic farming, such as using
vermicompost, could be a trend in
sustainable agriculture to be an almost
permanent practice for years to come
since vermicompost releases nutrients at
a slow pace, allowing fast absorption by
plants and increasing the moisture keeping
power of the soil resulting in improved
quality of plant production. Furthermore,
vermicompost usage for the significant
production of vegetables can also fix the
problems related to the disposal of wastes
and overcome the lack of organic material
on an acceptable basis. On the other hand,
a reliable blend of pungent and inorganic
sources of substances could have the
potential to obtain an excellent financial
result for follow-up plants with strong soil
wellbeing (Abdelaziz et al., 2007).

Soil variation with mature and healthy
compost, even with potted urban solid
waste, was extensively analyzed, and the
effects of breed plants on beans, black
eye peas, okra, tomato, squash, eggplant,
watermelon, corn, and chili pepper (Roe
et al., 1993) were increased. The practices
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for integrated nutrient management were
an essential factor in the practical and cost-
efficient management of the soil fertility in
sugarcane growing. Sugar cane injectors can
lead to higher soil fertility, growth, or return
into merged organic and inorganics matter
(including biological fertilizers).

Vermicompost can promote plant
cultivation, root production, and hence
nutritional uptake. With humic substances,
which were the main component of soil
organic matter, the shoot biomass will
increase over the hormone effects on root
elongation and plant development (Oworu
et al., 2010). In conclusion, the addition of
vermicompost will improve the availability
of nutrients in the land and nutrient intake
in plants. It can result in a direct or indirect
influence. Direct results shall be given
either by the nutrients accompanied with the
composting manure. In this sense, indirect
results were improved microbial action
and preservation of flavor, enhanced soil
structure, eating matter, and water quality.
The behaviors of microbial materials may
increase the mobilization of nutrients but
may also contribute to the immobilization of
nutrients. Thus, improving soil composition
and restoring the plants’ roots, with the more
significant soil volumes (Zandonadi et al.,
2007).

The parameters to assess the growth
quality of plants that have been fertilized
by different compost can be measured by
measuring plant height, the number of
leaves and branches, and the dry weight of
the plant (Ibrahim et al., 2018). The plant

height measurement was taken using a
measuring strip from the floor to the tip of
the highest growth point. Firstly, the height
of the plants will be measured daily until
the plant is fully mature. Then, the ruler
was set at the base of the plant the height
was recorded. The value was charged with
both date and height values. Then for the
number of leaves, the leaves were counted
daily and recorded.

The grid counting method was an
approach used to measure the size of leaves.
This method will be conducted using grid
paper was removed from the plant and put
on a paper grid. Then, on grid paper, the
outlines of the leaf were drawn by pencil.
Finally, by measuring the grids occupied by
the leaf, the area of the leaf was determined.
This approach was precise, but it requires
time and effort to place on many leaves. The
leaf area and dry weight were calculated
after the 30-days growth, the leaves’ surface
area and dry weight of the greens were
measured. The leaves area was measured
using an application named “Petiole.” This
application runs by calibrating the mobile
camera with a Petiole Pad, and once the
calibration is completed, the leaf is placed in
front of the camera (Xiao et al., 2009). The
leaf area was then measured automatically
by the app, and the results obtained were
recorded.

The gravimetric method was also one of
the methods used for leaf area measurement
(Aschonitis et al., 2014). The leaf was first
removed from the plant and put on white
paper for this process. Next, a paper was cut
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out based on leaf shape. Now this paper’s
weight is contrasted with that of the known
area on the same page. This approach
was laborious and time-consuming when
used on several leaves. In addition, image
processing methods are currently being
used to calculate the leaf region easily and
precisely. Leaf area was calculated using
the following steps: acquisition of images,
image pre-processing, leaf segmentation
regions, region filling, and area calculations
(Feng & Chun, 2010). Other researchers use
threshold-based segmentation to obtain the
size of the leaf.

