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Abstract—Goat urine wastewater that is disposed of without being processed will certainly cause environmental pollution. Therefore it 

is necessary to process the livestock waste. Processing goat urine into fertilizer needs to be done by converting ammonia to nitrate, or 

what is called the nitrification process. Nitrification takes place in two stages of oxidation, the first is the oxidation of ammonium to 

nitrite, and the second is the oxidation of nitrite to nitrate with the help of oxygen. The materials used in this study were (NH4)2SO4, 

K2HPO4, NaHCO3, Na2CO3, MgSO4.7H2O, FeSO4.7H2O, CaCl2.2H2O, ZnSO4, NaCl, H2SO4, NaNO2, KNO3, NH4Cl, Na2S2O3 (solution 

distilled water, filter paper, Rochell salts, Nessler reagent, N- (1-naphthyl) -ethylenediamine dihydrochloride (NED dihydrochloride) 

solution, sulfanilamide solution, sulfuric acid brucine solution, NPK fertilizer, glucose, urea fertilizer, TSP fertilizer, KCl fertilizer, 

cornflour, tofu dregs. Goat livestock waste, namely goat urine, was taken from one of the farms in North Denpasar, and sediment 

sampling was carried out in the Badung river next to the goat farm. According to the result, the best medium for ammonia oxidizers 

pellets was Ammonia Oxidizer Media II (media for pellet b) which was built of 10 grams of NPK fertilizer, 10 grams of glucose, and 5 

grams of NH4Cl powder. Furthermore, the sample performed the highest nitrite removal with a pellet dose of 20% (w/v) (pellet b) and 

the measurement time at 18 hours, with an average nitrite concentration of three repetitions 2.3992 mg/L. 
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I. INTRODUCTION

Faced with tremendous consumption of livestock products, 
domestic stocking, and small-scale livestock farms could not 

multiply the production capacity to meet the population's 

daily needs [1]. To improve production capacity, more 

livestock farms were built and operated, consequently 

increasing number of livestock wastewater containing large 

amount of nutrients, heavy metals, organic matters, and 

pathogens discharged from farms [1]. Livestock wastewater 

contains high concentrations of nitrogen and phosphorus [2]. 

Goat urine is categorized as one of the livestock wastewaters. 

Goat urine contains 0.69% nitrogen (N), 2.09% phosphorus 

(P), 0.64% potassium (K). Processing goat urine into fertilizer 
needs to be done by converting ammonia to nitrate, or what is 

called the nitrification process. Nitrification takes place in two 

stages of oxidation, the first is the oxidation of ammonium to 

nitrite and the second is the oxidation of nitrite to nitrate with 

the help of oxygen. Nitrification is a prerequisite for 

denitrification, wastewater treatment efficiency using 

biological nitrogen removal system depends upon microbial 
activities of two different bacterial groups in the nitrification 

phase: ammonia-oxidizing bacteria are responsible for the 

oxidization of ammonia of nitrite, then nitrite oxidizing 

bacteria convert nitrite to nitrate [3]. At each stage, it is carried 

out by a different bacterial genus, namely the first nitrification 

stage is carried out by Nitrosomonas bacteria and the second 

nitrification stage to convert nitrite into nitrate is carried out 

by Nitrobacter bacteria. The distribution of microbial 

community structures in nitrite-oxidizing bacteria (NOB) was 

separated by space rather than time or C/N ratio except for 

Nitrobacter [4]. Oxidation of NO2-N to NO3-N depends 
mainly on NOB [5]. Prior to this research, there was research 

conducted by Vanotti and Hunt [6] that undertook a study 

about nitrifying treatment of pig wastewater with sludge that 

was acclimatized and immobilized in Acclimated Lagoon 

Nitrifying Sludge (ALNS) polymer pellets. The inorganic 

composition of 3 media used for the preparation of ALNS 
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were (NH4)2SO4 300 mg/L; K2HPO4 100 mg/L; NaHCO3 

1225 mg/L; Na2CO3 359 mg/L; MgSO4.7H2O 60 mg/L; 

FeSO4.7H2O 40 mg/L; and CaCl2.2H2O 40 mg/L. The 

previous research used nitrifying sludge from seed biofilm 

sludge derived from surface soil of an overland flow field 

which provided nitrification treatment from anaerobic swine 
lagoon. Meanwhile, in our research, the sludge was taken 

from random sludge from Badung River to measure the 

capability of local sludge to cultivate NOB and its efficiency 

to perform the nitrification process of goat urine wastewater. 

