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INTRODUCTION

The livestock industry generates large 
amounts of waste, especially from slaughter-
houses, which can pollute the environment if 
not managed properly. Slaughterhouse waste 
contains various pollutants sourced from live-
stock’s internal organs, which can cause pol-
lution if discarded without being processed 
(Selormey et al., 2021; Trisnaningsih et al., 

2025). One of the main types of waste from 
cows is cow’s stomach contents, which con-
sist of ruminant stomach fluids in the form of 
rumen, reticulum, omasum, and abomasum. 
The rumen is the most significant part of the 
ruminant stomach, producing a higher amount 
of ruminant stomach waste compared to other 
organs (Cherdthong, 2020). Rumen fluid waste 
contains microorganisms that can be utilised 
as a local microorganism (LMO) product to 
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ABSTRACT
This research aims to optimize the growth of local microorganisms from rumen fluid waste cultured in medium 
with different C/N ratios and to evaluate ammonia removal from chicken manure using local microorganisms 
as starters. Rumen fluid waste, molasses, and tofu dregs were used in this study. Local microorganisms (LMOs) 
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media were compared to a control P0 (natural rumen fluids). The results showed that P1, P2, and P3 had various 
initial C/N ratios of 25.30±1.00, 24.46±0.84, and 23.94±0.94, respectively. The local microorganisms product was 
represented by colonies through total plate count: P1 (4.17±0.60)×10⁸ CFU/mL; P2 (3.58±0.06)×10⁸ CFU/mL; P3 
(0.41±0.24)×10⁸ CFU/mL, and total lactic acid bacteria: P1 (1.37±0.40)×10⁸ CFU/mL; P2 (2.90±0.40)×10⁸ CFU/
mL; P3 (0.41±0.26)×10⁸ CFU/mL, whereas total coliforms were not detected. Next, the LMO exhibited proteolytic 
activity, as indicated by a clear zone in the growth of the plate media containing 1% skim milk. Moreover, the 
application of LMO to evaluate its ability was inoculated to the layer chicken manure, resulting in a significant 
(P<0.05) decrease in ammonia levels compared to the control (6463.52 ppm). Treatment P1 decreased the am-
monia level at 4165.32 ppm, which indicated removing about 35.5% of the ammonia concentration. Finally, we 
concluded that preliminary laboratory results indicate potential local microorganisms from rumen fluid that have 
been cultured with a 1:1 carbon-to-nitrogen source provide optimal conditions for microorganisms growth and can 
be used to reduce the ammonia in chicken manure significantly; therefore they can be used as a potential bioactiva-
tors for livestock waste processing.
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treat waste generated from livestock activities 
(Sarteshnizi et al., 2020). The rumen contains 
various microorganisms, such as archaea, bac-
teria, yeast, and protozoa, which can be utilized 
as sources of microbes for processing manure, 
compost, and liquid organic fertilizers (Wei et 
al., 2022). One of the beneficial uses of rumen 
fluid is as a source of microbes that can be uti-
lized to produce probiotic products (Reuben 
et al., 2022) as local microorganisms (LMOs). 
The use of probiotics is based on their ability 
to degrade complex organic compounds and 
suppress pathogenic microorganisms. The ap-
plication of local microorganisms cultures has 
been widely developed for waste management, 
water, and sanitation. Belanche et al. (2019) 
stated that rumen fluid waste from ruminants, 
such as cattle and sheep, is being developed as 
a source of microorganisms for the production 
of local probiotic microorganisms. Lesik et al. 
(2019) stated that rumen fluid, which contained 
nutrients, microbes, and undigested food, was 
potential to be recycled into local microorgan-
isms, enhancing nutrient content such as nitro-
gen, phosphorus, and potassium through micro-
bial fermentation processes.

