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Abstract. The increasing need for organic fertilizers in Indonesia along with the fulfilment of
agricultural needs. On the other hand, the raw material of organic fertilizer is abundant and not
yet utilized, one of which is Slaughterhouse Solid Waste (SSW). The objective of this study were
to produce the quality of organic fertilizer that meets regulation of the Minister of Agriculture
Decree No. 70 Year 2011 about Organic Fertilizer, Biological Fertilizer, and Land Improvement.
The composting process was done using 20 kg of Madura’s cow rumen content and rice straw
was placed in each reactor during 50 days. Raw materials were consisted of three variations in
composting, i.e., 1) 60% rumen content waste and 40% rice straw, 2) 50% rumen content waste
and 50% rice straw, 3) 40% rumen content waste and 60% rice straw. Eight standing reactors of
120 L capacity were used in this research. Each reactor was equipped with a leachate outlet at
the bottom, slits for aeration, and sampling. The measured parameters were C/N ratio, macro
nutrient (phosphor and kalium), temperature, dan pH value. The results showed that the optimum
composition of rumen content waste with addition of rice straw was 40%:60%. In this reactor,
C/N ratio was decreased from 15.91 to 13.25, macro nutrients in P concentration increased from
4.27t0 6.12, K concentration gradually increased from 5.46 to 7.55, temperature range was 29.80
0C-33.70 oC, and pH values slightly fluctuated from 6.71 to 6.93.

1. Introduction

As an agricultural country, Indonesia needs large amounts of organic fertilizer and energy resources for
agriculture activities. Slaughterhouse solid waste (SSW) is a valuable resource for organic fertilizer [1].
Rumen content are the most dominant SSW generated from slaughterhouse’s (SH) activity that not used
and generally disposed to landfill. SSW has high organic matter and nutrient (N and P) contents [2].
Fresh SSW is unsuitable to be applied to the soil because of the unstable organic matter. In addition, it
also contains pathogens and weed seeds [2].

Composting is one of the most suitable technologies for treating SSW [1]. Composting technology
can treat SSW for suitable land application, reduce the mass, destroy the pathogens, and weed seeds and
produce valuable end products [3]. Either aerobic or anaerobic composting can be done for treating the
SSW. Ratnawati and Trihadiningrum reported that aerobic method is the most appropriate composting
for SSW [4]. Product reach stability fastest with the final temperature value of 27.00 oC; pH of 8.05;
moisture content of 56.70%; organic C content of 40.86%; total N content of 2.98%; and C/N ratio of
13.71. The products could be categorized as organic fertilizer because it contained high levels of N and
P. Organic matter decomposition in aerobic composting will be briefer. In addition, the time period for
producing mature end product is fastest and lack of odor. Pathogens indicators (S. Faecalis and total
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coliforms) in SSW are easily destroyed under aerobic composting with the removal efficiency until
99.95% [5]. The elements N, P, and K in organic fertilizer are the elements absolutely necessary by
plants. Element P can simulate flowering, increase the number, and fruit volume, increase resistance to
disturbances in both pests and plant disease. Element N is very important in protein formation, stimulates
vegetative growth and increases fruit. Whereas elemen K plays a role in synthetic of carbohydrates and
proteins while strengthening plants so that flowers and fruit are not fall off.

Rumen content waste is rich in organic matter and nutrient (N and P) content [6]. Trihadiningrum et
al. stated that the C/N ratio of rumen content waste of 16.60 [5]. The initial condition of C/N ratio which
is ideal for composting is 20-30 [7]. Bernal et al. stated that the ideal C/N ratio is 25-35 [8]. Ratnawati
and Trihadiningrum reported that the SSW compost was produce after 50 days using anaerobic-anoxic-
oxic and five stage sequencing batch reactor (anaerobic-anoxic-oxic-anoxic-oxic) composting process;
however, an additional maturation stage was required [9].

