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Addition of earthworm castings reduces 
gas emissions and improves compost quality 
in kitchen waste composting
Hyun Young Hwang, Sang Min Lee, Cho Rong Lee and Nan Hee An* 

Abstract 

In this study, we demonstrate that the addition of earthworm castings (EC) in kitchen waste composting reduces 
ammonia and greenhouse gas (GHG) emissions and improves compost maturity. Kitchen waste (KW) was mixed with 
sawdust at a ratio of 7:3 as the compost stock. Four treatments with different proportions of EC added (0%, 2.5%, 5.0%, 
and 7.5% on the basis of the initial kitchen waste mass) were designed and utilized in a composting process lasting 
85 days. The results showed that the GHG and ammonia emissions were considerably reduced in the treatments with 
EC added. In addition, EC amendment prolonged the thermophilic stage and shortened the composting period. The 
addition of EC reduced ammonia, methane, and nitrous oxide emissions by 61%, 48%, and 94%, respectively, also indi-
cating that nitrogen in the compost was conserved. Nitrogen and major nutrients were best preserved in the EC 7.5% 
treatment, which produced a compost product with a better nutrient profile. Furthermore, the total global warming 
potential of the KW composting process was reduced by 74% by using the mixture with EC. An effective reduction in 
GHG emissions was observed already with the addition of 2.5% EC, but a significant reduction in ammonia emissions 
was observed for the EC 7.5% treatment. Therefore, the results of this study suggest that EC is an effective additive in 
KW composting. More specifically, addition of EC at 7.5% of the initial KW mass was most recommendable for mitigat-
ing potential global warming effects and improving compost quality.
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Introduction
More than 5.5 million tons of kitchen waste (KW) were 
generated in Korea in 2019 [1]. The quantity of KW gen-
erated in Korea has dramatically increased and is now 
recognized as a critical problem. Large amounts of KW 
cause environmental degradation via the widely used dis-
posal methods such as landfilling and incineration, which 
pollute soil, water, and air [2]. These disposal methods 
are not appropriate for KW due to its high moisture con-
tent, and because of limited land space in general [3, 4].

By comparison, composting is a dynamic biologi-
cal decomposition process wherein organic material is 

converted into a stabilized, humus-rich product, and 
nutrients are recycled [5, 6]. Composting is considered 
to be an effective, economical, and simple technology 
for disposing of organic waste. KW contains biodegrad-
able organic compounds and is a valuable raw material 
for composting [7]. Nevertheless, substantial amounts of 
gases such as methane  (CH4), nitrous oxide  (N2O), and 
ammonia  (NH3) are emitted during the composting pro-
cess. This is a major drawback as it not only reduces the 
amounts of reusable nutrients in the final product but 
also presents a contribution to global warming, which 
overall hinders the use of composting as a means of KW 
treatment [8]. Therefore, reducing gas emissions is neces-
sary to make composting techniques more feasible.

A number of previous studies have investigated dif-
ferent additives such as coal ash [9], zeolite [10], and 
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Ca-bentonite [2] for reducing gas emission in various 
setups of organic waste composting. Using earthworms 
to degrade organic matter, also known as vermicom-
posting, has also been studied. Earthworms accelerate 
the composting process by bioturbation, and produce 
a more nutritional end-product containing earthworm 
castings (EC). However, vermicomposting is not an 
accessible technique due to the earthworm breed-
ing that occurs. The temperature of the compost feed 
should be kept below 35 ℃, which is not high enough 
for pathogen suppression, and typically a separation 
process is required. Instead of vermicomposting, EC 
alone could be used as an additive in organic waste 
composting. EC is a non-toxic material that has a low 
C/N ratio and high porosity, and it is already used on 
agricultural lands [11]. EC also has a complex structure 
and high cation exchange capacity due to its small par-
ticle size, which means it could also bind ammonium 
ions, thereby preventing nitrogen loss in KW compost-
ing [12,13]. Thus, it is expected that the gas emissions 
from composting with added EC will differ from that 
of vermicomposting or composting without additives. 
However, the effects of EC as an additive on  NH3 and 
greenhouse gas (GHG) emissions and compost qual-
ity in the KW composting process have not been ade-
quately studied.

