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Evaluation of ammonia emission reducing effect by adding waste 
cooking oil in pilot-scale composting of dairy cattle manure

Kazutaka Kuroda1,*, Akihiro Tanaka1, Kenichi Furuhashi2, and Naoki Fukuju1

Objective: In our previous study, we observed that the addition of waste cooking oil (WCO) 
reduced ammonia (NH3) emissions during laboratory-scale composting of dairy cattle 
manure under low-aeration condition. Therefore, this study aimed to evaluate the effect of 
addition of WCO on NH3 emissions reduction during pilot-scale composting of dairy cattle 
manure, which is close to the conditions of practical composting treatment.
Methods: Composting tests were conducted using pilot-scale composting facilities (1.8 m3 
of capacity). The composting mixtures were prepared from manure, sawdust, and WCO. 
Two treatments were set: without WCO (Control) and with WCO added to 3 wt% of 
manure (WCO3). Composting was conducted under continuous aeration at 40 L/min, 
corresponding to 22.2 L/(min‧m3) of the mixture at the start of composting. The changes 
in temperatures, NH3 concentrations in the exhaust gases, and contents of the composted 
mixtures were analyzed. Based on these analysis results, the effect of WCO addition on 
NH3 emissions and nitrogen loss during composting was evaluated.
Results: During composting, the temperature increase of the composting mixture became 
higher, and the decreases of weight and water content of the mixture became larger in 
WCO3 than in Control. In the decrease of weight, and the residual weight and water 
content of the mixture, significant differences (p<0.05) were detected between the two 
treatments at the end of composting. The NH3 concentrations in the exhaust gases tended 
to be lower in WCO3 than in Control. Nitrogen loss was 21.5% lower in WCO3 than in 
Control.
Conclusion: Reduction of NH3 emissions by the addition of WCO under low aeration 
condition was observed in pilot-scale composting, as well as in laboratory-scale composting. 
This result suggests that this method is effective in reducing NH3 emissions in practical-
scale composting.

Keywords: Aeration Condition; Ammonia Emissions; Composting; Dairy Cattle Manure; 
Waste Cooking Oil

INTRODUCTION 

Composting is commonly used in Japan to recycle animal manure intended to be used as 
a plant fertilizer [1]. From composting of manure, however, large amounts of malodorous 
gases, including concentrated ammonia (NH3), are emitted during the treatment process. 
It causes complaints against the malodor and various global environmental problems, 
such as acid rain and soil acidification [2,3]. Therefore, various countermeasures against 
malodor emissions from composting of animal manure have been studied and developed, 
in terms of both, the deodorization of emitted malodorous gases and the reduction of 
emissions themselves [3-5].
  In recent years, several studies reported that NH3 emissions during composting of animal 
manure was remarkably reduced by adding cooking oil or waste cooking oil (WCO) to 
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the composting of animal manure [6-8]. In our previous 
study [9], we evaluated the effect of adding WCO on NH3 
emissions during laboratory-scale composting of dairy cattle 
manure. Under a low aeration condition corresponding to 
21.4 L/(min‧m3) of the initial composting mixture, a remark-
able decrease in NH3 emissions was observed in the WCO-
added treatments, to which WCO was added at lower than 3 
wt% of manure, compared with the control treatment without 
WCO. In contrast, under the higher aeration condition cor-
responding to 37 L/(min‧m3) of the initial mixture, NH3 
emissions increased in the WCO-added treatments com-
pared to the control treatment. These results demonstrate 
that the influence of WCO addition at a range below 3 wt% 
on NH3 emissions was affected by aeration condition during 
composting. This method should be considered for practical 
composting application.
  In this study, the reduction in NH3 emissions during com-
posting of dairy cattle manure by adding WCO was examined 
in pilot-scale composting tests closer to the conditions of 
practical composting treatment (1.8 m3 of volume and 900 
to 950 kg of weight at the start of composting), and the effec-
tiveness of this method was evaluated.

MATERIALS AND METHODS 

Materials for composting
The materials for the composting were obtained as described 
previously [9]. Dairy cattle manure was collected from a dairy 
farmer at Kikuchi, Kumamoto Prefecture, Japan. Sawdust 
and WCO were purchased from a composting center (Koshi 
Bio X) in Koshi and Hayashi Sangyo Co. Ltd., Kumamoto, 
Japan, respectively.