Microorganisms require carbon (C) and 
nitrogen (N) as essential nutrients for their 
growth. Carbon serves as an energy source for 
microorganisms, while nitrogen plays a signifi-
cant role in increasing microbial populations 
(Pan et al., 2023). The C/N ratio indicates the 
nutritional level of a raw material, therefore mi-
croorganisms require an appropriate C/N ratio 
for metabolic processes (Anand et al., 2013). In 
this study, the carbon sources can be found in 
molasses used, and the nitrogen sources in tofu 
dregs fluids used. A suitable balance of carbon 
and nitrogen sources can optimize microbial 
growth (Silva-Sánchez et al., 2019). Pastawan 
et al. (2025) stated that a proper C/N ratio facil-
itates effective microbial decomposition of or-
ganic matter, leading to nutrient-rich and stable 
fertilizer products through aerobic and anaero-
bic conditions. Rumen fluid contained various 
microbes (Sarteshnizi et al., 2018), that could 
be applied to livestock waste to manage the 
pollution caused by ammonia. Ammonia (NH3) 
emissions from livestock farms, particularly 
from animal manure waste, amount to 30 mil-
lion metric tonnes, representing 64% of global 
anthropogenic NH3 emissions (Ashworth et 
al., 2020). Chicken excreta produce significant 

ammonia emissions that can cause air pollution 
and reduce air quality (Seidavi et al., 2019). 
Microorganisms can utilize the organic mat-
ter in excreta as an energy source for growth, 
thereby degrading excreta through microbial 
activity. Moreover, the other use of local lac-
tic acid bacteria to process the chicken manure 
could obtain the unconventional feed for cat-
fish (Paradhipta et al., 2025). The results of a 
study by Ashayerizadeh et al. (2017) show that 
local culture bacteria comprising various mi-
crobes can break down chicken excreta through 
fermentation, increasing non-protein nitrogen 
(NPN), although the functional role of micro-
organisms needs to be further explored by the 
isolation and genome sequencing (Arista et al., 
2025; Nakamura et al., 2022).

Research on optimizing the C/N ratio me-
dium on the growth of rumen fluid waste as a 
local microorganism agent for livestock organ-
ic waste processing is still rare. Therefore, the 
use of rumen fluid waste to be cultured in me-
dium with different C/N ratios should be evalu-
ated to determine its potential use as a source 
of local microorganism production in organic 
waste processing, including livestock manure. 
Adding C and N sources to achieve an optimal 
C/N balance is necessary to support microbial 
growth and productivity (Zhu et al., 2021). In 
an effort to explore and evaluate the effective-
ness of local microorganisms sourced from ru-
men fluid, it is necessary to apply the local mi-
croorganisms product to livestock waste, such 
as chicken manure. This study aims to optimize 
the growth of local microorganisms from rumen 
fluid waste cultured in medium with different 
C/N ratios and to evaluate ammonia removal 
from chicken manure using local microorgan-
isms as starters.

METHODS

Rumen fluid preparation

Rumen fluids as a source of microorganisms 
were collected from the cow slaughterhouse in 
Yogyakarta, Indonesia. Rumen were taken from 
the Ongole breed under room temperature con-
ditions and stored for 50 mL in a sterile coni-
cal tube. The rumen fluids were then immedi-
ately stored at refrigerator temperature (4 °C) to 
prevent contamination.
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Local microorganisms medium producing 
preparation

Molasses, tofu dregs, and bottles are pre-
pared. Molasses and tofu dregs are sterilized in 
an autoclave as formulated medium at 121 °C 
and 15 psi for 15 minutes to make the medium 
sterile and free of contamination by other bacte-
ria. Furthermore, total organic C and total N were 
measured for each culture medium, serving as the 
initial C/N ratio for molasses and tofu dregs. The 
medium treatment with different C/N ratios was 
prepared using a mixture of molasses and tofu 
dregs in triplicate: P1 (1:1); P2 (1:2); P3 (1:3); 
and P0 (rumen fluids as the control). Then, the 
treatment medium was tested for C-organic con-
tent, total N, and the initial C/N ratio simultane-
ously to determine different C/N ratios ​​for each 
treatment medium.

