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Although livestock manure and food waste have emerged to be main issues to cause environmental problems, 

at the same time, and recycle natural resources, the simultaneous treatment method and impact of two organic 

wastes are not well understood. In this research, the influence of different types of livestock manures 

combination on compost maturity, greenhouse gas (GHG) and NH3 emission was evaluated during food waste 

composting. Apart from a control treatment (only food waste, OF), three co-composting treatments were 

conducted: (1) food waste + cow manure (FCM); (2) food waste + swine manure (FSM); and (3) food waste + 

poultry manure (FPM). An 84-day composting experiment was conducted in 62 L composting chamber. During 

composting process, changes of methane (CH4), nitrous oxide (N2O), ammonia (NH3) emissions and compost 

pile; temperature, pH, nutrient content, etc., were periodically investigated. The co-composting with livestock 

manures significantly reduced nitrogen losses by NH3 (11.5 - 44.2%) and N2O (39.1 - 49.7%) emissions. The 

lowest NH3 emission were observed in FSM treatment. The highest CH4 and N2O production was detected in 

FCM and OF treatment, respectively. The global warming potential (GWP) value was calculated to evaluate 

overall GHG impact, then FSM showed the lowest GWP value (7.0 kg CO2 eq. kg-1), which is 109% reduction 

rate compared to FC (highest GWP, 14.7 kg CO2 eq. kg-1). Nutrients content such as Ca, Mg, and K of final 

compost product were increased by 33 - 76%, 17 - 76%, 60 - 90% in livestock manure combination treatments. 

Germination index was increased in FSM and FPM, compared to OF during composting, and then they could 

accelerate maturation rate. These results suggested that co-composting with food waste and livestock manures 

is recommendable to improve compost quality, especially, swine manure was an efficient material to reduce 

GHG and nitrogen loss by NH3 for food waste composting.
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Total global warming potential (GWP) and ammonia flux of different co-composting treatments during composting 

process.

Introduction

With the rapid development of the population and economy, huge amounts of food waste have been generated. 

Recent report shows that 5.8 million tons per year (2017) of food waste is generated in Korea (MOE, 2019) and is 

expected to rise more in the next two decades. The food waste disposal has become increasingly serious and needs 

to be solved urgently. The improper treatment will cause substantial production of leachate and greenhouse gases, 

damage biodiversity and affect the living environment of residents. Since 2005, however, landfilling of food waste 

(FW) was prohibited in South Korea, most FW (86% of total production amount) is recycled by composting and 

converted into feed products and fertilizers (MOE, 2019). Aerobic composting is regarded as one of the most 

economically efficient pathways to treat and recycle food wastes (Chan et al., 2016; He et al., 2018).

Composting treatment is a well-developed technology adopted by various countries. By composting process, the 

organic waste is transformed into a stable organic matter. However, the efficiency of FW composting is often very 

low due to its low porosity, high bulk density, poor C:N ratio, easy acidification, and others (Awasthi et al., 2017). 

These limitations could be overcome by combining it with other organic wastes like livestock manure, sludge, and 

others.

The vast amounts of livestock manure is another issue caused by the intensive development of livestock industry. 

According to a recent report, 153 thousand tons livestock manures per day is produced in Korea. The amount of 

manure (thousand ton per day) generated by livestock type was cattle (63) > swine (61) > poultry (28) in that order. 

The livestock manure (LM) has been mostly treated by aerobic composting and anaerobic digestion, to produce 

biofertilizer and bioenergy for resource recovery (Luo et al., 2013; Liu et al., 2020).

The combining of food waste and manures, which are continuously increasing, not only reduces the time and labor 

but also saves the costs, compared to separated disposal of each waste. A few studies reported combination effects 

of livestock manure and food waste, such as swine manure, chicken manure (Hwang et al., 2020b; Ravindran et al., 

2022), and most of food waste composting research focused on bulking agents like rice husk, biochar, vermiculite, 
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mature compost (Chang and Chen, 2010; Chen et al., 2010; Cao et al., 2018; He et al., 2018; Yang et al., 2019). 