To identify a practical strategy for KW composting, 
it is necessary to conduct pilot tests to track the com-
posting process and gas emissions when EC has been 
added to the compost. Therefore, in this study, we 
aimed to investigate changes in the chemical and nutri-
ent characteristics of KW compost as well as  NH3 and 
GHG emissions when different quantities of EC were 
added to a KW composting process. The results of this 
research reveal an effective practice for alleviating gas 
emissions and enhancing the composting process for 
KW.

Methods
Composting materials and experimental design
KW, EC, and sawdust were the main raw materials used 
in this experiment. The KW was collected from a local 
municipal waste station, and contained typical food resi-
dues such as meat, fish, rice, vegetable, etc. The EC was 
obtained from a local market. Sawdust was mixed in as a 
bulk agent to adjust the moisture content to around 60% 
and the C/N ratio to around 26. The characteristics of 
the raw materials used for this experiment are described 
in Table 1. For the experiment, EC was mixed with KW 
at 0%, 2.5%, 5%, and 7.5% (relative to the mass of KW); 
these four treatments were labelled EC 0%, EC 2.5%, EC 
5% and EC 7.5%, respectively.

Composting system and sampling
The experiment was conducted using 62-L plastic con-
tainers (length × width × height = 650 × 440 × 510 
mm) covered with polystyrene. Air was pumped in 
from the bottom, and its flow rate was controlled at 
0.1  m3   m−3   min−1. Temperature was monitored every 
12  h using a data logger (EM50 Data logger, USA). The 
compost was thoroughly turned (manually) inside the 
containers prior to sampling on days 1, 8, 15, 22, 29, 36, 
43, 57, 71, and 85 to avoid anaerobic conditions and to 
homogenize the compost pile. After mixing, compost 
samples were collected from a depth of 10 to 15 cm using 
a core. One portion was preserved at 4 °C and the other 
was dried, ground, and sieved with a 2 mm mesh.

Gas and compost analysis methods
The closed chamber method was used to determine 
methane  (CH4) and nitrous oxide  (N2O) emissions on 
days 1, 8, 15, 22, 29, 36, 43, 57, 71, and 85 during the com-
posting period. The opaque chambers (diameter 24 cm) 
were fixed into the compost pile to a depth of 15  cm, 
only while sampling was taking place. Gas samples were 

Table 1 Properties of materials used for this composting test

Parameter Earthworm casting Kitchen waste Sawdust

pH 7.0 ± 0.1 4.9 ± 0.1 5.3 ± 0.1

EC (dS  m−1) 2.2 ± 0.03 7.0 ± 0.1 0.25 ± 0.02

K (%) 1.17 ± 0.06 0.73 ± 0.09 0.01 ± 0.09

Ca (%) 5.02 ± 0.31 2.23 ± 0.30 0.18 ± 0.01

Mg (%) 1.08 ± 0.15 0.23 ± 0.02 0.02 ± 0.01

Na (%) 0.26 ± 0.05 2.04 ± 0.09 0.03 ± 0.01

Total Carbon (C, g  kg−1) 81 ± 2.4 449 ± 13 487 ± 3.1

Total Nitrogen (N, g  kg−1) 7.9 ± 0.7 51 ± 0.3 1.2 ± 0.0

Water extractable C (g  kg−1) 1.2 ± 0.05 107 ± 13 5.6 ± 0.08

Water extractable N (g  kg−1) 2.1 ± 0.08 16.4 ± 2.1 0.27 ± 0.004
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collected at 0 and 30 min after the chamber was closed. 
The concentrations of  CH4 and  N2O were determined 
using a gas chromatograph (Shimadzu, GC-2010, Tokyo, 
Japan) equipped with a flame ionization detector (FID) 
with a methanizer and a 63Ni electron capture detector 
(ECD), respectively.  NH3 concentration was measured 
as the aqueous concentration of ammonia in sulfuric 
acid, and analyzed by an AutoAnalyzer 3 (Bran Luebbe, 
Germany).