Composting test
The composting was conducted using pilot-scale composting 
facilities (Figure 1), the details of which are shown in Kuroda 
et al [10]. The main part of the facility was a tank with an inner 
capacity of 1.8 m3 (1 m in width and depth, 1.84 m in height), 
consisting of an outer shell (stainless-steel panel) and an inner 
filling for insulation (polystyrene board). The tank was filled 
with the composting material, and during composting, the 
material was continuously aerated using an air pump con-
nected to the bottom of the tank. Thermocouple sensor rods 
were inserted into the tank to monitor the temperatures of 
the composting material during composting.
  Table 1 lists the settings of the composting test. Composting 
mixtures were prepared from dairy cattle manure and sawdust 
by mixing a weight ratio of 5:1. Two treatments were set: 
WCO was added to the mixture at 0 wt% (Control) and 3 
wt% (WCO3) of the manure. The mixtures were placed in 
the tanks and continuous aeration was supplied at a flow 
rate of 40 L/min, corresponding to 22.2 L/(min‧m3) of the 

initial mixture in the tank at the start of composting. This 
aeration rate was close to the low aeration rate (21.4 L/(min‧m3) 
of the initial mixture) at which reduction of NH3 emissions 
was observed after WCO addition in the laboratory-scale 
composting tests in our previous study [9]. It was substan-
tially lower than those applied to practical-scale composting 
treatments of animal manure, 50 to 300 L/(min‧m3) of the 
composting material, and usually ≥100 L/(min‧m3) of the 
material [11].
  The composting period was set to 28 d. During compost-
ing, exhaust gases were collected from the exhaust pipes 
connected near the top of the tank, and NH3 concentrations 
in the gases were measured using a detection tube (No. 3L 
or 3M; Gastec Co., Ayase, Japan) at intervals of 12 or 24 h. 
On days 7, 14, and 21, the mixtures were removed from the 

Figure 1. Scheme of composting facility. The unit of measures in the 
figure is cm.
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Table 1. Composting test parameters

Treatments
Materials (kg) Initial  

mixtures (kg)1)
Manure Sawdust WCO

Control 820 164 - 914.0, 905.5, 923.5
WCO3 820 164 24.6 (3.0)2) 937.0, 928.0, 946.5

WCO, waste cooking oil.
1) The weights of the mixtures in the two treatments placed in the com-
posting facilities at the beginning of the composting tests are indicated 
in sequence of repeated tests. These were different in each test because 
the bulk densities of the mixtures varied to a certain extent in each test. 
Considering the added amount of WCO, the weights of WCO3 were set at 
22.5 or 23.0 kg larger than those of Control.
2) The value in parentheses is the weight percent of WCO to dairy cattle 
manure.
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tanks, mixed completely, and placed in the tanks again (turn-
ing). At every turning, the mixtures were weighed before and 
after turning, and 3 kg of each mixture was collected after 
turning. The collected samples were analyzed using various 
analytical methods described below. Using the same settings, 
the composting test was repeated three times.

Sample analyses
Analyses of the collected samples in the composting tests 
were conducted according to the study by Kuroda et al [10]. 
The water content, volatile solids (VS, roughly considered 
organic matter), and ash in the samples were analyzed by 
drying the samples at 105°C for two days followed by com-
bustion at 550°C for 6 h. The extract of the sample was 
prepared using a 2 N KCl solution as shown in a previous 
report [12], and was used for measuring the pH.
  Using the KCl extract solutions described above, ammonium 
nitrogen (NH4-N) and nitrite or nitrate nitrogen (NOx-N) 
in the samples were analyzed based on the method de-
scribed by Bremner and Keeney [13]. Kjeldahl-nitrogen 
(Kj-N) was analyzed as described in our previous study [9] 
based on the methods of Bremner [14]. Organic nitrogen 
(ON) and total nitrogen (TN) were determined by sub-
tracting NH4-N from Kj-N and summing Kj-N and NOx-N, 
respectively.
  The water content and VS analyses were duplicated; the 
pH, NH4-N, and NOx-N analyses were performed in triplicate; 
and the Kj-N analysis was quintuplicated for each sample. 
From the analyzed values and the weights of the mixtures, 
the total contents of water, VS, ash, TN, ON, NH4-N, and 
NOx-N in the mixtures and nitrogen losses were calculated.