Preparation of solid and liquid culture media

Rumen fluids are filtered and prepared as a 
source of microorganisms for cultivation. Agar 
medium was made by adding 2.8 g of nutrient 
agar (NA) to a 100 mL beaker and then adding 
100 mL of distilled water. The agar medium so-
lution was transferred to an Erlenmeyer flask for 
further sterilization at 121 °C and 15 psi for 15 
minutes. After that, the agar medium is poured 
into a petri dish and stored in the refrigerator as a 
solid medium stock. The solid medium stock will 
later be used to preculture rumen microorganisms 
using the spread/streak method. A liquid medium 
was prepared by dissolving 18.2 g of nutrient 
broth (NB) in 1400 mL of distilled water in a bea-
ker. The liquid medium stock was poured into 36 
test tubes, each containing 5 ml of NB 100/100 
medium. 12 Erlenmeyer flasks were prepared, 
each containing 100 mL of NB 100/100 medium. 
The test tube and Erlenmeyer flask are then steril-
ized by using an autoclave. 

Preculture of rumen microorganisms

Rumen fluids are inoculated into an agar 
medium prepared by the streak method to grow 
microorganisms. Next, 10 µl of rumen fluid 
was inoculated into each test tube containing 
a stock of 100/100 NB medium. The isolate 
was incubated on a shaker at 120 rpm for 24 
hours at 28 °C. After 24 hours, the preculture 
propagation of rumen microbial isolates was 

continued by inoculating them in 100 ml Er-
lenmeyer containing 100/100 NB medium and 
incubating on a shaker at 120 rpm for 24 hours 
at 28 °C. Isolate culture was measured by de-
termining the optical density (OD) of bacterial 
growth at 600 nm on a spectrophotometer to 
equalize the concentration of the microorgan-
ism used for inoculation in the molasses-and-
tofu-dregs medium used to prepare the local 
microorganism product.

Culture of local microorganism production

The cultures of isolated microorganisms are 
inoculated into 1 L bottles for each treatment (P1, 
P2, P3) that were prepared previously. Fifty mL of 
cultures of isolated microorganism (determined 
by calculating the required cell culture neces-
sary from the isolate concentration measured by 
the spectrophotometer) was inoculated into each 
bottle and incubated for 4 weeks in anaerobic 
conditions, constant temperature (28 °C), and 
without any sunlight intervention. After 28 days 
(4 weeks), the liquid obtained from the cultured 
microorganism is harvested, and samples are col-
lected for local microorganism (LMO) product 
evaluation, including chemical properties, viable 
microbial population, proteolytic activity, and 
ammonia removal from chicken manure. LMO 
samples were collected from each fermentation 
bottle and observed for analysis (Figure 1).

Measurement of chemical and 
microbiological quality

The chemical properties of the local micro-
organism product were evaluated by measuring 
total, C-organic, and N content, pH, and the C/N 
ratio of the final product. Furthermore, the micro-
biological viable population of the LMO product 
was evaluated using the total plate count (TPC) 
test on plate count agar (PCA) media, the lactic 
acid bacteria (LAB) test on MRSA media, the to-
tal coliform test on BGLB media, and the total 
Yeast test on PDA media. The number of colonies 
that grow is calculated based on colony-forming 
units per ml (CFU/ml). Chemical and microbio-
logical quality measurement was carried out at 
the Integrated Laboratory of the Animal Science 
Learning Center (ASLC) and the Laboratory of 
Leather Technology, By-products and Livestock 
Waste, Faculty of Animal Husbandry, Gadjah 
Mada University.
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Quantitative proteolytic activity of local 
microorganism production

The growth of local microorganisms that 
had been produced was evaluated by clear zone 
growth as viable proteolytic activity by grow-
ing the local microorganism on agar media with 

the addition of 1% skim, and compared with the 
growth of natural rumen fluid as a control (P0). 
The growth on the agar plate media was in three 
replications, and each replicate was provided 
with duplicate plates, then incubated for five days 
at 30 °C. Inoculation of LMO treatment into an 
agar plate following the well diffusion method. 

Figure 1. The diagram flow of fermentation processing local microorganism (LMO), proteolytic activity, 
measurement of chemical condition, and microbiological properties
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The formation of a clear zone represents the pu-
tative proteolytic bacterial activity by measuring 
the diameter of the zone, which indicates the vi-
able growth to utilize protein.