Feedstock with the initial low C/N ratio, the aerobic composting process will require additional
longer processing period and increase the amount of SSW treated, but can also increase the loss of
nitrogen as amonia gas [2]. The dominant form of compound was organic N and NO3-N [10].

Bulking agent is always required to modify the properties of SSW during composting because of the
high moisture content and low C/N ratio [2]. Several previous works using bulking agent for composting
were grass [10], sawdust [11,12], rice straw [13,14], wheat straw [15], corncob [16], corn stalk [2,3];
straw and dry grasses [17]. The rice straw is rich in carbon and has a low density and low moisture
content, making it suitable for use as bulking agent during composting. Tchobanoglous et al. stated that
C/N ratio for rice straw of 48 [18]. On the other hand, waste of abundant rice straw residue and
unprocessed. The objective of this study was to investigate the composting of rumen content waste with
the addition of rice straw as bulking agent addition.

2. Materials and methods

2.1. Feedstocks

Fresh cattle rumen content and rice straw were taken from Gempol’s SH, which was located in District
of Pasuruan, Indonesia. The samples were air-dried for 3 days until moisture content of 50-60%.
Himanen and Hanninen stated that the optimum moisture content for composting process range from
50-70%. Rice straw was shredded into 1 to 5 cm size [19]. The characterization of feedstock were
measured before mixing are shown in table 1.

Table 1. Characterization of the rumen contents and rice straw.

Materials Moisture C/N Organic C TN
content (%)* ratio  (gkg!)P® (gkg!)P
Rumen contents 54 8 393 51
Rice straw 58 21 520 24
2 Wet weight basis.

® Dry weight basis.

2.2. Experimental design

The composting reactor were 120 L standing drum figure 1. There were four holes of the reactor: the
left side was for aeration, the right side for sampling port, gases adsorbent unit at the top of the reactor,
and leachate drainage in the bottom side. Aerobic condition was maintaned with 0.80 aeration L kg!
dry matter min’'.

Eight experimental condition were tested in duplicated within 50 days using laboratory-scale
reactors. About 20 kg of Madura’s rumen content and rice straw mixed manually were placed in these
reactors. The composition of mixed rumen content and rice straw were 60:40 (R1); 50:50 (R2); 40:60
(R3). Reactor control using 100% rumen content waste (RK1). The sample from each reactor was
collected on days 10, 20, 30, 40, and 50.
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2.3. Sample collection and analytical methods

Solid samples (about 100 g) were taken at the beginning, end of composting process, and every ten days.
The sample was analyzed for total nitrogen (TN), organic carbon, macro nutrients i.e. P,Os as phosphor
(P) and K,O as potassium (K), temperature, and pH value. The TN, organic C, macro nutrients were
analyzed in accordance with the standard methods [20]. Organic C content was determined by gravimetri
methods, in an oven at 550 °C for 1 h. Organic C was calculated as volatile solids, followed by
multiplication with convertion factor of Horwitz [21]. TN was analyzed using Kjedahl nitrogen
digestion and the distilling apparatus was a Gerhardt KBL 8 S (Bonn, Germany). Solid C/N ratio was
then computed based on the concentration of organic C and TN. P content was calculated with
spektrofotometri method using Spectrofotometer Cecil CX 100. K content was calculated with
titrimetric method. Temperatures were recorded using glass thermometer. The pH of each compost was
determined by soil tester using a DM-15.

Gas outlet .~ T / 3 -
Boric acid/\

Aeration pum
Sampling point of : J

Figure 1. Design of composting reactor [22].
3. Results and discussion

3.1. C/N ratio

The initial C/N ratio during the composting process for R1, R2, R3, and RK1 were 10.70; 13.85; 15.91;
and 4.83, respectively (figure 2). The reactor with the largest addition of rice straw 60% (R3) has the
highest C/N ratio compared the others, which is 15.91. Rini et al. reported that initial C/N rasio with the
variations in composition of the raw materials, i.e. [10]: 40% rumen content, 40% grass feed residue,
20% rice straw were 11.15-11.96.