Gas emissions were calculated as gas concentrations 
per unit weight of compost over a specific time interval. 
Total fluxes of gases during the composting process were 
calculated on a mass basis (g  kg−1). Details related to the 
gas sampling and calculation of gas concentrations are 
explained in a previous study [14, 15].

The pH and electrical conductivity values were deter-
mined in a suspension of compost in distilled water (1:20, 
w/v). The extract was filtered through a 0.45  μm mem-
brane filter to measure the dissolved organic carbon 
and nitrogen contents with a TOC-5050A analyzer (Shi-
madzu Corporation, Tokyo, Japan), and through a 5 μm 
filter paper to evaluate the germination index (GI). The 
GI was used to assess the phytotoxicity and maturity of 
the compost [16]. The GI was measured and calculated 
according to RDA, 2012 [17].

The carbon and nitrogen contents were analyzed with 
an elemental analyzer (CHNS-932 Analyzer, Leco). A 
segmented flow analyzer (Technicon Autoanalyzer II 
System, Germany) was used for quantifying  NH4

+-N and 
 NO3

−-N in the composting materials, after extraction by 
mixing fresh samples with a 2 M KCl solution at a ratio of 
1:10 (w/v).

Statistical analysis
For the statistical analysis, one-way ANOVA methods 
were employed using PSS 20.0 software. Pearson correla-
tion analysis was performed to confirm the relationships 
between physiochemical properties and gas emissions 
using R software, with a statistical significance level of 
0.05.

Results and discussion
Methane emissions
The  CH4 emissions from all 4 treatments are shown in 
Fig.  1A. The emission patterns were different among 
treatments. For the EC 0% treatment,  CH4 emissions dra-
matically increased and reached the highest peak among 
the treatments (198 mg  kg−1  days−1) within 10 days, and 
then sharply decreased to zero, while the EC 2.5%, EC 
5.0%, and EC 7.5% treatments reached peaks on days 43 
(127 mg  kg−1  days−1), 29 (136) and 43 (165), respectively, 
which was latter and lower than those of EC 0%. This may 
be due to the EC enhancing the air space and adjusting 

the moisture content, which could cause a reduction in 
the initial  CH4 emissions and provide a favorable envi-
ronment for enhanced  CH4 oxidation by methanotrophs. 
With the progressive decomposition of the compost 
material,  CH4 emissions gradually declines in all treat-
ments (Fig. 1A).

Nitrous oxide emissions
According to previous studies, the production of  N2O 
occurs during an incomplete nitrification/denitrifica-
tion process [18].  NH3 emissions could be considered 
as an indirect source of  N2O. The EC 0% treatment 
mainly released  N2O until the mid-point of the compost-
ing process, but in the other treatments the  N2O levels 
remained near the baseline throughout the whole com-
posting period (Fig. 1B). The considerable  N2O emissions 
released during the thermophilic phase could possibly be 
produced through  NH4

+ oxidization by methanotrophs, 
since temperatures of over 40 ℃ are a limiting factor for 
nitrifiers (Fig. 2D) [19, 20].  N2O emission rates increased 
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Fig. 1 Methane (A) and nitrous oxide (B) emissions during 
composting of different treatment mixtures. EC 0%: kitchen waste 
only; EC 2.5%: kitchen waste + earthworm castings 2.5%; EC 
5.0%: kitchen waste + earthworm castings 5.0%; EC 7.5%: kitchen 
waste + earthworm castings 7.5%
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when pH values were low, which agrees with the results 
reported by Chen et  al. [21]. These results showed that 
relatively lower pH and temperatures of the compost 
pile were favorable for the production of  N2O during the 
thermophilic and mesophilic phases.