Evaluation of ammonia removal by local 
microorganisms in chicken manure

Chicken layer excreta were obtained from the 
Layer Chicken House of the Faculty of Animal 
Science, UGM. The excreta were diluted with 
aquabidest at a ratio of 1:3 (25 g excreta:75 mL 
aquabidest), then sterilised in an autoclave at 121 
°C and 15 psi for 15 minutes. After sterilization, 
the excreta were aseptically inoculated by 1 mL 
of LMO product or rumen fluid as a control. The 
samples were then incubated at room temperature 
using a rotary shaker (120 rpm) for 5 days (120 
hours) under sterile conditions (Figure 2). Ammo-
nia concentrations were measured to the chicken 
manure processing after LMO application using 
the Nessler method by mixing the Nessler reagen 
A and B to react the ammonium and observed in 
spectrophotometre, as described by Trisnaning-
sih et al. (2025) with modifications. Ammonium 
standard solutions were prepared from (NH₄)₂SO₄, 
and the absorbances from the spectrophotom-
eter were then calculated using the standard for 

ammonia final concentration. A total of 200 µL of 
Nessler reagents A and B were added to 9.8 mL 
of standard solution and samples chicken manure, 
then homogenised and incubated for 10 minutes 
in dark conditions. Absorbance was measured at 
570 nm using a spectrophotometer. The ammonia 
concentration of the samples was calculated based 
on the standard curve regression equation. The 
ammonia measurement after LMO application 
was compared to the ammonia concentration from 
chicken manure without LMO inoculation.

Statistical analysis

The differences in the data means were ana-
lyzed using a one-way ANOVA, SPSS 28. The 
difference between means was considered homo-
geneous and was followed by Duncan’s Multiple 
Range Test (DMRT). The obtained data were ex-
pressed as means ± standard errors. 

RESULTS AND DISCUSSION

Medium-producing condition of a local 
microorganism

We observed the initial conditions of the raw 
substrate and culturing medium treatments for the 

Figure 2. Application of the local microorganism product to the layer chicken manure
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growth of rumen microbes. The original substrate 
and the medium treatment content at the initial 
condition are shown in Table 1. We showed that 
the C/N ratio of the mixed materials for tofu dregs 
is 6.98±0.01 and for Molasses is 18.77±0.58. 
Meanwhile, the initial C/N ratio measurement of 
P1, P2, and P3 for the treatment medium used to 
optimize local microorganisms was 25.30±1.00, 
24.46±0.84, and 23.94±0.94, respectively. 

The treatment P1 has the highest C/N ratio 
compared to P2 and P3 because it contains more 
C sources, resulting in a higher initial C/N ratio 
(Table 1). The P3 treatment has a lower initial 
C/N ratio because its N content is higher, thereby 
reducing the initial C/N ratio. A high C content 
causes the C/N ratio value in a material to be high 
(Gioacchini et al., 2024). The initial C/N ratio is 
a very important parameter because it determines 
whether rumen microorganism growth and distri-
bution during the LMO production is running op-
timally. The C/N ratio should be between 20 and 
30, with 25 optimal for bacterial growth (Meng et 
al., 2019; Macias-Corral et al., 2019). Although 
all treatments showed an initial C/N ratio within 
the appropriate range for microbial growth (20-
30), where as P1 had the optimal C/N ratio ac-
cording to Anand et al. (2013): 25. The initial C/N 
ratio value in each treatment is affected by the 
composition ratio between the used molasses and 
tofu dregs, therefore the C/N ratio value of each 
treatment can also influence bacterial growth.