The C/N in all reactors gradually increased until at the end of composting. Changes in C/N ratio
indicate the decomposition process of organic matter during composting. C/N ratio is one way to
determine the maturity of compost, where the final C/N ratio is 20 has indicated the maturity of compost.
Carbon content is useful as a food ingredient in the decomposition process of organic materials by
microorganisms [22].
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Figure 2. C/N ratio during composting process.

While nitrogen is a source of nutrients to form new microorganism cells. During composting, carbon
content (carbohydrates, fats, and amino acids) will degrade rapidly in the active phase composting, then
cellulose, hemicellulose, and lignin separate will degrade in the cooling phase where the temperature
decrease in mesophilic and carbon content will continue to decline until the maturity process [23].

The transformation and transfer nitrogen during composting process which causes nitrogen
concentration decreased. De Guardia et al. reported that the processes were biological transformation,
transfer to leachate, transfer to atmosphere and conversion to NH3, N>O, N [24]. The transformation of
nitrogen concentration occurs through various processes, namely: ammonification, nitrification,
denitrification, and immobilization. Ammonification process which is organic nitrogen concentration
converted to NH3 or NH4"-N. During nitrification process, NH3 or NH4*-N is converted to NO, by
Nitrosomonas. Then NOs is converted to NOs~ by Nitrobacter. Nitrosomonas and Nitrobacter need
energy for cell growth and maintenance, with reaction:

NH,* +2 0, > NOs + 2 H* + H,0 (1)

Elimination of nitrogen occurs through denitrification process. Nitrification process not removed
nitrogen concentration from solid waste, yet. Nitrogen gas in denitrification process is released from
solid waste in the form of N, gas, as described by Salimin dan Rachmadetin [25]:

NO; > NOy > NO>N,0> N,  (2)

The final C/N ratio for R1, R2, R3, and RK1 were 8.38; 11.19; 13.25; and 4.51. The final C/N ratio of
compost products from all reactors met the Indonesian quality standards SNI 19-7030-2004 for compost
quality (C/N ratio= 10-20), but didn’t met with regulated in the Minister of Agriculture Decree No. 70
for organic fertilizer (C/N ratio= 15-25) [26,27].

3.2. Macro nutrients P concentration

Initial P concentration in R1, R2, R3, and RK1 were 2.71%; 3.46%; 4.27%:; and 1.14%. P concentration
tended to gradually increase until the end of composting period (figure 3). P concentration in R3 (reactor
with composition rumen content:rice straw of 40:60) has the highest P concentration. The P
concentration is a compound that is needed by plants. The use of P in plants for root growth, helping
assimilation, breathing, and accelerates flowers, seeds, and fruits. Sufficient availability of P for plants
associated with the growth of these plants.
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Figure 3. Macro nutrient (P) value during composting process.

P concentration includes macro nutrients very important for plant growth. Plants absorb P concentration
from the soil in spahe P ions, especially H,PO4™ and H,PO4* which contained in a soil solution. Beside
ions the plant can abrorb deep P concentration form of nucleic acid, phytine and phosphohumat. The P
contained in organic fertilizer play a role for plants in the process of respiration and photosynthesis,
nucleic acid preparation, establishment of plant seeds and fruit producers. In addition, P concentration
is also able to stimulate root development so the plant is resistant against drought and accelerate the
period harvest [28].

The polyphosphate accumulating organism (PAOs) need source C content to produce PO4*-P and
store it in polyhydroxyalkanoates (PAH) form, using that energy produced during the process of
hydrolysis of intracellular polyphosphate. Some PAOs are referred to as denitriying PAOs (DNPAOs)
oxidize intracellular PAH with NO3-N or NO»-N as electron acceptor and produce energy for P
concentration uptake levels. This matter explained that the C content source produced was used by PAOs
for the denitrification process. PAOs gro and produce orthoposphate by using stored PHA as a source
of C and energy [29]. PAOs play a role in making up to meet needs metabolism and store P concentration
in the body as a polyphosphate polymer.