Ammonia emissions
Ammonia  (NH3) is a malodorous toxic gas, and  CH4 and 
 N2O are greenhouse gases that cause air pollution.  NH3 
emissions mainly occurred within the first 30 days in all 
treatments (Fig.  2A), which accounted for 75–83% of 
total emissions. The emission patterns of  NH3 observed 
in this study were similar to those reported in previ-
ous studies on KW composting with additives [22]. The 
change in emissions was strongly correlated with the 
 NH4

+-N/NO3
−-N ratio,  NO3

−-N, and DON (Fig. 5). This 
may be attributable to the conversion of  NH4

+ into  NH3, 
which is caused by the rapid degradation of organic N to 
inorganic N. Ammonium would subsequently volatilize 
under high-temperature and high-pH conditions. Peak 

emissions occurred on day 8 for all treatments: EC 0%, 
7.07 g  kg−1  days−1; EC 2.5%, 6.89 g  kg−1  days−1; EC 5.0%, 
6.42 g  kg−1  days−1; EC 7.5%, 5.66 g  kg−1  days−1. In the EC 
7.5% treatment,  NH3 emissions started to decrease from 
day 15 and then reached a negligible level, while they 
dropped sharply to the lowest values by days 29 for EC 
2.5% and EC 5.0% and 36 for EC 0%. The addition of EC 
was therefore effective in reducing  NH3 emissions during 
the initial stage of composting.

Changes in temperature, pH and degree of compost 
maturity
Temperature is considered to be an essential parame-
ter in the composting process because it can reflect the 
organic matter degradation and microbial activity. Most 
other composting experiments have shown similar tem-
perature change patterns [23]. The dynamic changes in 
temperature that occurred during the composting exper-
iments are shown in Fig. 3A. The composting process is 
generally divided into thermophilic (> 50 ℃), mesophilic, 
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Fig. 2 Ammonia emission rate (A), ammonium-nitrogen (B), nitrate-nitrogen (C) and ammonium:nitrate ratio (D) for different treatments during 
composting. EC 0%: kitchen waste only; EC 2.5%: kitchen waste + earthworm castings 2.5%; EC 5.0%: kitchen waste + earthworm castings 5%; EC 
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and maturation stages [24]. The EC-added treatments 
reached the thermophilic phase within 1–2  days, which 
lasted for 3–4 days at an average of 59.5–62.1 ℃. Mean-
while, EC 0% reached 55 °C on day 3 and its average tem-
perature (55.13 ℃) was clearly lower than those of the EC 
treatments. Peak temperatures of 63.3, 65.0, and 66.1 ℃ 
were recorded on day 2 or 3 for the EC 2.5%, EC 5.0%, 
and EC 7.5% treatments, respectively, while the control 
reached a peak of 61.25 ℃ on day 8. After the peaks were 
reached, temperatures gradually declined for all treat-
ments, remaining below 50 ℃ from day 10 onward. Tem-
peratures slightly increased again between days 16 and 
22, which marked the mesophilic stage. The temperatures 

of the EC treatments were higher than those of the EC 
0% treatment in the maturation phase, due to the additive 
preventing heat loss. In general, the control treatment 
showed the lowest temperature amongst the treatments 
throughout the composting period, and the temperatures 
increased with increased EC addition. These results indi-
cate that addition of EC promoted organic matter degra-
dation and microbial activity.