Statistical analysis
The weight decreases, residual weights, and the contents of 
the composted mixture in Control and WCO3, measured or 
calculated as described above, were subjected to Student’s T 
test [15] at the start, 1st to 3rd turnings, and the end of com-
posting.

RESULTS

Changes in the temperatures of the composted 
mixtures and NH3 emissions
The numerical data for the composting test shown below are 
the mean values of the repeated tests (n = 3).
  Figure 2 shows the changes in the temperatures of the 
composted mixtures and NH3 concentrations in the exhaust 
gases from the composting facilities during the composting 
test. In both treatments, the temperatures rapidly increased 
to 80°C approximately one day after the start of the experi-
ment, followed by a gradual decrease. After every turning, 
they repeated the increase and decrease, and after the 2nd 

turning (day 14), the degree of temperature increase declined 
with earlier temperature drop. The temperature in WCO3 
was higher than that in Control during most of the com-
posting period (Figure 2A). The NH3 concentrations in the 
exhaust gases remarkably increased within the first seven 
days, and during this period, the concentration in WCO3 
was lower than that in Control. The concentrations peaked 
within 1.5 to 2.5 days from the start, and the peaks values 
were 880 ppm and 223 ppm in Control and WCO3, respec-
tively, both at 1.5 day after the start of composting. Since the 
2nd turning, the concentrations increased slightly, and since 
the 3rd turning (day 21), they remained below 100 ppm in 
both of the treatments to the end of composting (Figure 2B).

Changes in the pH, weights, and the components of the 
composted mixtures
Figure 3 shows the changes in pH, weights, and components 
of the mixtures during composting. The pH of the initial 
mixture was lower in WCO3 than in Control: 7.51 and 8.09, 
respectively. For WCO3, the pH gradually increased through-
out the composting period and reached 8.30 at the end of 
composting. In contrast, the pH of Control increased to 8.45 
by the 1st turning, and then decreased to 7.66 by the end 
(Figure 3A). In both the treatments, the weights of the mix-

Figure 2. Changes in temperatures of the mixtures and NH3 concen-
trations in the exhaust gases during composting tests: (A) tempera-
tures; (B) NH3 concentrations in the exhaust gases. The mean values 
at each measurement time point during repeated composting tests 
are plotted in the graphs. In the graph A, the temperatures at a height 
of 140 cm of the mixtures are plotted. The bars on the lines and 
symbols indicate standard deviations (n = 3). The arrows indicate 
turning.
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tures decreased during composting, with the decreases 
occurring mainly (more than 70% of the total decreases) by 
the 2nd turning. In WCO3, the weight decrease of the mix-
ture was larger and the weight of the mixture was smaller 
than that in Control, and since the 2nd turning, significant 
differences were detected between the two treatments. At 
the end of composting, the weights of the mixtures were 
603.0 kg for Control and 501.3 kg for WCO3. The weights of 

collected mixtures (Collected) were very small and same in 
both treatments (9 kg in total during the test) (Figure 3B).
  In the initial mixtures, the VS content was slightly higher 
in WCO3 (249.6 kg) than in Control (223.6 kg) by addition 
of WCO, and water and ash contents were generally the same 
in both treatments. The VS content gradually decreased 
during composting in both treatments, and the content in 
WCO3 was slightly larger than that in Control throughout 
composting, although a significant difference was only ob-
served between those values at the 1st turning. At the end of 
composting, the VS contents were 165.0 kg in Control and 
183.5 kg in WCO3. The water content in the initial mixtures 
were 671.9 kg in Control and 668.2 kg in WCO3, respectively. 
The water content decreased to 419.5 kg in Control, and 
299.4 kg in WCO3 by the end of composting. Since the 2nd 
turning, the water content in WCO was significantly lower 
than that in Control. The ash contents decreased slightly in 
both the treatments by the end, due to the sampling of the 
mixtures at every turning (Figure 3C).