As nutrients enrichment, several trace minerals were added 

such as ZnSO4, NaCl, H2SO4, NaNO2, KNO3, NH4Cl, 

Na2S2O3. 

The growth of microorganisms was observed according to 

the value of MLVSS (Mixed Liquor Volatile Suspended 

Solids). The time required for the oxidation of NH4
+ (± 210–

230 mg/l) to NO3
- using immobilized ALNS pellets was 14 

hours. In the waste treatment that does not use immobilized 
ALNS pellets, it takes 10 days. Treatment of urine waste into 

N fertilizers by immobilizing the active suspension on 

ammonia oxidizers pellets. The pellets used in this research 

were different from previous studies, where previous 

researchers used polymer pellets while this research tried 

using organic pellets made from tofu pulp and corn flour. 

This research will begin with the preparation of an active 

solution of ammonia oxidizers, namely by adding activated 

sludge exposed to 4 ammonias into several variations of the 

medium and then seeding ammonia-oxidizing bacteria. The 

active solution of ammonia oxidizers with the highest biomass 
will be used for the next process, namely immobilization of 

the active solution of ammonia oxidizers on pellets made from 

tofu and corn flour. This pellet was then applied to treat goat 

urine wastewater which was expected to provide an enormous 

amount of Nitrogen. The purpose of this study was to 

determine the best nutrient composition on the growth of 

biomass (Mixed Liquor Volatile Suspended Solids/MLVSS) 

of nitrifying microorganisms. Afterwards, the changes 

between nitrogen concentration before and after treatment 

would be used to determine the best dosage of ammonia 

oxidizers pellets to be applied for the nitrification process of 

urine to N fertilizer, and this research also aimed to define the 
most optimum processing time on the nitrification process of 

urine to N fertilizer. 

II. MATERIALS AND METHODS 

The materials used in this study were (NH4)2SO4, K2HPO4, 

NaHCO3, Na2CO3, MgSO4.7H2O, FeSO4.7H2O, CaCl2.2H2O, 

ZnSO4, NaCl, H2SO4, NaNO2, KNO3, NH4Cl, Na2S2O3, 

distilled water, filter paper, Rochelle salts, Nessler reagent, N- 
(1-naphthyl) -ethylenediamine dihydrochloride (NED 

dihydrochloride) solution, sulfanilamide solution, sulfuric 

acid brucine solution, NPK fertilizer, glucose, urea fertilizer, 

TSP fertilizer, KCl fertilizer, corn flour, tofu dregs. Goat 

livestock waste, namely goat urine, is taken from one of the 

farmlands on Jl. Maruti No. 5, North Denpasar, and sediment 

was taken from the Badung river next to the goat farm. The 

research was conducted at the Research Laboratory of the 

Department of Chemistry, Faculty of Mathematics and 

Natural Sciences, Udayana University. The detailed research 

methodology can be illustrated as in Fig. 1. 

 

 
Fig. 1 Research Methodology Flowchart 

A. Sludge Sediment Sampling 

The sludge sediment that was used as a source of active 

suspension cultivation was taken from the disposal area of 
livestock waste in Badung river water bodies on Jl. Maruti No. 

5, North Denpasar. Sediment sampling was randomly carried 

out at several points as much as 10 grams per point was taken 

using a small shovel with a depth of ± 10 cm from the soil 

surface then the samples were mixed together. The sediment 

samples were taken to the laboratory for active suspension 

seeding. 

B. Goat Urine Wastewater Preparation 

Goat urine samples were taken from one of the goat farms 

on Jl. Maruti No. 5, North Denpasar. The goat urine was 

placed in a bottle/jerry can then it was closed tightly. The 

urine was then filtered with gauze to remove impurities in the 

form of solids that can interfere with the processing process. 