However, the comparison studies among manures types have not been fully conducted, and detailed impact of the 

different livestock manure types on gas emission during composting process is poorly understood.

Therefore, the current research was designed to investigate the influence of co-composting of various livestock 

manures and food waste. The changes in temperature, pH, maturity, chemical properties of compost piles were 

monitored, and GHGs (CH4 and N2O), NH3 emission were analyzed to develop practical food waste composting 

strategy. The results of this work reveal an effective practice for alleviating gas emissions and improve compost 

quality.

Materials and Methods

Composting system and materials Four of 62 L PVC containers (length × width × height = 650 × 440 × 510 

mm) covered with thick polystyrene were installed to prevent heat loss. The four treatments were not replicated 

since the composting scale (62 L of volume) ensures the experimental reproducibility as well evidenced in other 

studies (Yuan et al., 2015; Jiang et al., 2016; Zhang et al., 2016; Hwang et al., 2020a). Air was supplied from the 

bottom of the container chamber with a flow meter (1 - 1.5 L min-1). The four treatments were labeled as OF (only 

food waste (FW), control), FCM (FW + cow manure), FSM (FW + swine manure) and FPM (FWM + poultry 

manure), respectively. The FW and manures were collected from a local municipal waste station, and farm houses, 

respectively. The characteristics of the raw materials used for this experiment are described in Table 1. Raw and 

fresh materials were manually mixed with the ratio of 35% food waste and 35% livestock manure, and 30% sawdust 

(dried w/w) was used to control initial moisture content and C/N ratio. Moisture contents of raw materials were 

determined before the test to make same dried weight of compost pile (25 kg), and control water content between 60 

and 65%, because the water content of compost pile is very important for composting process. Since there is little 

difference in moisture content among manures, the final moisture contents of compost pile were recorded around 

optimum range. For OF treatment, 70% of food waste and 30% of saw dust was mixed. Temperature sensors was 

placed in middle of compost pile and, the internal temperature was monitored every 12 h using a data logger (EM50 

Data logger, USA).

Table 1. Characteristics of the composting materials used for this experiment.

Material
pH

(1:5 H2O)

EC

(dS m-1)

Moisture 

content

(%)

TC

(%)

TN

(%)

C/N ratio

(%)

TP

(%)

K

(mg kg-1)

Ca

(mg kg-1)

Mg

(mg kg-1)

Na

(mg kg-1)

Food waste 4.9 7.04 20.0 44.9 5.1     8.8 8.1   7.29 22.29   2.33 20.4

Cow manure 8.0 4.45 12.9 36.1 1.67   21.6   8.66 23.43 10.14   7.23 5.22

Swine manure 7.7 4.18 16.6 35.4 2.56   13.8 17.56 22.8 34.83 12.87 4.81

Poultry manure 7.1 3.76 12.0 34.6 1.79   19.3 16.89 20.61 41.55   8.88 3.73

Sawdust 5.4 0.24 8.83 40.2 0.21 191.4   0.85   1.15   0.95   0.25 0.11
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Gases sampling and analysis The closed chamber method was used to determine GHGs such as methane 

(CH4) and nitrous oxide (N2O) at 1, 8, 15, 22, 29, 36, 43, 57, 71 and 85 days during composting period (Jeong et al., 

2018; Hwang et al., 2022). The concentrations of two gases were measured using gas chromatography (Shimadzu, 

GC-2010, Tokyo, Japan). CH4 and N2O concentrations were determined by a flame ionization detector (FID) with a 

methanizer and a 63Ni electron capture detector (ECD), respectively.

The gas was extracted by air pump from composting bin for six hours. The uptake of gas-phase NH3 by sulfuric 

acid was measured by aqueous concentration of ammonium in the sulfuric acid. The increased NH3 uptake in acid 

solution is apparently due to reaction between NH3 and H+ at the gas-liquid interface. Concentration of ammonium 

sulfate was analyzed by auto analyzer 3 (Bran Luebbe, Germany).