Changes in nitrogen contents in the composted 
mixtures
Figure 4 shows the changes in the nitrogen contents in the 
composted mixtures and nitrogen losses during composting. 
The TN contents in the initial mixtures were 3.70 kg in Con-
trol and 3.77 kg in WCO3, with no significant difference. 
The TN contents of the mixtures gradually decreased in 
both the treatments during composting. At the respective 
turnings and the end of composting, the TN content in the 
composted mixture was higher and the nitrogen loss was 
lower in WCO3 than in Control, and significant differences 
were detected between the two treatments (Figure 4A). At 
the end of composting, the TN contents in the mixtures and 
the nitrogen losses during composting were 2.52 kg and 1.15 
kg in Control, and 2.81 kg and 0.92 kg in WCO3, respectively.
  Figure 4B shows the changes in the nitrogen components 
(ON, NH4-N, and NOx-N) of the mixtures. In addition to 
TN, these components of the initial mixtures were similar in 
both treatments. The main nitrogen components in the 
initial mixtures were ON and NH4-N, and their content ratios 
to TN were similar in both treatments: ≈76.8% for ON and 
≈23.2% for NH4-N. During composting, some differences 
were observed in the changes in the respective nitrogen 
components of the mixtures between the two treatments. 
The ON in Control gradually decreased throughout the 
composting period, whereas the ON in WCO3 increased by 
the 1st turning, and then gradually decreased by the end. 
From the 1st turning to the end, ON in WCO3 remained at 
a larger value than that in Control, and significant differences 
(p<0.001, 0.01, or 0.05) were detected between these values. 
NH4-N significantly decreased by the 1st turning in both the 
treatments, and afterwards, NH4-N in Control gradually 

Figure 3. Changes in pH, weights, and components of the mixtures 
during composting test: (A) pH; (B) weights; (C) contents of the com-
posted mixtures. The legends in graphs B and C are as follows: Total 
weight, the weight of the composted mixture; Collected, the weight 
of collected mixture; Weight loss, the weight decrease during com-
posting; VS, volatile solids. The mean values at each measurement 
time point during repeated composting tests are plotted in the 
graphs. Bars on the symbols and respective parts of the columns in-
dicate standard deviations (n = 3). On the bottommost horizontal 
axis, the characters C and W indicate two treatments, Control and 
WCO3, and 1st, 2nd, and 3rd indicate three turnings, as well as in 
Figure 4. Asterisks in the columns of WCO3 indicate significant dif-
ferences between the values of corresponding items of Control and 
WCO3: * p<0.05; ** p<0.01; *** p<0.001.
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decreased by the end. On the other hand, NH4-N in WCO3 
almost disappeared by the 2nd turning, and then slightly 
increased by the end. Although NH4-N in WCO3 was sig-
nificantly lower than that in Control at the 2nd turning (p< 
0.001) and the 3rd turning (p<0.05), it was higher than that 
in Control at the end. NOx-N in Control accumulated from 
the 2nd turning, and it became higher than NH4-N by the 
end. In WCO3, NOx-N accumulated slightly since the 3rd 
turning, but was significantly lower than in Control (p<0.05) 
at the end. The nitrogen in the collected mixtures (Collected) 
were very small in both treatments (smaller than 0.05 kg in 
total during the test), and significant difference was not de-

tected.