All treatments showed similar trends in pH values 
(Fig. 3B); pH increased over the first 15 days before sta-
bilizing between 7 and 8.5, which is normally consid-
ered as an optimal pH range for efficient composting 
[9]. The increasing pH in the thermophilic phase could 
be attributed to the increase in ammonia and degrada-
tion of acidic compounds (Fig. 2A). Until the mid-point 
of the composting process, the pH of the EC 0% con-
trol was slightly lower than those of the EC treatments. 
In the final stage, all treatments showed relatively stable 
pH values that were higher than the initial values. The 
pH of the EC 0% treatment increased from 5.11 to 7.51, 
that of EC 2.5% increased from 6.04 to 7.69; that of EC 
5.0% increased from 5.88 to 8.34, and that of EC 7.5% 
increased from 6.14 to 7.69.

The phytotoxicity and degree of maturity of the com-
post were determined through the GI value. For all treat-
ments, the GI gradually increased as the composting 
process progressed (Fig.  3C). The GI of the EC-added 
treatments reached values exceeding 80%, indicating 
maturity, by day 57, as compared to day 71 for the EC 0% 
treatment. These results suggest that co-composting of 
KW with EC could shorten the composting period, which 
would lead to reduced labor and operating costs for pro-
ducing compost.

Nutrient contents
During composting, N is first transformed into  NH4

+-N, 
so changes therein can reflect N conversion [25, 26]. The 
decreasing trend in  NH4

+-N levels observed might be 
because of  NH3 volatilization and conversion to  NO3

−-N 
(Fig. 2D). Conversely,  NO3

−-N contents were low during 
the initial thermophilic phase and dramatically increased 
in the later stages (Fig. 3C). The activity of nitrifying bac-
teria can be promoted under temperatures of 40 ℃ and 
under aerobic condition [27, 28]. Therefore nitrifica-
tion did not occur in our experiments, and this explains 
the low  NO3

−-N concentrations measured during the 
thermophilic stage (Fig.  2C).  NO3

−-N concentrations 
increased from day 29, when  NH3 emissions started to 
drop.

As shown in Fig. 4A, the total carbon (TC) contents in 
all the treatments slightly decreased and then increased 
within the first 36 days, and were constant by the end of 
the process. The decomposition and synthesis of organic 
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Fig. 3 Changes in temperature (A), pH (B), and germination 
index (GI) [indicating the degree of compost maturity] (C) during 
the composting process. EC 0%: kitchen waste only; EC 2.5%: 
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substances occurs simultaneously during composting. 
This is the reason why the TC contents did not change 
significantly between the initial and final compost piles. 
Figure  4B shows the changes in total nitrogen (TN). 
A decrease was observed due to the loss of ammonia. 
Over the whole composting process, the change in the 
C/N ratio was highest for the EC 0% control (Fig.  4C), 
which is mostly due to N loss caused by  NH3 volatiliza-
tion during the thermophilic stage. The dissolved organic 
carbon (DOC) concentration was higher during the 
initial phase, ranging from 1104 to 1154  mg   kg−1, and 
sharply decreased from day 22 to below 500  mg   kg−1. 
This pattern (Fig.  4D) agrees with the results presented 

by Zmora-Nahum et al. [29]. The changes are attributed 
to the available carbon being metabolized by micro-
organisms under thermophilic conditions. The DOC 
concentration showed a positive correlation with tem-
perature and TN, but a negative correlation with  NO3-N 
(p < 0.001). Conversely, the increase in DON concentra-
tion occurred after the DOC had decreased (Fig. 4E), and 
was positively correlated with  NO3-N and negatively cor-
related with  NH4/NO3 (p < 0.001) (Fig. 5).