Gas emission were calculated from gas concentration per compost weight over a specific time interval. Total 

fluxes of gases were calculated on a mass basis during composting process (g kg-1). Details related to the sampling 

and calculation of gases are explained in a previous study (Han et al., 2018; Hwang et al., 2020b).

Compost sampling and chemical analysis The compost was manually turned over and properly mixed prior 

to collection on 1, 8, 15, 22, 29, 36, 43, 57, 71, and 85th day to homogenize the compost pile. After mixing, compost 

samples were collected using a core, and divided into two parts; one portion was preserved at 4°C before analysis, 

and the other portion was air-dried at 65°C for approximately 48 h, ground and sieved with a 2 mm mesh for 

chemical analysis.

The pH and electrical conductivity (EC) values were determined in the compost:distilled water suspension (1:20, 

w/v ratio). The extract was filtered through a 0.45 µm membrane filter to analyze the dissolved carbon and nitrogen 

concentration; Concentration was determined using a TOC-5050A analyzer (Shimadzu Corporation, Tokyo, Japan). 

The total carbon and nitrogen contents were analyzed by element analyzer (CHNS-932 Analyzer, Leco). Fresh 

samples were extracted with distilled water (1:10), and filtered through a 5 µm filter paper to evaluate the germi-

nation index (GI). GI value was used to assess the phytotoxicity and maturity level of compost (Yang et al., 2015; 

Chen et al., 2019). The GI was measured and calculated according to RDA (2012). A segmented flow analyzer 

(Technicon Autoanalyzer II System, Germany) was used for quantifying NH4

+-N and NO3

--N in composting 

materials extracted by mixing fresh samples with 2 M KCI solution at a ratio of 1:10 (weight/volume).

Statistical analysis Mean values and standard deviations of triplicate measurements were shown in this study. 

The data were subjected to one-way analysis of variance (ANOVA), and identified the least significance variance 

(LSD) at P = 0.05 values by Statistical Analysis System (SAS 8.2).

Results and Discussion

Changes of temperature and pH Temperature was considered as the essential parameter because it could 

reflect the organic matter degradation and microbial activity of composting process. The temperature changes of 
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compost pile showed three stages, namely thermophilic (>55°C), mesophilic stage and maturation stage, which is 

generally divided in composting experiment (Jäckel et al., 2005; Mehta et al., 2014) (Fig. 1A). The changes in 

temperature of manure combination treatments displayed similar tendencies. After the test started, it increased 

rapidly, reaching the thermophilic phase within 4th day. The highest peak was 72, 61, 66°C in FCM (5th), FSM 

(6th) and FPM (5th), respectively. The OF treatment showed the peak 57°C on 32th day, and the period of 

thermophilic was relatively shorter (for 3 days) than FSM (10 days), FCM (9 days), and FPM (4 days). It can be 

attributed to that the addition of LM could enhance microbial activity and then accelerate the decomposition of 

composting materials (Chen et al., 2017). Afterwards all treatments showed a gradual decline, and control (OF) 

mostly recorded the lowest temperature the composting period.

The pH of compost is also an important factor that affects microbial activity during composting. Except OF, 

similar patterns of pH values were observed in FW + LM treatments. It rose within 15th days then it maintained 

between 7 to 8.5, which is commonly considered as an optimal pH value for efficient composting (Wong et al., 2009) 

(Fig. 1B). The initial pH value of OF was very low (5.2), and it reached pH 7 at 6th week, middle of composting 

process. The pH of all treatments slightly decreased at the beginning stage possibly due to the production of organic 

acids, which agrees with the results reported by Yang et al. (2019). Increasing trend in the thermophilic phase is due 

to the release of organic and inorganic acids during the degradation of organic materials (Li et al., 2020; Wang et 

al., 2021). At final stage, all treatments showed relatively stable and higher than initial value. The pH value of OF 

increased from 5.2 to 8.0, FCM: 6.7 to 7.6, FSM: 6.6 to 7.8 and FPM: 7.3 to 7.8, respectively.