DISCUSSION

Reduction of NH3 emissions from composting of animal 
manure by adding carbon sources, which promote the 
growth of microorganisms and the simultaneous assimilation 
of nitrogen, have been studied [16]. The reduction in NH3 
emissions by the addition of WCO observed in previous 
studies [6,7,9] was presumed to be the effect of easily bio-
degradable lipids in WCO as the carbon source. In Japan, 
WCO discharged from business activities is classified as 
industrial waste, and the disposal or treatment of WCO is 
regulated by the Waste Management and Public Cleansing 
Law [17]. In accordance with this law, WCO collection systems 
work for reutilization in various regions [18,19]. Thus, 
WCO is considered a possible carbon source and an easily 
accessible material for reducing NH3 emissions from com-
posting.
  In the treatment WCO3 in this pilot-scale composting 
test, WCO addition (3 wt% of the manure) and low aeration 
rate (40 L/min, corresponding to 22.2 L/(min·m3) of the ini-
tial composting mixture) were applied. It followed the setting 
of the treatment with the same name ‘WCO3’ at the low aer-
ation condition in the laboratory-scale composting test [9], 
in which reduction of NH3 emissions was observed. The ad-
dition of WCO resulted in a lower pH and larger VS in the 
initial mixture in WCO3 than in Control (Figures 3A, 3C), 
as well as in the laboratory-scale test [9]. During composting 
in the pilot-scale test, longer durations of higher tempera-
tures were observed in the composted mixtures in both the 
treatments than in the laboratory-scale test. Additionally, a 
higher temperature of the mixture was observed in WCO3 
than in Control during most of the composting period (Figure 
2A). This could be caused by the larger heat generation from 
the active decomposition of added WCO, and it resulted in a 
larger decrease in total weight and water content in the mix-
ture in WCO3 than in Control (Figures 3B, 3C). These trends 
were also observed in the laboratory-scale test [9] and other 
previous reports [7,20,21].
  Concerning NH3 emissions, the NH3 concentrations in 
the exhaust gases were lower in WCO3 than in Control (Fig-
ures 2B), similar to the laboratory-scale test [9]. However, 
the changes in the respective nitrogen components in the 
mixtures during composting were different to some extent 
between the pilot-scale and laboratory-scale tests. In all the 
treatments with or without WCO in the laboratory-scale 
test, ON increased and NOx-N slightly accumulated, whereas 
NH4-N decreased but remained in a considerable amount 
(11.2% to 13.5% of TN in the initial mixtures) by the end 
of composting. In Control in the pilot-scale test, ON con-
stantly decreased throughout the composting period and 

Figure 4. Changes in the nitrogen contents of the mixtures and nitro-
gen losses during composting test: (A) total nitrogen in the mixtures, 
nitrogen in the collected samples, and nitrogen losses; (B) nitrogen 
components in the mixtures. The legends in graphs (A) and (B) are 
as follows: Nitrogen loss, nitrogen loss during composting; Collect-
ed, nitrogen in the collected mixture; TN, total nitrogen in the mixture; 
NOx-N, nitrite or nitrate nitrogen; NH4-N, ammonium nitrogen; ON, or-
ganic nitrogen. The mean values at each measurement time point 
during repeated composting tests are plotted in the graphs. Bars on 
the respective parts of the columns indicate standard deviations (n = 
3). Asterisks in the columns or on the right side of the columns of 
WCO3 indicate significant differences between the values of the cor-
responding items of Control and WCO3 at the respective periods: * 
p<0.05; ** p<0.01; *** p<0.001. The asterisks on the right side of the 
columns of WCO3 on days 14, 21, and 28 indicate significant differ-
ences between NH4-N contents (at days 14 and 21) and between 
NOx-N contents (at day 28) in the mixtures in Control and WCO3, re-
spectively.
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NH4-N almost disappeared by the end, whereas NOx-N in-
creased from 2nd turning to the end of composting. In WCO3, 
ON increased only one time by the 1st turning, and de-
creased by the end of composting. NH4-N almost disappeared 
by the 2nd turning and slightly increased thereafter, whereas 
NOx-N slightly accumulated by the end (Figure 4B). These 
changes probably resulted in the changes in pH of the mix-
tures: decrease after the 1st turning in Control and constant 
increase by the end in WCO3 (Figure 3A). Seki and Oyanagi 
[21] observed a delay in nitrate-nitrogen accumulation in a 
composted mixture to which WCO was added, compared 
to the mixture without WCO during the composting of 
cattle manure. The addition of WCO might have led to pref-
erential decomposition of WCO in the former stage of 
composting, resulting in a delay in the decomposition of 
the organic matter in the manure and prolonged NH4-N 
generation.
  The ratios of nitrogen losses during composting to the TN 
contents in the initial mixtures were 31.0% in Control and 
24.4% in WCO3 (Figure 4A), which were 2.5 to 2.6 times 
larger than those in the laboratory-scale test (12.3% in Con-
trol and 9.4% in WCO3). These larger nitrogen losses could 
be the result of larger NH3 emissions caused by longer dura-
tions of higher temperatures during composting, as mentioned 
above. Assuming that the loss in Control corresponded to 
100%, the loss in WCO3 was 78.5%, which was 21.5% lower 
than in Control.
  Except for the low aeration rate, the conditions of the 
composting tests in this study (1.8 m height of piled material 
and aeration from the bottom of the pile) were close to those 
in the practical composting facilities with the forced aeration 
system. The results of this study suggest that the combination 
of WCO addition and supplementation with low-aeration 
condition is also effective for reducing NH3 emissions in 
practical composting treatments. Moreover, evaluation of 
the effectiveness of this method in composting under low 
aeration conditions close to natural ventilation in the piled 
material and evaluation of prepared compost as a plant fer-
tilizer should be examined in the future.