Chemical properties of LMO production

Based on the results of the measurement final 
C/N ratio in LMO product (Table 1), it can be seen 

that the average final C/N ratio levels from three 
replications of P1, P2, and P3 showed signifi-
cant differences (P<0.05) with successive values; 
28.79±1.66, 32.64±8.30, and 36.67±7.92, respec-
tively, with a control C/N ratio of rumen fluids 
of 13.70±5.48. Treatment P3 obtained the highest 
C/N ratio (36.67 ± 7.92) among the other treat-
ments, while P1 had the lowest C/N ratio (28.79 ± 
1.66), and the control P0 had a C/N ratio of 13.70 
± 5.48. In the growth activity, microorganisms 
used carbon and nitrogen to grow and metabolize, 
which resulted in a C/N ratio medium between 
initial and final conditions (Gonzalez and Aran-
da, 2023). Gioacchini et al. (2024) stated that a 
balanced amount of carbon content in the mate-
rial compound is required for the C/N ratio to be 
optimally used by microorganisms. Total organic 
carbon tended to increase compared to the initial 
value before the fermentation process in P2 and 
P3. This indicates that microorganisms actively 
utilized nitrogen compounds from tofu dregs in 
their cell metabolism (Hu et al., 2024), which 
gained in a high final C/N ratio value. According 
to Philben et al. (2019), the fermentation process 
can increase carbon content by accumulating or-
ganic acids, such as acetic acid. Conversely, mi-
crobial degradation of carbon can reduce a mate-
rial’s carbon content (Meng et al., 2019).

The final condition of medium character-
istics showed that the lowest moisture content 
(83.27±0.16) was found in the treatment with a 
1:1 ratio of carbon:nitrogen sources (P1). In con-
trast, the highest moisture content (93.12±0.40) 
was found in the treatment with a 1:3 ratio of 
carbon:nitrogen sources (P3). The addition of 
carbon and nitrogen sources in a 1:1 ratio (P1) 

Table 1. Initial and final medium characteristic conditions

Substrate/
medium 

treatment

Initial condition (day 0) Final condition (day 28)

C-organic 
content 
(ppm)

N total 
content 
(ppm)

C/N 
ratio pH

C-organic 
content 
(ppm)

N total 
content 
(ppm)

C/N 
ratio

Water 
content 

(%)

Organic 
matter 

(%)

Ash/ 
inorganic 
content 

(%)

pH

Tofu dregs 
fluid

6534.48
±45.66

935.90
±4.72

6.98
±0.01 - - - - - - - -

Molasses 260584.98
±1758.10

13900.60
±482.59

18.77
±0.58 - - - - - - - -

P0 - - - - 97.71
±26.50a

7.35
±0.82a

13.70
±5.48a

95.84
±0.30d

3.04
±0.30a

1.13
±0.30ab

6.10
±0.00ns

P1 58934.29
±57.54c

2334.84
±95.62ns

25.30
±1.00ns

4.80
±0.00ns

59762.80
±4389.72c

2077.18
±124.41c

28.79
±166b

83.27
±0.16a

15.02
±0.14c

1.70
±0.40c

3.43
±0.25ns

P2 56923.50
±62.73b

2330.26
±79.76ns

24.46
±0.84ns

4.80
±0.00ns

58116.74
±3034.93c

1850.85
±435.71b

32.64
±8.30b

88.75
±1.32b

9.91
±1.33b

1.34
±0.12b

3.43
±0.15ns

P3 54901.75
±109.93a

2.296.41
±90.73ns

23.94
±0.94ns

4.73
±0.58ns

50492
±1683.26b

1376.92
±323.58b

36.67
±7.92b

93.12
±0.40c

5.96
±0.44b

0.91
±0.04a

3.56
±0.30ns

Note: ab Means in the same row without common letter are different at P<0.05. ns non-significant.
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resulted in a lower water content due to the great-
er amount of molasses added, producing a more 
concentrated solution. Meanwhile, the addition of 
carbon and nitrogen sources in a 1:3 ratio (P3) 
with more tofu dregs content resulted in higher 
water content. We recycled the liquid waste into 
an added-value product represented by chemical 
properties, which is obtained through C-organic, 
N total, C/N ratio, water content, organic matter, 
ash content, and pH, that showed the improve-
ment value as the good quality of the cultured me-
dium product compared to the P0 (Table 1). The 
microorganism in each of the medium treatments 
was successfully grown to be a potential starter 
local microorganism, indicated by changes in the 
C/N ratio (Table 1) in the medium. The optimal 
water content in the product, as for treatment P1 
(83.27%), was the most appropriate condition to 
keep the microorganism surviving in the medium 
(Gonzalez and Aranda, 2023) because too high 
water content of the medium could decrease the 
viability of the microorganism (Šipailienė and 
Petraitytė, 2018). The highest organic matter con-
tent (15.02±0.14) was observed in the treatment 
with a 1:1 carbon-to-nitrogen ratio (P1), indicat-
ing sufficient nutrients for microorganisms.