Composting period (Days)

0 7 14 21 28 35 42 49 56 63 70 77 84

T
e

m
p

e
ra

tu
re

 (
o

C
)

20

30

40

50

60

70

80

FO

FC

FS

FP

Composting period (week)

0 2 4 6 8 10 12

p
H

4

5

6

7

8

9

(A) (B)

Fig. 1. Changes in the (A) temperature and (B) pH during the composting period. FO, food waste only; FC, food waste + 

cow manure; FS, food waste + swine manure; FP, food waste + poultry manure.

Gas emissions & Global warming potential (GWP) Although aerobic composting emitted less CH4, it is 

main GHG generated during composting due to the 25 times higher global warming potential (GWP) than that of 

CO2. The CH4 emission patterns were similar among treatments. After the experiment started, the CH4 flux of FCM 

and FSM was rapidly produced, but immediately decreased like other treatments (Fig. 2A). The initially increased 
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CH4 emission might be due to the largely consumed oxygen for organic matter decomposition during the thermo-

philic beginning phase. The highest peak was observed at 7th week in all treatments; FCM (2.10 g kg-1 dw), FPM 

(0.96 g kg-1 dw), OF and FSM (0.48 g kg-1 dw). The emission patterns indicated that the anaerobic condition caused 

similar CH4 emission pattern, but concentration was different among the treatments. Methane was produced by 

methanogen using CO2 and acetic acid in anaerobic condition. Higher emission of CH4 in FCM and FPM might be 

indicated the unsuitable aeration during composting and improper density between raw materials.

The changes in N2O emission are shown in Fig. 2B. The N2O production occurs by nitrification and 

denitrification of compost materials (Shen et al., 2011; Wu et al., 2017). Overall, low mean N2O emissions were 

recorded during whole composting period. High emission was once observed in OF and slightly high peak in others 

at middle of composting process, while tended to the baseline in other days (Fig. 2B). Wang et al. (2018a) reported 
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Fig. 2. (A) CH4, (B) N2O and (C) NH3 emission rates during composting process.
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that relatively lower temperature and pH of compost was favorable condition for N2O emission during thermo and 

mesophilic phases, which agreed with N2O emission pattern in this study.

The curves of NH3 content are shown in Fig. 2C. The NH3 mainly occurred within first 30 days, which accounted 

for 62 - 81% of total flux. It is due to the volatilization of ammonium ions present in the initial compost pile under 

high temperature condition. And with the rise in temperature and pH value of the compost material, the rapid 

decomposition of organic matter resulted in the release of large amounts of NH3 in initial composting phase (Figs. 1 

and 2). This emission pattern agreed to previous studies (Zhang et al., 2016; Wang et al., 2018b; Yang et al., 2019; 

Hwang et al., 2022). The changes in NH3 were strongly correlated with NH4-N and DOC (Fig. 3). It might be 

attributed to the conversion of NH4

+ to NH3, which was caused by the rapid degradation of organic N to inorganic 

N. Ammonium would subsequently volatilize under high temperature and pH conditions.
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Fig. 3. Changes in different chemical parameters during composting process: (A) Nitrate nitrogen, (B) Ammonium 

nitrogen, (C) Dissolved organic carbon (DOC) and (D) Dissolved organic nitrogen (DON). FO, food waste only; FC, food 

waste + cow manure; FS, food waste + swine manure; FP, food waste + poultry manure. All data are the mean of three 

replicates, and eror bars indicate standard deviations.