CONFLICT OF INTEREST

We certify that there is no conflict of interest with any financial 
organization regarding the material discussed in the manu-
script.

FUNDING

This study was supported by the Ministry of Agriculture, 
Forestry and Fisheries Japan, via the Commissioned project 
studies of “Development of comprehensive malodor reduc-
tion and odor diffusion prevention technology” (18065025). 

ACKNOWLEDGMENTS

We are thankful to Mr. Jiro Shimazaki, Mr. Hidenori Nagano, 
Mr. Yukinari Kawahara, Mr. Shigenori Fukumori, Ms. Hitomi 
Hisamatsu, and Ms. Sayoko Hirayama for their helpful assis-
tance in this study.

REFERENCES

1. Haga K. Development of composting technology in animal 
waste treatment. Asian-Australas J Anim Sci 1999;12:604-6. 
https://doi.org/10.5713/ajas.1999.604

2. Peigne J, Girardin P. Environmental impacts of farm-scale 
composting practices. Water Air Soil Pollut 2004;153:45-68. 
https://doi.org/10.1023/B:WATE.0000019932.04020.B6

3. Monteny GJ, Hartung E. Ammonia emissions in agriculture. 
Wageningen, The Netherlands: Wageningen Academic 
Publishers; 2007.

4. Dohshu N. Composting of livestock excreta and odor control 
(in Japanese). J Odor Res Eng 1998;29:164-73.

5. Haga K. Future direction of treatment of livestock manure 
(in Japanese). Anim Sci J 2010;81:207-11. https://doi.org/ 
10.2508/chikusan.81.207

6. Ichikawa A, Nakatani H, Kato H, Kano M, Masuda T, Sugi
yama H. Effects of the waste cooking oil on composting of 
swine manure I: Effects of the additional amounts of the 
waste cooking oil (in Japanese). Res Bull Aichi Agric Res 
Ctr 1998;30:313-6.

7. Takahashi M. Influence of addition of wastes cooking oil on 
the organic matter decomposition in dairy cattle manure 
compost (in Japanese). Anim Sci J 2006;77:433-42. https:// 
doi.org/10.2508/chikusan.77.433

8. Furuya M, Osada T, Ogino A, Shimizu K, Fukuzawa A. 
Patterns and quantities of odor and greenhouse gas emissions 
from swine manure composting with addition of cooking 
oil or urea (in Japanese). J Anim Product Environ Sci 2017; 
16:50-60. 

9. Kuroda K, Tanaka A, Furuhashi K, Fukuju N. Effect of waste 
cooking oil addition on ammonia emissions during the 
composting of dairy cattle manure. Anim Biosci 2022;35: 
1100-8. https://doi.org/10.5713/ab.21.0343

10. Kuroda K, Tanaka A, Furuhashi K, Nakasaki K. Application 
of Bacillus sp. TAT105 to reduce ammonia emissions during 
pilot-scale composting of swine manure. Biosci Biotechnol 
Biochem 2017;81:2400-6. https://doi.org/10.1080/09168451. 
2017.1389607

11. Haga K. Composting treatment (in Japanese). In: Oshida T, 
Kakiichi N, Haga K, editors. New version of environment 
preservation for animal production. Tokyo, Japan: Yokendo 
Ltd. Publishers; 2012. pp. 71-6.