In contrast, the lowest organic matter con-
tent (5.96±0.44) was found in the treatment with 
a 1:3 carbon-to-nitrogen ratio (P3). The organic 
matter content in the rumen fluid (P0) was low-
er (3.04±0.30) than in other treatments. Organic 
matter is a critical component because it provides 
essential nutrients such as carbon and nitrogen, 
which are necessary for the growth and function 
of microorganisms (Kaur and Vyas, 2024). Fur-
thermore, Table 1 showed that the highest ash 
content (1.70±0.40) was found in the treatment 
with a 1:1 balance of carbon:nitrogen sources 
(P1), while the lowest ash content (0.91±0.04) 
was found in the treatment with a 1:3 addition 
of carbon:nitrogen (P3). Organic matter will be 
oxidized and burned during combustion, while 
inorganic substances remain as a residue or ash 
(Gollmer et al., 2019).

Viable microbial population in the local 
microorganism product

Next, we showed the total microbial count 
as the viable microbial population in the LMO 
growth product, which is presented in Table 2. 
The total plate count of the local microorganism 
(LMO) product, which was produced the highest 

number of colonies after the fermentation pro-
cess, was on the treatment P1 with a total number 
of colonies of 4.17±0.60 × 108 CFU/ml, while the 
treatment produced the smallest number of colo-
nies was on treatment P0 with a colony number of 
0.38±0.06 × 108 CFU/ml. It is indicated that the 
microorganism contained in rumen fluid without 
treatment of the fermentation process with dif-
ferent C/N ratios didn’t show growth activity by 
keeping total colony significantly below the other 
treatments, and seemed to be decreased over time. 
Cui et al. (2024) reported that an unbalanced C/N 
ratio can lead to nutritional limitations, thereby 
affecting microbial growth. This indicates that 
the C/N ratio plays an essential role in microor-
ganism growth (Meng et al., 2019). The results 
of measuring the number colonies of lactic acid 
bacteria in local microorganism products showed 
that the treatment produced the highest number 
of lactic acid bacteria colonies was on treatment 
P2 with a ratio carbon:nitrogen of 1:2 with a to-
tal number of colonies of 2.90±0.40 × 108 CFU/
ml, while the natural rumen fluids (P0) showed 
the lowest number colonies of 0.12±0.01 × 108 
CFU/ml. The growth of lactic acid bacteria is af-
fected by several key factors, including tempera-
ture, pH of the medium, and nutrient availability 
(Nasrollahzadeh et al., 2023). Lactic acid bacte-
ria, such as Lactobacillus sp., utilize glucose as 
the primary substrate (Zou et al., 2024); in this 
study, glucose from molasses is converted into 
end products, including lactic acid, ethanol, and 
CO2 (Sharma et al., 2020). Lactic acid produced 
in the LMO product is due to the activity of lactic 
acid bacteria in order to metabolize the glucose as 
a substrate from molasses, resulting in a decrease 
in pH (Cao et al., 2024). Nitrogen sources such as 
tofu residue liquid are used by lactic acid bacteria 
to hydrolyse proteins into peptides and amino ac-
ids for growth (Hu et al., 2024). 

The LMO product colony counted during 48 
hours of growth showed that the addition of car-
bon and nitrogen sources with a ratio of 1:1 (P1) 
had the highest number of yeast of 0.24±0.02 × 
108 CFU/mL compared to other treatments (Ta-
ble 2). The ratio of 1:1 obtained the condition 
that microbial can optimal growth by using suf-
ficient carbon (C) and nitrogen (N) (Gioacchini 
et al. (2024). Yeast could optimally grow in the 
condition of sufficient nutrient including carbon 
and nitrogen sources, and can break down vari-
ous organic materials, including carbohydrates, 
fatty acids, and hydrocarbon compounds, making 
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it effective in reducing chemical oxygen demand 
(COD) (Mohiuddin et al., 2024). Based on the 
coliform colony counted, ther is no coliforms de-
tected in P1, P2, or P3. This result indicated that 
the local microorganism cultured was suppressed 
the pathogen activity by increasing the lactic acid 
bacteria population (Che et al., 2024; Gwiaz-
dowski et al., 2023), and potentially used as bio-
logical starter. These data showed that during the 
LMO fermentation process, pathogenic bacteria 
and coliforms from rumen fluid waste were suc-
cessfully decreased, therefore the local microor-
ganism product in this study will be safe for the 
environment when used as a starter. 