Fig. 4 showed global warming impact and NH3 fluxes of all treatments. The total GWP were expressed as CO2-C 

equivalents using a GWP values of 1 for CO2, 25 for CH4, and 298 for N2O (IPCC, 2007). The total GWPs of FCM, 

FPM, OF and FSM treatment were 14.7, 9.2, 7.6 and 7.0 kg CO2 eq. kg-1, respectively. In manure treatments, the 



450 ∙ Korean Journal of Soil Science and Fertilizer Vol. 55, No. 4, 2022

CH4 was main contributor on total GWP ranged from 79 to 89%, but GWP of FO was composed with 65% CH4 and 

35% N2O emission. The LM combination slightly increased CH4, however, effectively reduced N2O (39 - 50%) and 

NH3 losses (12 - 44%) during FW composting process, compared to OF. These results showed that swine manure 

was the most recommendable material to control GHGs and NH3 emissions for food waste composting.
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Fig. 4. Changes in the maturity indexes. FO, food waste only; FC, food waste + cow manure; FS, food waste + swine 

manure; FP, food waste + poultry manure. All data are the mean of three replicates, and eror bars indicate standard 

deviation.

Nutrient contents and maturity The changes in dissolved carbon and nitrogen (DOC and DON), and the 

NH4

+-N and NO3

--N throughout the composting process are shown in Fig. 3. Low NO3

--N concentrations were 

observed in the thermophilic phase in all treatments (Fig. 3A) since the nitrification process was hindered by high 

NH3 toxicity and temperature (Paśmionka et al., 2021). The activity of nitrifying bacteria could be promoted under 

40°C and aerobic condition (Zhang and Sun, 2015; Awasthi et al., 2020). Therefore, nitrification did not occur, and 

resulted in low NO3

--N content during thermophilic stage (Fig. 3A), then it increased from 35th day, when NH3 

emission started to decrease. The NH4

+-N decreasing trend might be due to the ammonia volatilization and the 

conversion from NH4

+ to NO3

- (Fig. 3B), because NH4

+ ion was used for both NH3 volatilization and nitrification. 

Since there was a lot of NH3 volatilization in the early phase, nitrification action would not have occurred due to 

low content of NH4

+. Ammonia volatilization is a chemical reaction, and nitrification is a biological reaction 

involving microorganisms, volatilization action could occur first.

The dissolved organic carbon (DOC) concentration was higher during initial stage, and decreased from 4th week 

because microorganisms greatly decomposed the available carbon under thermophilic phase (Wang et al., 2013). 

The DOC concentration has positive correlation with temperature (Fig. 3C). The dissolved organic nitrogen (DON) 

contents were fluctuated during whole composting period, but trends in DON changes were similar for all 

treatments (Fig. 3D). The C/N ratio increased at final stage due to nitrogen loss during composting process, and the 

highest C/N ratio was obtained in the FO (Table 2), which emitted the largest amount of NH3. The increase in 

nutrient content such as Ca, Mg, K, Na may also be attributable to the so-called ‘‘concentration effect’’ in which the 
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organic matter was lost in the form of gases such as H2O and CO2, resulting in an increase in the nutrient content per 

unit mass (Table 2) (Chi et al., 2020).

Table 2. Characteristics of initial and final compost piles.

Composting cycle (A) Initial (0 week) Final (12 week)

Compost (B) OF† FCM FSM FPM OF FCM FSM FPM

TC (%) 44.12 a‡ 44.17 a 41.04 ab 37.11 b 39.23 a 33.14 b 29.10 c 31.90 b

TN (%) 2.34 a 1.81 a 1.81 a 2.16 a 0.93 a 1.10 a 1.18 a 0.97 a

C/N 18.9 a 24.4 a 22.7 a 17.2 a 42.2 a 30.1 b 24.7 c 32.9 b

DOC 1,279 b 1,703 a 1,911 a 1,615 a 530.9 b 547.7 b 581.2 b 1,005.6 a

DON 198 ab 145 b 269 a 239 a 239 b 244 b 425 a 446 a

Ca (mg kg-1) 2.79 ab 2.11 b 3.43 a 3.45 a 3.19 c 3.72 b 4.56 a 4.89 a

Mg (mg kg-1) 0.33 c 0.45 bc 0.60 b 0.87 a 0.43 c 0.79 b 0.70 b 1.36 a

K (mg kg-1) 0.45 c 0.75 b 0.82 b 1.62 a 0.73 c 1.20 b 0.69 c 3.07 a

Na (mg kg-1) 0.65 a 0.58 b 0.52 b 0.43 c 1.11 a 0.87 a 0.56 b 0.63 ab

pH (1:10 H2O) 5.20 b 6.69 ab 6.60 ab 7.29 a 7.96 a 7.63 a 7.79 a 7.82 a

†OF, only food waste; FCM, food waste + cow manure; FSM, food waste + swine manure; FPM, food waste + poultry manure;

TC, total carbon; TN, total nitrogen; DOC, dissolved organic carbon; DON, dissolved organic nitrogen.
‡Different letters in the same line (initial and final, respectively) indicate significant difference among treatments at LSD0.05.