The P concentration final in R1, R2, R3, and RK1 were 4.64%; 5.78%; 7.55%; and 2.30%,
respectively. The P concentration final in all reactors met the Indonesian quality standard SNI 19-7030-
2004 for compost quality (P concentration minimal 0.10%), but only both reactor R2 and R3 met with
regulated in the Minister of Agriculture Decree No. 70 for organic fertilizer (P concentration= minimal
4%) [26,27].

3.3. Macro nutrients K concentration

Initial K concentration in R1, R2, R3, and RK1 were 2.94%; 4.08%; 5.46%; and 2.07%, respectively
(figure 4). K concentration gradually increased in the beginning of composting until the end in all
reactors. The function of K is for growth and development plants, i.e. open and close the affected stomata
by C,O content and photosynthesis process, the process of transporting nutrients from root to leaf,
accumulation, and sucrose translocation, play a role in filling of seeds, tubers, and root growth, as well
cellulose synthesis, strengthening cell walls, stem, and the system enzymatic, plant resistence, protein
synthesis, and pH regulation. If K elements are not enough for plants, then can result in low growth and
production plants [30].

The K concentration increased because microorganisms need time to adjust to the environment
during the composting process. The metabolic process requires food derived from C and organic matter
to carry out activities and increase cell sice. The more microorganisms in the degradation process cause
the C chain to be broken down into simpler C chains, the breakdown of the C chain causes increased P
and K concentrations [31].
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Figure 4. Macro nutrient (K) value during composting process.

According to Indriani, this occurs because the weathering results in the release of K™ ions from the cation
exchange site and decomposition of dissolved organic matter in the rumen contents [32]. The K
concentration is used by microorganisms in substrat material as a catalyst, with the presence of bacteria
and their activity will greatly affect the increase in K concentration [33]. According to Makiyah, many
K is found in young cells or parts of plants that contain lots of protein, the nucleus of the cell does not
contain potassium [34]. The K concentration can be bound and stored in cells by bacteria and fungi.
Potassium is needed to accelerate the process of assimilation of carbohydrates and the growth of roots
and stems, nutrient deficiency in potassium can cause patches of leaves or wrinkles on the leaves and
eventually the leaves will dry out.

The K concentration final in R1, R2, R3, and RK1 were 4.64%; 5.78%; 7.55%; and 2.30%,
respectively. The K concentration final in all reactors met the Indonesian quality standard SNI 19-7030-
2004 for compost quality (K concentration minimal 0.20%) and met with regulated in the Minister of
Agriculture Decree No. 70 for organic fertilizer (P concentration= minimal 4%) in R1, R2, and R3
[26,27].

3.4. Temperature value

Temperature values during composting are shown in table 2. Initial temperature of all reactors has a
value range from 28.70-29.50 °C. During composting, temperature gradually increased until the end of
composting. Temperature value in all reactors during composting is in the mesophilic temperature with
a range of 29.00 °C-33.70 °C. Change in temperature is an indicator of the running of composting
process.

Table 2. Temperature value.

. Temperature value (°C)

Time

@ o o @y

(60:40) (50:50) (40:60)  (100)

10 29.00 29.50 29.80 28.70
20 29.80 30.00 30.60  29.00
30 30.20 31.30 31.80  30.00
40 30.80 32.00 32,70  30.50
50 31.80 32.40 33.70 31.50

At the beginning of composting process, microorganisms adapted to the environment. Microorganisms
will thrive because of food avability and degrade the substrate fastly causing it to occur a slow increased
in temperature from mesophilic range (20 °C-45 °C) to termophilic (45 °C-65 °C). Ratnawati et al.
reported that temperature value during aerobic composting process of rumen content were in the
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mesophilic temperature with a range from 27 °C-43 °C [4]. Abouelwafa et al. stated that composting
process occurs at a temperature of 30 °C-35 °C and is included in the optimum temperature of
composting [35]. Temperature increased during composting indicated the occurence increased
microorganisms activity that degrade organic materials and produce heat [8]. Microorganisms will fastly
degrade organic materials from group of carbohydrate, fats, and amino acids [23]. This process occured
until compost product in maturity stage where the compost temperature has stabilized which indicate
the organic matter degradation process by microorganisms has been completed [36].