Initial measurement was then conducted in order to identify 

the initial concentration of ammonia, nitrite, nitrate, the color 

and odor of the observed goat urine samples. 
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C. Biofilter Tube Media Preparation 

The biofilter processing tub was made of a beaker glass 

with a height of 14.5 cm and a diameter of 12 cm with a 

volume of 1000 mL. Three biofilter basins were prepared for 

repeated treatment. Each tub was equipped with an aerator to 

supply air to the tub. The air supply can support 

microorganisms to decompose the substrate. Three biofilter 

media were divided as follows:  

1) Ammonia Oxidizer I Media: Ammonia oxidizers I 

media was made from K2HPO4 (100 mg), NaHCO3 (1225 mg), 

Na2CO3 (359 mg), MgSO4.7H2O (60 mg), FeSO4.7H2O (40 

mg), CaCl2.2H2O (40 mg), and as a source of nitrogen 
(NH4)2SO4 (300 mg) was added, then all the ingredients are 

dissolved in distilled water to a volume of 1000 mL in a 

beaker. 

2) Ammonia Oxidizer II Media: Ammonia oxidizers II 
media was made from 10 grams of NPK fertilizer, 10 grams 

of glucose, and 5 grams of NH4Cl powder. All of these 

materials were placed into a beaker glass and diluted with 

distilled water until the volume reached 1000 mL, then stirred 

until homogeneous [7] 

3) Ammonia Oxidizers III Media: Ammonia oxidizers III 

media was made from 5 grams of urea, 2.5 grams of KCl, and 
2.5 grams of TSP, and 10 grams of glucose. All of these 

materials were then poured into a beaker glass and diluted 

using distilled water until the volume reached 1000 mL, then 

stirred until homogeneous. 

D. Ammonia Oxidizer Active Suspension Production 

A total of 3 clean beaker glasses of 2 L size were prepared 

and labeled SA1 (active suspension 1), SA2 (active 

suspension 2), and SA3 (active suspension 3). To beaker SA1 

was added 1000 mL of ammonia oxidizers I media which had 
been made as much as 1000 mL, to beaker SA2 was added 

1000 mL of ammonia oxidizers II medium, and to beaker, 

SA3 has added 1000 mL of ammonia oxidizers III medium. 

Furthermore, each beaker was added to the sediment sample, 

which had been taken as much as 10 grams. Then the three 

beaker glasses were aerated using an aerator with a hose, then 

covered with gauze and tied with rubber. The growth of 

bacterial isolates was observed by measuring the MLVSS 

(Mixed Liquor Volatile Suspended Solid) value for 3 days 

until the MLVSS reached 2000 mg/L [8]. Previous research 

used seed sludge with MLVSS concentration around 1260-
1550 mg/L [9] and 2500 mg/L [10]. The active solution of 

ammonia oxidizers with the highest MLVSS value would be 

used to manufacture pellets, which could be applied to process 

goat urine into N fertilizer after all.  

E. Preparation of Pellets by Adding an Active Solution of 
Ammonia Oxidizers  

Pellets were made from 500 grams of tofu pulp and 250 

grams of corn flour. The active solution of ammonia oxidizers 

with the highest MLVSS value was prepared as a substitute 
for water. Then all the ingredients are mixed to make it evenly 

distributed. Then the ingredients are added with an active 

solution of ammonia oxidizers until the ingredients take the 

form of a dough. Then the dough is put into a mold using a 

pvc pipe measuring 3 cm long and 1.5 cm in diameter. 

Afterwards, the pellets were removed from the mold then 

dried out by aeration process for three days until the water 

content of the pellets was less than 10%; high-quality pellet 

was achieved at water content around 5-15% [11], [12]. 

Materials as pellets should be sufficiently aerated to allow the 

air exchange [13]. However, other studies showed that the 
increase of the air-filled porosity can reduce moisture content 

and then the rates of nitrification [14]. A positive correlation 

between pellets durability and optimal moisture of 10% was 

found, which was caused by temperature, pressure and 

chemical composition of raw material that acts like a binding 

agent to increase pellets quality [15]. 