The maturity and phytotoxicity degree of compost were determined by germination index (GI) value. In all 

treatments, the GI values gradually increased with composting process (Fig. 5). The GI value of FO and FC was 

fluctuated between 7th and 10th weeks, but FC and FP treatments reached above 80%, indicating maturity (Zhang 

et al., 2018; Duan et al., 2021), at 8th week. This result showed FW co-composting with swine and poultry manure 

can shorten composting period.
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Conclusions

Combinations of different livestock manures and food waste were investigated to understand their co-composting 

synergistic effects on GHGs and NH3 reduction and compost quality during composting period. This research 

showed that mixing manure promoted composting process by prolonging the thermophilic phase, increasing tempe-

rature, and reduced the NH3 during kitchen waste composting. The co-composing with swine manure was the most 

effective to reduce NH3 loss. In further research, absorption mechanisms of swine and cow manures and microbial 

interaction between manures and FW still need to be studied.

Acknowledgement

This research was supported by the Rural Development Administration (PJ01352204), Republic of Korea.

References

Awasthi, M.K., A. Selvam, K.M. Lai, and J.W.C. Wong. 2017. Critical evaluation of postconsumption food waste 

composting employing thermophilic bacterial consortium. Bioresour. Technol. 245:665-672.

Awasthi, M.K., Y. Duan, T. Liu, S.K. Awasthi, and Z. Zhang. 2020. Influence of bamboo biochar on mitigating green-

house gas emissions and nitrogen loss during poultry manure composting. Bioresour. Technol. 303:122952.

Cao, L., I.K.M. Yu, D.C.W. Tsang, S. Zhang, Y.S. Ok, E.E. Kwon, H. Song, and C.S. Poon. 2018. Phosphoric acid- 

activated wood biochar for catalytic conversion of starch-rich food waste into glucose and 5-hydroxymethylfurfural. 

Bioresour. Technol. 267:242-248.

Chan, M.T., A. Selvam, and J.W.C. Wong. 2016. Reducing nitrogen loss and salinity during ‘struvite’ food waste 

composting by zeolite amendment. Bioresour. Technol. 200:838-844.

Chang, J.I. and Y.J. Chen. 2010. Effects of bulking agents on food waste composting. Bioresour. Technol. 101(15): 

5917-5924.

Chen, J., D. Hou, W. Pang, E.E. Nowar, J.K. Tomberlin, R. Hu, H. Chen, J. Xie, J. Zhang, Z. Yu, and Q. Li. 2019. 

Effect of moisture content on greenhouse gas and NH3 emissions from pig manure converted by black soldier fly. 

Sci. Total Environ. 697:133840.

Chen, W., X. Liao, Y. Wu, J.B. Liang, J. Mi, J. Huang, H. Zhang, Y. Wu, Z. Qiao, X. Li, and Y. Wang. 2017. Effects 

of different types of biochar on methane and ammonia mitigation during layer manure composting. Waste Manage. 

61:506-515.

Chen, Y.X., X.D. Huang, Z.Y. Han, X. Huang, B. Hu, D.Z. Shi, and W.X. Wu. 2010. Effects of bamboo charcoal and 

bamboo vinegar on nitrogen conservation and heavy metals immobility during pig manure composting. Chemo-

sphere 78:1177-1181.