The final temperature in all recators still didn’t indicate a stable temperatur because still increasing.
The final temperature in R1, R2, R3, and RK1 were 31.80 °C; 32.40 °C; 33.70 °C; and 31.50 °C,
respectively. Temperature value decreased in the end of composting process and approaches the maturity
stage, which indicated the activity of microorganisms slowing down [23]. The organic matter has been
degraded, compost product is in the stage maturity and temperature will slowly drop [2].

3.5. pHvalue

The pH variation during the composting are shown in table 3. Initial pH value has a range from 6.93 to
7.63. The pH of the control reactor (RK1) has a higher value than the reactors with variations in
composition of the raw material for adding rice straw (R1, R2, R3). Ratnawati et al. (2016a) reported
that the pH value in composting of rumen content was 8.34-8.60. The initial pH value is quite high
occurs in raw materials from animal waste [36].

Table 3. pH value.

. pH value
(lezr;;g R1 R2 R3  RKI
(60:40) (50:50) (40:60)  (100)
10 700 695 693 763
20 690 676 684 741
30 693 68 675 759
40 684 679 671 742
50 674 670 682 735

Tchobanoglous et al. stated that the hydrolysis process that occurs at the beginning of composting
changes the organic materials (fats, proteins, polysaccharides, and nucleic acids) become bonds the
simpler ones (fatty acids, monosaccharides, amino acids, purines) [18]. When the decomposition process
occurs, microorganisms convert carbohydrates in compost to produce H>O and CO,. Then this molecule
will react to form H,COj;, which then ionized into HCOs™ and CO;?*. In nitrification process where
microorganisms are Nitrosomonas dan Nitrobacter convert NHs* become NO, and NOs™ will release H*
ion which can increase pH value of compost [25].

The final pH value for R1, R2, R3, and RK1 were 6.74; 6.70; 6.82; and 7.35. The final pH value
from all reactors met the Indonesia quality standard SNI 19-7030-2004 for compost quality (pH value=
6.80-7.49) and regulated in the Minister of Agriculture Decree No. 70 for organic feritlizer (pH value=
4-9) [26,27].

4. Conclusion

This research showed that the optimum composition of rumen content waste with addition of rice straw
was 40%:60%. In this reactor, C/N ratio was decreased from 15.91 to 13.25, macro nutrients in P
concentration increased from 4.27% to 6.12%, K concentration gradually increased from 5.46% to
7.55%, temperature range was 29.80 °C-33.70 °C, and pH values slighty fluctuated from 6.71 to 6.93.
All parameters (except C/N ratio) met the Indonesia quality standard SNI 19-7030-2004 for compost
quality and regulated in the Minister of Agriculture Decree No. 70 for organic fertilizer [26,27].



International Conference on Innovation In Research IOP Publishing
IOP Conlf. Series: Journal of Physics: Conf. Series 1469 (2020) 012008  doi:10.1088/1742-6596/1469/1/012008

Acknowledgment

This research was supported by Institute for Research and Community Services Universitas PGRI Adi
Buana Surabaya, for the Research Grant Award Unggulan Adi Buana 2018, Contract No.
072.1.2/LPPM/IV/2018. Thank you to Ms. Nidya Permatasari for helping this research.