F. Goat Urine Wastewater Treatment Using Pellets to 
Produce N-Fertilizer 

Treatment of goat urine was carried out after the 
immobilized pellets of the active ammonia oxidizers were 

considerably dry and ready for use. The urine wastewater was 

filtered first with gauze to remove impurities in the form of 

solids that are mixed into the urine. Then the urine is put into 

a processing tub with a volume of 1000 mL as many as 3 tanks 

and each tub containing 500 mL of urine. Tube 1 (pellet a) 

was added with 10% (w/v) of pellets, for about 50 grams of 

pellets in 500 mL of goat urine, then tube 2 (pellet b) was 

added with pellets of 20% (w/v), which was 100 grams of 

pellets in 500 mL of goat's urine, and tube 3 (pellet c) was 

added 30% (w/v) pellets, which was about 150 grams of 
pellets in 500 mL of goat urine. Processing is carried out 

aerobically by providing oxygen continuously through an 

aerator so that the nitrification process can occur, namely 

changing ammonia to nitrate. All the tanks were left to rest for 

the specified time. Then urine samples were taken for analysis 

of ammonia, nitrite, and nitrate. Sampling for ammonia, 

nitrite, and nitrate concentrations was carried out at 8, 12, 18, 

and 24 hours. Measurements were made to examine the 

maximum ability of the pellets used to oxidize ammonia to 

nitrate so that the optimal time and optimal dosage of the 

pellets used in the processing of urine into N fertilizer can be 

determined. 

III. RESULTS AND DISCUSSION 

A.  Microorganisms Growth in Active Suspension 

MLVSS value was calculated to discover which active 

suspension showed the best performance, which was 

indicated by a higher MLVSS value, before preparing the 

pellets. The MLVSS value shows volatile organic compounds. 

The number represents the number of microorganisms 

contained in it because volatile organic materials such as 
carbohydrates, proteins, glucose, and others are present in 

microbes so that the number can represent the number of 

microbes in the active suspension. The greater MLVSS value, 

the better the pellets would perform. The optimal time for 

nursery is seen from the highest MLVSS value, because the 

highest MLVSS value indicated the peak of the growth of 

microorganisms [16]. At that time, the active solution of 

ammonia oxidizers was ready for use and then immobilized 

into the pellets. Fig. 2 showed microorganisms’ growth curve 

in active suspension for SA1 (active suspension 1), SA2 

(active suspension 2), and SA3 (active suspension 3). 
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Fig. 2 Microorganism’s growth profile for each liquid nutrient media 

composition 

B. Physical Characteristics and Pellet’s Water Content  

Compared to a previous study from Han et al. [17]which 

mixed selenium-wolfram solution (SWS), trace element 

solution, KH2PO4, KCl, MgSO4.7H2O, NaCl, and CaCO3 to 

create ammonia-oxidizing microbes cultivation media, this 

research used pellets as a source of nutrients which were made 

from organic materials such as tofu and corn flour. It was 

mixed with an active solution of ammonia oxidizers.  The 

resulting pellets were tubular, ± 3 cm long, and ± 1 cm in 

diameter. The pellets were faded yellow in color, with a strong 

odor. The average weight of one pellet was ± 2.00 grams. In 
making pellets, several parameters must be tested so that the 

pellets can be used for the next process. The parameter tested 

was the water content in the pellets. 

Table 1 shows that the average water content of pellets 

obtained was 8.55%, which means that it has met the quality 

standards for making pellets, which is no more than 15%. 

Otherwise, the water would damage pellets during storage 

[15]. The same water content level was also applied by 

Hudakorn et al. [18] when producing biomass pellets using 

water hyacinth fiber. Biomass pellets made by water hyacinth 

fiber with 10:90 water ratio showed optimal conditions and 
passed the PFI standard of moisture content below 10%. 

TABLE I 

PELLET WATER CONTENT OBSERVATION RESULTS 

Pellet Water Content(%) Advisability (%) 

a 8.35 < 10 
b 8.4 <10 

c 8.9 <10 
Average 8.55   

 
A good drying process influenced this result. The pellets' 

quality was influenced by binder contents, binder types, and 

moisture contents [19]. The water content that meets the 

quality standards will prevent the pellets from getting infested 

with mushrooms and fungi so that the storage time will be 

more optimum. 

C. Changes in Ammonia Concentration at Various Pellet 
Doses in Goat Urine Treatment into N-fertilizer. 

The measurement of ammonia concentration in this study 

was accomplished using the Nessler method by 

spectrophotometry. The principle of measuring ammonia 

using the Nessler method is the reaction with Nessler's reagent 

(K2HgI4), which, when it is reacted with ammonia in alkaline 

conditions, it will form a colloid dispersion that has brown 

and yellow in color. The color intensity will be directly 

proportional to the concentration of ammonia in the sample 

[20]. By measuring ammonia with UV-Vis spectra in goat 

urine samples with a maximum wavelength of 412.1 nm, the 

absorbance value of each sample can be obtained. The 

absorbance value can be used to determine the concentration 
of the sample by calculating it according to the regression 

equation obtained, namely y = 0.2021x + 0.0031.  