12. Kuroda K, Osada T, Yonaga M, et al. Emissions of malodorous 
compounds and greenhouse gases from composting swine 

https://doi.org/10.5713/ajas.1999.604
https://doi.org/10.1023/B:WATE.0000019932.04020.B6
https://doi.org/10.2508/chikusan.81.207
https://doi.org/10.2508/chikusan.81.207
https://doi.org/10.2508/chikusan.77.433
https://doi.org/10.2508/chikusan.77.433
https://doi.org/10.5713/ab.21.0343
https://doi.org/10.1080/09168451.2017.1389607
https://doi.org/10.1080/09168451.2017.1389607


1618  www.animbiosci.org

Kuroda et al (2023) Anim Biosci 36:1612-1618

feces. Bioresour Technol 1996;56:265-71. https://doi.org/10. 
1016/0960-8524(96)00047-8

13. Bremner JM, Keeney DR. Steam distillation methods for 
determination of ammonium, nitrate, and nitrite. Anal Chim 
Acta 1965;32:485-95. https://doi.org/10.1016/S0003-2670(00) 
88973-4

14. Bremner JM. Nitrogen-total. In: Sparks DL, Helmke PA, 
Loeppert RH, et al, editors. Methods of soil analysis. Part 3 
Chemical methods. Madison, WI, USA: American Society 
of Agronomy; 1996. pp. 1085-121.

15. Asakura K, Hamasaki T. Two-sample tests for comparing 
means (in Japanese). Drug Deliv Syst 2015;30:149-58. https:// 
doi.org/10.2745/dds.30.149

16. Bernal MP, Alburquerque JA, Moral R. Composting of 
animal manures and chemical criteria for compost maturity 
assessment. A review. Bioresour Technol 2009;100:5444-
53. https://doi.org/10.1016/j.biortech.2008.11.027

17. Ministry of the Environment, the Japanese Government. 
Waste Management and Public Cleansing Law. Available 
from: https://www.env.go.jp/content/90045 2885.pdf

18. National Federation of Oil and Fat Business Cooperatives, 
Japan, editor. UC oil recycling guide (in Japanese) [Internet]. 
Tokyo, Japan: National Federation of Oil and Fat Business 
Cooperatives, Japan; 2007. Available from: https://www.
zenyuren.or.jp/wp/wp-content/uploads/2017/12/ucoil_ 
tebiki.pdf

19. National Federation of Oil and Fat Business Cooperatives, 
Japan, editor. Flow of UC oil recycling (2017 version) (in 
Japanese) [Internet]. Tokyo, Japan: National Federation of 
Oil and Fat Business Cooperatives, Japan; 2018. Available 
from: https://www.zenyuren.or.jp/wp/wp-content/uploads/ 
2018/11/180510_ucoli_recycle_flow2017.pdf 

20. Miyazaki T, Honda K, Yajima J. Continuous composting of 
cattle dung by composting machine IV. Effect of addition of 
abolition oil to cattle dung (in Japanese). Bull Kanagawa Pref 
Livest Exp Sta 1995;85:50-4.

21. Seki M, Oyanagi W. Effect of addition of waste cooking oil 
for composting of dairy cattle dung (in Japanese). Bull 
Niigata Anim Husb Exp Sta 1998;12:26-8. 

https://doi.org/10.1016/0960-8524(96)00047-8
https://doi.org/10.1016/0960-8524(96)00047-8
https://doi.org/10.1016/S0003-2670(00)88973-4
https://doi.org/10.1016/S0003-2670(00)88973-4
https://doi.org/10.2745/dds.30.149
https://doi.org/10.2745/dds.30.149
https://doi.org/10.1016/j.biortech.2008.11.027
https://www.env.go.jp/content/900452885.pdf 
https://www.zenyuren.or.jp/wp/wp-content/uploads/2017/12/ucoil_tebiki.pdf
https://www.zenyuren.or.jp/wp/wp-content/uploads/2017/12/ucoil_tebiki.pdf
https://www.zenyuren.or.jp/wp/wp-content/uploads/2017/12/ucoil_tebiki.pdf
https://www.zenyuren.or.jp/wp/wp-content/uploads/2018/11/180510_ucoli_recycle_flow2017.pdf
https://www.zenyuren.or.jp/wp/wp-content/uploads/2018/11/180510_ucoli_recycle_flow2017.pdf