References

[1] Ratnawati R, and Trihadiningrum Y 2014a Slaughterhouse Solid Waste Management in Indonesia
J. of Bio. Researches 19 69-73

[2] GuoR, LiG,Jiang T, Schuchardt F, Chen T, Zhao Y, and Shen Y 2010 Effect of Aeration Rate,
C/N Ratio and Moisture Content on The Stability and Maturity of Compost Bioresource
Technology 112 171-178

[3] Jiang T, Schuchardt F, Li G, Guo R and Zhao Y 2011 Effect of C/N Ratio, Aeration Rate and
Moisture Content on Ammonia and Greenhouse Gas Emission During the Composting
Journal of Environmental Sciences 23(10) 1754-1760

[4] Ratnawati R, Wulandari R A, and Matin N 2016b Slaughterhouse Solid Waste Treatment using
Aerobic and Aerobic Composting Proceeding National Seminar Tahunan Lingkungan Hidup
Universitas Brawijaya Malang 277-287

[5] Trihadiningrum Y, Ratnawati R, Rini I D W S, Arudam A G and Warmadewanthi S R Juliastuti
2015 Composting Process of Slaughterhouse Solid Waste using Aerobic Methods Proceeding
The 5™ Environmental Technology and Management Conference (ETMC) p /AE/004-1

[6] RoyB C,Khan MR [, Rahman M M, Salleh M A M, Ahsan A, and Amin A R 2013 Development
of a convenient method of rumen content composting J. of Animal and Veterinary Advances
12 1439-1444

[7] Sweeten J M and Auvermann B W 2008 Composting Manure and Sludge, Agrilife Extension E-
479 06-08

[8] Bernal M P, Alburquerque J A and Moral R 2010 Composting of Animal Manures and Chemical
Criteria for Compost Maturity Assessmen, A Review Bioresource Technology 100 5444-5453

[9] Ratnawati R, and Trihadiningrum Y 2014b Slaughterhouse Solid Waste Treatment using A?0 and
Five-Stage Sequencing Batch Methods Proceeding National Seminar Waste Management II
64

[10] Rini I D W S, Ratnawati R, and Trihadiningrum Y 2015 Changing Patterns of N-inorganic
Content in the Composting Process of Slaughterhouse Solid Waste with Aerobic System
Proceeding National Seminar Manajemen Teknologi XXII, A-49-1 s/d A-49-8

[11] Ogunwande G A, Osunade K O, Adekalu K O, and Ogunjimi L A O 2008 Nitrogen loss in chicken
litter compost as affected by carbon to nitrogen ratio and turning frequency Bioresour.
Technol. 99 7495-7503

[12] Gao M, Li B, Yu A, Liang F, Yang L, and Sun Y 2010 The effect of aeration rate on forced-
aeration composting of chicken manure and sawdust Bioresour. Technol. 101 1899-1903

[13] ZhuN 2007 Effect of low initial C/N ratio on aerobic composting of swine manure with rice straw
Bioresour. Technol. 98 9—13

[14] Li X I, Zhang R H, and Pang Y Z 2008 Characteristics of dairy manure composting with rice
straw Bioresour. Technol. 99 359-367

[15] Petrica I, Sestan A, and Sestan 1 2009 Influence of initial moisture content on the composting of
poultry manure with wheat straw Biosyst. Eng. 10 125-134

[16] Zhu N 2006 Composting of high moisture content swine manure with corncob in a pilot-scale
aerated static bin system Bioresour. Technol. 97 1870-1875

[17] ShenY, RenL, Li G, Chen T, and Guo R, Influence of aeration on CH4, N>O and NH; emissions
during aerobic composting of a chicken manure and high C/N waste mixture Waste Manage.
3133-38

[18] Tchobanoglous G, Franklin L M, and Burton H D Stensel 1993 Wastewater Engineering
Treatment and Reuse Fourth Edition. McGraw-Hill Book Co., Singapore



International Conference on Innovation In Research IOP Publishing

IOP Conlf. Series: Journal of Physics: Conf. Series 1469 (2020) 012008  doi:10.1088/1742-6596/1469/1/012008

[19]

[20]

[24]

[25]

[30]

[31]

[32]

[33]

[34]

[35]

Himanen M, and Hanninen K 2011 Composting of Bio-Waste, Aerobic and Anaerobic Sludges-
Effect of Feedstock on The Process and Quality of Compost Bioresource Technology 102
2842-2852