Changes in ammonia concentration in every pellet dosage 

can be seen in Fig.3. From that figure, it can be deduced that 

the increasing pellet dosage had successfully decreased 

ammonia concentration in goat urine wastewater. Among all 

of the pellet’s type, pellet b was showing the best performance.  

 

 
Fig. 3 Ammonia degradation in pellet doses at 10, 20 and 30 % (w/v) 

 

Ammonia concentration removal data were then analyzed 
statistically using IBM SPSS 23.0 software. Homogeneity test 

of changes in ammonia concentration at various pellet doses 

showed a homogeneous data distribution with p = 0.219 (p> 

0.05) value. The data is homogeneous and normally 

distributed so that it is continued with the ANOVA two-way 

test to determine whether there is a significant difference 

between dosage variations and processing time on changes in 

ammonia concentration. Variation of pellet dosage on 

changes in ammonia concentration resulted in a significance 

value of p <0.05, which means that variations in pellet dose 

had a significant effect. The effect of the treatment period on 
changes in ammonia concentration resulted in a p-value <0.05, 

so it implied that the treatment period had a significant effect 

on ammonia concentration changes. The longer treatment 

period (processing time) would result in better ammonia 

removal. According to Caceres et al. [13], an appropriate 

condition for nitrifiers to perform nitrification could take 

longer due to several possible inhibitors such as high 

temperature, low dissolved oxygen, and competition among 

various groups of nitrifying bacteria. 

D. Decreasing Nitrite Concentrations at Various Pellet 
Doses in the Process of Processing Goat Urine into N 

Fertilizer  

The principle of measuring nitrite in this study is that in an 

acidic atmosphere with a pH of 2.0-2.5, nitrite will react with 

sulfanilamide and N-(1-naphthyl ethylene diamine 

dihydrochloride (NED dihydrochloride). The reaction will 

form azo compounds with a purplish red color (SNI 06-

6989.9-2004). Measurement of nitrite concentration in goat 

urine samples is carried out at a maximum wavelength of 518 

0

2000

4000

6000

8000

10000

0 6 12 18 24 36 42 48 60 66 72

M
LV

S
S

 (
m

g
/L

)

Time (hours)

SA1 SA2 SA3

0

2

4

6

8

10

12

0 8 12 18 24

A
m

m
o

n
ia

(m
g

/L
)

Dosage Pellet

a b c

2163



nm. The reduction in nitrite levels occurs in livestock 

wastewater at a rate following the equation y = - 4,56x + 39,57. 

Fig. 4 shows a decrease in the concentration of nitrite in the 

three samples, namely pellet a, pellet b, and pellet c. The 

sample performed the highest nitrite removal with a pellet 

dose of 20% (w/v) (pellet b) and the measurement time at 18 
hours, with an average nitrite concentration of three 

repetitions of 2.3992 mg/L. The pellet dose was 10% (w/v) 

(pellet a)   decreased the nitrite concentration  of three 

repetitions of 4.2637 mg/L.  

 

 
Fig. 4 Nitrite concentration removal in livestock wastewater for each pellet 

dosage. 

 

Samples with a pellet dose of 30% (w/v) (pellet c) 

experienced a modest decrease in nitrite concentration at 24 

hours with an average concentration of three repetitions of 

2.9084 mg/L. The decrease in nitrite concentration occurs due 

to the oxidation process of ammonia with the help of 

immobilized bacteria in the pellet and with the help of oxygen 

through the aeration process. However, the amount of nitrite 
obtained is not much because the nitrite produced will quickly 

undergo an oxidation process by aerobic bacteria to become 

nitrate, due to the amount of oxygen required to oxidize nitrite 

to nitrate is less than the amount of oxygen required to oxidize 

ammonia to nitrite, so nitrite becomes unstable and tends to 

have low concentrations. 