Kang et al. (2021) investigated the
growth characteristics of Chinese cabbage
using organic fertilizer (compost). As a
result, the leaf length (12.6 to 12.9 cm),
root length (11.8 to 15.3 cm), fresh weight
(14.7 to 16.5 g), and dry weight (3.4 to
3.9 g) were increased after four weeks
compared to plants without compost with
lower parameters: length of leaf (11.8 cm),
length of root (9.3 cm), fresh weight (13.4
g) and dry weight (2.5 g). Furthermore, in
compost-treated plants, the level of stomach
conductivity that measures water relations
in a plant increased to 0.07 £ 0.0 mol/m?,
showing that the treated plants can stand
dryness or salinity stress.

Table 3 shows the effects of Bokashi
compost on bell peppers plant growth.
Tong et al. (2021) declared that the plant
height difference could be due to a high
level of sodium ion (Na*) in the medium

of Bokashi that can cause salinity stress
(Lépez-Serrano et al., 2021). Nutrient
deficiencies could also lead to slow growth.
For example, Razaq et al. (2017) reported
a nitrogen deficiency in soybean plants
and mint plants (Mentha piperita). In both
conventional (2.95 mm) and Bokashi-grown
plants, there was no significant (p < 0.05)
difference in internode length (2.65 mm).
In contrast, Bokashi plants (p < 0.05) stems
were significantly (10.2 mm) thicker than
those of conventional plants (7.3 mm). Plant
height explains that nutrient deficiencies and
salinity may be associated with the Bokashi
plant’s thinner stem.

Shafique et al. (2021) stated that the
maximum and significant increase in shoot
length (14 + 0.81 cm), number of leaves
(12 £ 0.0), the diameter of leaves (4.66 +
0.23 cm), length of leaves (9.0 = 0.40 cm),
surface areas of leaves (36.7 = 0.87 cm?),
length of the whole plant (14.33 £ 0.47
cm), and root length (5.66 £ 0.47 cm), has
been found in vermicompost germinating
media. Furthermore, the results showed a
significant increase of vermicompost in all
vegetation growths and floral parameters,
such as plant root volume (15.66 + 0.81)
and number of lateral plant growth (9.00
+ 0.81) and stemmed diameter (1.0 £ 0.0
cm), number of open flowers (2.66 £+ 0.94),
flower diameter (9.00 = 0.81 cm), fresh
weight (16.66 & 0.47 g), number of flower
buds (7.00 + 0.81).
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Table 3

Effect of Bokashi compost on bell pepper plant growth (Tong et al., 2021)

Parameters Values
Plant height (mm) 611.00 +24.34
Stem diameter (mm) 7.32+0.81
Stem internode (mm) 2.60+0.10
Number of fruits per plant 2.60 +0.89
Fruit weight per plant (kg) 0.76 + 46.06

Fruit circumference (mm)

233.60 +26.08

CONCLUSION

This review article has gathered most of
the information that can be implemented
in researching the effect of food waste and
leftovers as compost on the growth quality
of the plant. Firstly, many advantages can
be obtained from composting food waste
and leftover foods as a soil amendment.
Furthermore, it was a promising alternative
to produce fertilizer soon. From all the
compost methods reviewed, the Bokashi
method stands out as the most convenient
approach for this research. This method
tends to be more affordable and, at the
same time, delivers results in a shorter
period compared to the others. Although
anaerobic biodigesters deliver the product
within a considerably shorter period among
all the approaches presented, the availability
and cost seem to be the drawback for this
method. However, the Bokashi method was
generally affordable, and it was a technique
well-practiced worldwide. The pivotal
element in this composting method was
Bokashi bran. Bokashi bran has a lower
processing cost, and it was compatible with
being used in diverse anaerobic designed

environments. The function of the Bokashi
bran in this process was to implement lactic
acid bacteria to amplify the decomposition
process in the vessel. This sequence of the
procedure will be conducted by following
the reference that has been reviewed in this
article.
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