Chi, C.P., S. Chu, B. Wang, D. Zhang, Y. Zhi, X. Yang, and P. Zhou. 2020. Dynamic bacterial assembly driven by 

streptomyces griseorubens JSD-1 inoculants correspond to composting performance in swine manure and rice 

straw co-composting. Bioresour. Technol. 313:123692.

Duan, Y., J. Yang, Y. Guo, X. Wu, Y. Tian, H. Li, and M.K. Awasthi. 2021. Pollution control in biochar-driven clean 

composting: Emphasize on heavy metal passivation and gaseous emissions mitigation. J. Hazard Mater. 420:126635.

Han, Z., D. Sun, H. Wang, R. Li, Z. Bao, and F. Qi. 2018. Effects of ambient temperature and aeration frequency on 



Impact of Different Livestock Manures on the Compost Quality and Greenhouse Gas Emissions during Food Waste Composting ∙ 453

emissions of ammonia and greenhouse gases from a sewage sludge aerobic composting plant. Bioresour. Technol. 

270:457-466.

He, Z., H. Lin, J. Hao, X. Kong, K. Tian, Z. Bei, and X. Tian. 2018. Impact of vermiculite on ammonia emissions and 

organic matter decomposition of food waste during composting. Bioresour. Technol. 263:548-554.

Hwang, H.Y., S.H. Kim, J.H. Shim, and S.J. Park. 2020a. Composting process and gas emissions during food waste 

composting under the effect of different additives. Sustainability 12:7811.

Hwang, H.Y., S.H. Kim, M.S. Kim, S.J. Park, and C.H. Lee. 2020b. Co-composting of chicken manure with organic 

wastes: Characterization of gases emissions and compost quality. Appl. Biol. Chem. 63:1-10.

Hwang, H.Y., S.M. Lee, C.R. Lee, and N.H. An. 2022. Addition of earthworm castings reduces gas emissions and 

improves compost quality in kitchen waste composting. Appl. Biol. Chem. 65:27.

IPCC. 2007. Technical summary. In: S. Solomon et al. (ed.) Climate change 2007: The physical science basis. Contri-

bution of Working Group I to the Fourth Assessment Report of the Intergovernmental Panel on Climate Change. 

Cambridge University Press, Cambridge, UK and New York, NY, USA.

Jäckel, U., K. Thummes, and P. Kämpfer. 2005. Thermophilic methane production and oxidation in compost. FEMS 

Microbiol. Ecol. 52:175-184.

Jeong, S.T., G.W. Kim, H.Y. Hwang, P.J. Kim, and S.Y. Kim. 2018. Beneficial effect of compost utilization on 

reducing greenhouse gas emissions in a rice cultivation system through the overall management chain. Sci. Total 

Environ. 613-614:115-122.

Jiang, T., X. Ma, J. Yang, Q. Tang, Z. Yi, M. Chen, and G. Li. 2016. Effect of different struvite crystallization methods 

on gaseous emission and the comprehensive comparison during the composting. Bioresour. Technol. 217:219-226.

Li, H., T. Zhang, D.C.W. Tsang, and G. Li. 2020. Effects of external additives: Biochar, bentonite, phosphate, on co- 

composting for swine manure and corn straw. Chemosphere 248:125927.

Liu, Y., R. Ma, D. Li, C. Qi, L. Han, M. Chen, F. Fu, and J. Yuan. 2020. Effects of calcium magnesium phosphate 

fertilizer, biochar and spent mushroom substrate on compost maturity and gaseous emissions during pig manure 

composting. J. Environ. Manage. 267:110649.

Luo, Y.M., D.G. Xu, and G.X. Li. 2013. Effect of superphosphate as additive on nitrogen and carbon losses during 

pig manure composting. Appl. Mech. Mater. 2301:295-298.

Mehta, C.M., U. Palni, I.H. Franke-Whittle, and A.K. Sharma. 2014. Compost: Its role, mechanism and impact on 

reducing soil-borne plant diseases. Waste Manage. 34:607-622.

MOE. 2019. Food waste generation and treatment. Ministry of Environment, Seoul, Korea.