APHA, AWWA, WEF, Standard Methods for the Examination of Water and Wastewater, 20™
Edition (Maryland: United Book Press, Inc)

Horwitz W 2000 (Ed.) Official Methods of Analysis of AOAC International. 17" edition, Volume
1, Agricultural Chemicals, Contaminants, Drugs. AOAC International, Maryland USA

Ratnawati R, Trihadiningrum Y, and Juliastuti S R 2016a Composting of Rumen Content Waste
Using Anaerobic-Anoxic-Oxic (A%20) Methods J. of Solid Waste Tech. and Management 42(2)
98-106

Nolan T, Troy S M, Healy M G, Kwapinski W, Leahy J J, and Lawlor P G 2011 Characterization
of Compost Produced from Separated Pig Manure and Variety of Bulking Agents at Low
Initial C/N Ratios Bioresource Technology 102 7131-7138

Guardia A D, Mallard P, Teglia C, Marin A, Le Pape C, Launay M, Benoist J C, and Petiot C
2010 Comparison of five organic wastes regarding their behaviour during composting: Part 2,
nitrogen dynamic Waste Management 30 415-425

Salimin Z, and Rachmadetin J 2011 Denitrification Liquid Radioactive Waste Containing Nitric
Acid With Biooxidation Process. The 9" Waste Management Technology National
Conference, Cilegon: Pusat Teknologi Limbah Radioaktif-BATAN, Departement of
Engineering, Universitas Sultan Ageng Tirtayasa

Standar Nasional Indonesia [Indonesia National Standards] 2004 SNI No. 19-7030-2004 SNI,
Indonesia

Ministry of Agriculture 2009 Ministry of Agriculture Decree No. 70 Year 2011 State Government
of the Republic Indonesia, Indonesia

Baroroh, Setyono P and Setyaningsih R 2015 Analisis kandungan unsur hara makro dalam
kompos dari serasah daun bambu dan limbah padat pabrik gula Bioteknologi 12(2) 46-51

Mal,PengY Z, Wang S Y, Wang L, Liu Y, and Ma N P 2009 Denitrifying Phosphorus Removal
in a Step-feed CAST With Alternating Anoxic-Oxic Operational Strategy, J. of Environmental
Sciences 21 1169-1174

Izhar L, Susila A D, Purwoko B S, Sutandi A, and Mangku A W, Determination of the Best
Method of Soil K Test for Tomato On Inceptisols Soil Type J. Hort. 23(3) 218-224

Kurniawan D 2013 Pengaruh Volume Penambahan Effective Microorganisme 4 (EM4) 1% dan
Lama Fermentasi Terhadap Kualitas Pupuk Bokashi Dari Kotoran Kelinci dan Limbah
Nangka. Jurnal Industria Universitas Brawijaya Malang 2(1)

Indriani F 2013 Study of the Effect of Addition of Fish Waste to Liquid Organic Fertilizer from
Urine Cattle on Macro Nutrient Content (CNPK) (Universitas Diponegoro. Semarang: Thesis)

Hidayati Y A 2011 The Quality of Liquid Fertilizer Results of Processing of Feces of Beef Cattle
Using Saccharomyces cereviceae. Universitas Pandjadjaran: Bandung Jurnal limu Ternak
11(2) 104-107

Makiyah M 2013 Analysis of N, P, and K Levels in Tofu Liquid Fertilizers with the Addition of
Mexican Sun Plants (Thitoniadiservolia) (Universitas Negeri Semarang: Thesis)

Abouelwafe R, Addi G A, Souabi S, Winterton P, Cegarra J, and Hafidi M 2008 Aerobic
Biodegradation of Sludge from The Effluent of A Vegetable Oil Processing Plant Mixed with
Household Waste: PhysicalChemical, Microbiological, and Spectrostopic Analysis,
Bioresource Technology 99 8571-8577

Cooperband 2002 The Art and Science of Composting, A Resource for Farmers and Compost
Producers, Center for Integrated Agriculture Systems, University of Winconsin-Madison