The decrease in nitrite concentration occurs due to the 

oxidation process of ammonia with the help of immobilized 

bacteria in the pellet and with the help of oxygen through the 

aeration process, but the amount of nitrite obtained is not 

much because the nitrite produced will quickly undergo an 

oxidation process by aerobic bacteria to become nitrate, due 
to the amount of oxygen. It is required to oxidize nitrite to 

nitrate is less than the amount of oxygen required to oxidize 

ammonia to nitrite, so nitrite becomes unstable and tends to 

have low concentrations. The availability of oxygen for 

nitrite-oxidizing bacteria was lower than ammonia-oxidizing 

bacteria. Therefore ammonia-oxidizing bacteria was higher 

than nitrite-oxidizing bacteria, leading to a larger portion of 

organic metabolite synthesis [21]. 

From the results of measuring the nitrite concentration, it 

can be seen that the optimal reduction in nitrite concentration 

is in samples with a pellet dose of 20% (w/v) (pellet b) with 
the treatment duration of 18 hours. This phenomenon 

happened due to the optimal activity of microorganisms and 

the need for sufficient oxygen for the oxidation process. 

Samples with a pellet dose of 10% (w/v) (pellet a) were less 

than optimal in reducing nitrite concentrations because the 

number or population of microorganisms in the sample was 

small so that the oxidation process was aggravating, whereas 

at the pellet dose of 30% (w/v) (pellet c) the microorganisms 

were also ineffective in reducing nitrite concentration. After 

all, the population of microorganisms was huge so that the 

oxygen demand for the oxidation process is insufficient and 
the results obtained are less than optimal. In addition, the 

pellet dose of 30% (w / v) has the lowest pH value than 

samples with other pellet doses, so that the nitrification 

process that occurs is less than optimal because at a pH that is 

too low the effectiveness of nitrification will decrease. The 

statistical analysis results of changes in nitrite concentration 

obtained a significance value on the homogeneity test of p = 

0.833 (p> 0.05), which means that the data is homogeneous. 

The normality test conducted shows that the data is normally 

distributed. The variation in pellet dose had a significant 

effect on changes in nitrite concentration with a significance 

value of p. Processing time had a significant effect on changes 
in nitrite concentration with p <0.05. 

E. Changes in nitrate concentrations at various pellet doses 

in the processing of goat urine into N fertilizer. 

Nitrate concentration measurements were carried out using 

the brucine sulfate method spectrophotometrically. The 

principle of measuring the concentration of nitrate with the 

brucine sulfate method is the reaction of brucine with nitrate, 

which will form a yellow compound where the heat level of 
the solution influences the reaction rate. Heating is done by 

adding concentrated sulfuric acid. The absorbance of this 

compound was then measured at a maximum wavelength of 

462.1 nm. The light intensity absorbed by the solution will be 

proportional to the concentration of nitrate in the sample, so 

in other words, the darker the yellow color of the solution will 

indicate the higher the nitrate content. Measurement of the 

sample was carried out at the maximum wavelength so that 

the absorbance of each sample was obtained, then the 

calculation of the nitrate concentration was carried out with 

the regression equation y = 0.0208x + 0.0101. The results of 

measuring the concentration of nitrate above can make a curve 
for changes in the concentration of nitrate at various pellet 

doses in the process of processing goat urine into N fertilizer, 

as in Fig.5. 

 

 
Fig. 5 The increasing nitrate concentration for each pellet’s dosage. 

 

The data on changes in nitrate concentration were analyzed 
statistically with the significance test results for homogeneity 

of p = 0.552 (p> 0.05), which means that the data is 

homogeneous. Variation in pellet dose had a significant effect 
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on changes in nitrate concentration with a significance value 

of p <0.05. The effect of processing time on changes in nitrate 

concentration has a significance value of p <0.05, so 

processing time has a significant effect. 

F. Changes in pH at various pellet doses in goat urine 
processing into N fertilizer.  

One of the factors that influence the nitrification process is 

the pH value. The optimum pH value for the nitrification 

process is between 7.5-8.5 [22]. Nitrifying bacteria are very 

sensitive to pH values. At pH 6.3 - 6.7, the nitrification 

process will slow down, then at pH 5 - 5.5 the nitrification 

process will stop. No change in ammonium, nitrite, and nitrate 

concentrations at pH 5 is noticeable, which indicated a strong 

inhibition of ammonium oxidation at pH 5 [23]. The results of 

pH measurements during the processing of goat urine into N 
fertilizer are presented in Fig. 5. 