The considerable  NH3-N loss in the EC 0% treatment 
resulted in this treatment having the lowest TN content 
in the final compost product (Fig. 4B). The addition of EC 
increased not only TN, but also levels of other nutrients 

Composting period (week)
0 10 20 30 40 50 60 70 80 90

gk
g(

CT
1-
)

20

30

40

50

0 10 20 30 40 50 60 70 80 90

gk
g(

NT
1-
)

0.4

0.8

1.2

1.6

gk
g

m(
C

O
D

-1
)

0

300

600

900

1200

1500

gk
g

m(
N

O
D

-1
)

0

50

100

150

200

250

Composting period (days)
0 10 20 30 40 50 60 70 80 90

oitar
N/

C

15

30

45

60

Composting period (days)
0 10 20 30 40 50 60 70 80 90

oitar
N

O
D/

C
O

D

0

20

40

60

80

100
EC 0%
EC 2.5%
EC 5%
EC 7.5%

(A)

(B)

(C)

(D)

(E)

(F)

Fig. 4 Total carbon content (A), total nitrogen content (B), carbon:nitrogen ratio (C), dissolved organic carbon (D), dissolved organic nitrogen (E), 
dissolved carbon:nitrogen ratio (F) during composting. Error bars represent standard deviations of triplicate measurements. EC 0%: kitchen waste 
only; EC 2.5%: kitchen waste + earthworm castings 2.5%; EC 5.0%: kitchen waste + earthworm castings 5%; EC 7.5%: kitchen waste + earthworm 
castings 7.5%



Page 7 of 9Hwang et al. Applied Biological Chemistry           (2022) 65:27  

such as potassium (K), calcium (Ca), and magnesium 
(Mg) in the final compost product due to the high nutri-
ent content of EC (Table 1). The K, Ca, and Mg concen-
trations of EC 7.5% were 1.74, 2.16, and 3.10 times higher 
than those of EC 0%, respectively, which indicates an 
overall improvement in compost quality (Fig. 5).

Global warming potential (GWP)
The addition of EC was effective in reducing gas emis-
sions over the KW composting period. Table  2 shows 
the total fluxes of  NH3,  CH4, and  N2O during the com-
posting process. Total GHG emissions were expressed 
as  CO2-C equivalents using the global warming poten-
tial (GWP) coefficients of 1 for  CO2, 25 for  CH4, and 
298 for  N2O [30]. The total GWP values of the EC 0%, 
EC 2.5%, EC 5.0%, and EC 7.5% treatments were 147.9, 
69.35, 38.05, and 38.13  g  CO2 eq.   kg−1, respectively. 
The EC-added treatments showed 76–94% lower  N2O 
emissions relative to that of EC 0% due to the restricted 
denitrification related to the improved air permeability 
of the composting piles (Fig.  2B). The addition of EC 

also decreased  CH4 production by 23–48%. Overall, EC 
addition resulted in a 53–74% reduction in the GWP. 
A mixing rate of only 2.5% EC was already effective in 
decreasing potential global warming impacts, but 5.0% 
and 7.5% EC mixing rates increased this reduction to 
74%. The addition of EC was also effective in reducing 
 NH3 emissions. When 2.5% and 5.0% EC was incorpo-
rated into the composting pile,  NH3 production was 
reduced by 13% and 21%, respectively, relative to the 
EC 0% control treatment.  NH3 emissions were even 
more significantly reduced (by 61%) in the EC 7.5% 
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Table 2 Ammonia emission and global warming potential 
(GWP) values during composting

Treatment EC 0% EC 2.5% EC 5% EC 7.5%

NH3 (g  kg−1 C.W) 153.8 133.5 121.4 60.3

GWP-CH4  (gCO2 eq.  kg−1 C.W) 63.9 49.4 33.3 33.4

GWP-N2O  (gCO2 eq.  kg−1 C.W) 84.02 19.95 4.75 4.73

Total GWP  (gCO2 eq.  kg−1 C.W) 147.9 69.35 38.05 38.13
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treatment, which can be explained by the high cation 
exchange capacity of EC (Table 2, Fig. 6).

The addition of EC in KW composting could miti-
gate total GHG emissions and improve compost qual-
ity. Although the results presented in this study provide 
a solid basis for the management of kitchen and organic 
wastes in general, pilot tests are still needed to evaluate 
the commercial feasibility.
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