Paśmionka, I.B., K. Bulski, P. Herbut, E. Boligłowa, F.M.C. Vieira, G. Bonassa, M. Bortoli, and M.C. de Prá. 2021. 

Toxic effect of ammonium nitrogen on the nitrification process and acclimatisation of nitrifying bacteria to high 

concentrations of NH4-N in wastewater. Energies 14:5329.

Ravindran, B., M.K. Awasthi, N. Karmegam, S.W. Chang, D.K. Chaudhary, A. Selvam, D.D. Nguyen, A.R. Milon, and 

G.M. Ramanujam. 2022. Co-composting of food waste and swine manure augmenting biochar and salts: Nutrient 

dynamics, gaseous emissions and microbial activity. Bioresour. Technol. 344(15):126300.

RDA. 2012. Quality control and utilization of livestock manure. National Institute of Agricultural Sciences, RDA, 

Wanju, Korea.

Shen, Y., L. Ren, G. Li, T. Chen, and R. Guo. 2011. Influence of aeration on CH4, N2O and NH3 emissions during 

aerobic composting of a chicken manure and high C/N waste mixture. Waste Manage. 31:33-38.

Wang, K., Y. Wu, W. Li, C. Wu, and Z. Chen. 2018a. Insight into effects of mature compost recycling on N2O emission 

and denitrification genes in sludge composting. Bioresour. Technol. 251:320-326.

Wang, Q., M.K. Awasthi, X. Ren, J. Zhao, R. Li, Z. Wang, M. Wang, H. Chen, and Z. Zhang. 2018b. Combining biochar, 

zeolite and wood vinegar for composting of pig manure: The effect on greenhouse gas emission and nitrogen conser-



454 ∙ Korean Journal of Soil Science and Fertilizer Vol. 55, No. 4, 2022

vation. Waste Manage. 74:221-230.

Wang, W., L. Zhang, and X.Y. Sun. 2021. Improvement of two-stage composting of green waste by addition of eggshell 

waste and rice husks. Bioresour. Technol. 320:124388.

Wang, X., A. Selvam, M.T. Chan, and J.W.C. Wong. 2013. Nitrogen conservation and acidity control during food 

wastes composting through struvite formation. Bioresour. Technol. 147:17-22.

Wong, J.W.C., S.O. Fung, and A. Selvam. 2009. Coal fly ash and lime addition enhances the rate and efficiency of 

decomposition of food waste during composting. Bioresour. Technol. 100:3324-3331.

Wu, S., H. He, X. Inthapanya, C. Yang, L. Lu, G. Zeng, and Z. Han. 2017. Role of biochar on composting of organic 

wastes and remediation of contaminated soils—a review. Environ. Sci. Pollut. Res. 24:16560-16577.

Yang, F., G. Li, H. Shi, and Y. Wang. 2015. Effects of phosphogypsum and superphosphate on compost maturity and 

gaseous emissions during kitchen waste composting. Waste Manage. 36:70-76.

Yang, F., Y. Li, Y. Han, W. Qian, G. Li, and W. Luo. 2019. Performance of mature compost to control gaseous emissions 

in kitchen waste composting. Sci. Total Environ. 657:262-269.

Yuan, J., Q. Yang, Z. Zhang, G. Li, W. Luo, and D. Zhang. 2015. Use of additive and pretreatment to control odors in 

municipal kitchen waste during aerobic composting. J. Environ. Sci. 37:83-90.

Zhang, D., W. Luo, Y. Li, G. Wang, and G. Li. 2018. Performance of co-composting sewage sludge and organic 

fraction of municipal solid waste at different proportions. Bioresour. Technol. 250:853-859.

Zhang, H., G. Li, J. Gu, G. Wang, Y. Li, and D. Zhang. 2016. Influence of aeration on volatile sulfur compounds (VSCs) 

and NH3 emissions during aerobic composting of kitchen waste. Waste Manage. 58:369-375.

Zhang, L. and X. Sun. 2015. Effects of earthworm casts and zeolite on the two-stage composting of green waste. Waste 

Manage. 39:119-129.