In Fig. 6, it can be seen that the pH value of the three 

samples with a pellet dose of 10% (w/v), 20% (w/v), and 30% 

(w/v) has decreased over time. The treatment hours resemble 

the stages of the nitrification process. The pH value decreases 

in the first hour as the ammonia concentration decreases. In 

addition to producing NO2
- ions, the nitrification reaction in 

the nitritation stage will also release H+ and H2O ions. This H+ 

ion causes a decrease in pH. This is because H+ ions are acidic 

so that the pH value decreases [24]. 

 

 
Fig. 6 pH changes during nitrification 

 

If the ammonia increases, the pH value will also 

substantially increase. At pH 7 or less, most of the ammonia 

will be ionized and vice versa at a pH greater than 7, ammonia 
is not ionized and is toxic, and the amount is more. The pH 

value can also decrease if there is a process of nitrite and 

nitrate formation [25], with the following reactions: 

 NH4+  + 3/2 O2 → NO2- + 2H+ + H2O (1)

 NO2-  + ½ O2  → NO3- (2) 

The above reaction shows that each mole of ammonium is 

oxidized to produce 2 moles of hydrogen ions, which results 

in a lower pH value. This shows that nitrifying bacteria are 

very sensitive to pH values. The decrease in pH value is also 

caused by the presence of carbon dioxide (CO2), which is 

produced from the process of breaking down urea in water 
contained in goat urine with the help of the urease enzyme, 

which is owned by nitrifying bacteria, with the following 

reaction: 

 CO(NH2)2  + H2O → 2 NH3 + CO2 (3) 

Carbon dioxide will react with water molecules to form 

carbonic acid and produce hydrogen ions in the goat urine 

sample to be acidic. The reactions that occur is  [26] : 

 CO2 + H2O → HCO3- + H+ (4) 

The solubility of carbon dioxide in the water contained in 

goat urine can be affected by temperature. The increase in 
temperature will cause CO2 gas to come out of urine, so that 

the increase in temperature will cause the CO2 level to be 

lower. Conversely, the lower the temperature, the more CO2 

will dissolve and increase the hydrogen level in the urine so 

that the urine will have an acidic pH. The pH value decreases 

over time, so it can be said that the longer the nitrification 

process is less optimal because the optimal pH of the 

nitrification process is at pH 7.5 - 8.5. The decrease in the pH 

value at each pellet dose in the data above does not reach pH 

5 so that the nitrification process has not been stopped. It is 

just that the ongoing process has decreased effectiveness and 

the result of ammonia oxidation is not optimal at too low a pH. 
Low pH has an inhibition effect on ammonia-oxidizing 

bacteria [27]. 

The lowest average pH value for samples with a pellet dose 

of 10% (w/v) and 20% (w/v) is 6.6 at the 24th-hour 

measurement, while for samples with a pellet dose of 30% 

(w/v) ) the lowest average pH value reaches 6.4 which means 

that the nitrification process can still take place and has not 

stopped, but its effectiveness has decreased. If the pH is less 

than 6.4, there will be no growth of autotrophic bacteria 

(nitrifying bacteria) [28]. 

IV. CONCLUSION 

According to the explanation above, it can be concluded 

that the best medium for ammonia oxidizers pellets to undergo 

nitrification process for goat urine treatment is Ammonia 

Oxidizer Media II (media for pellet b) which was built of 10 

grams of NPK fertilizer, 10 grams of glucose, and 5 grams of 

NH4Cl powder. Then, the dosage B in tube 2, which contained 

pellets of 20% (w/v) (pellet b) consisted of 100 grams of 

pellets in 500 mL of goat’s urine, was the best dosage that was 
shown to effectively reduce ammonia, increase nitrate levels 

and reduce nitrite levels and the ability to withstand neutral 

pH for up to 18 hours. Finally, amongst all pellets' dosages, 

the highest nitrite removal was performed by the sample with 

a pellet dose of 20% (w/v) (pellet b) and the measurement 

time at 18 hours, with an average nitrite concentration of three 

repetitions of 2.3992 mg/L. This research has successfully 

addressed the correlation between the performance of local-

materials-based pellets to undergo nitrification and the impact 

of pH level on nitrification. However, there is still a gap in 

this research that has not been observed profoundly, namely 
the impact of the other environmental factors such as 

temperature, dissolved oxygen, alkalinity, and organic matter 

degradation on the nitrification process using pellets. 
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