Proteolytic growth ability of LMO

Next, we observed the proteolytic activity 
of the LMO product by measuring the diameter 
of colonies on plate media (Figure 3, Figure 4). 
The local microorganism cultured in P1, P2, and 
P3 exhibited proteolytic activity, forming clear 
zones in media containing skim milk. Although 
the control treatment (P0) also exhibited a clear 
zone, it also showed proteolytic activity. It showed 
that rumen fluid waste naturally contains proteo-
lytic bacteria (Belanche et al., 2019; Cherdthong, 
2020; Wei et al., 2022), and in this study, we opti-
mize the growth of proteolytic bacteria as an LMO 

Table 2. Viable microbial population of cultured rumen fluid waste-local microorganism

Parameters
Total colony (x108 CFU/ml)

P0 P1 P2 P3

Total plate count 0.38 ± 0.06a 4.17 ± 0.60b 3.58 ± 0.06b 0.41 ± 0.24a

Total lactic acid bacteria 0.12 ± 0.01a 1.37 ± 0.40b 2.90 ± 0.40c 0.41 ± 0.26a

Total yeast 0.08 ± 0.00a 0.24 ± 0.02b 0.19 ± 0.05b 0.22 ± 0.13b

Total coliform 0.00 ± 0.00nd 0.00 ± 0.00nd 0.00 ± 0.00nd 0.00 ± 0.00nd

Note: ab Means in the same row without a common letter are different at P<0.05. nd non-detected.

Figure 3. Observation of clear zone (day-1) of all treatments LMO: a) clear zone of P0; b) clear zone of P1; 
c) clear zone of P2; and d) clear zone of P3

Figure 4. Observation of clear zone (day-5) of all treatments LMO: a) clear zone of P0; b) clear zone of P1; 
c) clear zone of P2; and d) clear zone of P3

Note: abc Means in the same row without a common letter are different at P<0.05
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product. All local microorganisms, P1, P2, and 
P3, utilized protein from skim milk during their 
growth until day-5 to support metabolic activity. 
Kieliszek et al. (2021) stated that proteolytic bac-
teria can utilize proteins, especially casein, by pro-
ducing proteolytic enzymes that break them down 
into peptides and amino acids. Casein, contained 
in skim milk, is used as the primary substrate for 
the production and testing of protease activity be-
cause it is easily hydrolysed and the results can 
be observed visually on agar media (Natsir et al., 
2024; Senthilkumar et al., 2021).

Table 3 shows that the addition of carbon and 
nitrogen sources at a 1:1 ratio (P1) produced a 
clear zone (49.60 ± 1.31) larger than P2 and P3 
on the fifth day of observation. Although the ru-
men fluid only (P0) showed the largest clear zone 
(Figure 4) indicated that the natural rumen fluid 
already contained proteolytic bacteria, which 
supports the beneficial further purposes. Carbon 
content plays a significant role as the main en-
ergy source for microorganisms (Talapko et al., 
2022; Wang et al., 2023), while nitrogen sources 
are needed for enzyme synthesis, including prote-
ase enzymes (Sun et al., 2021). Optimal nutrient 
availability enables microorganisms to produce 
protease enzymes, allowing them to degrade milk 
proteins, especially casein in skim milk. Accord-
ing to Hossain et al. (2021), the ability of microbes 
to break down proteins varies across species, 
partly due to the secretion of different enzymes, 
leading to varying levels of activity. Differences 
in the diameter of the clear zone (Figure 4) can be 
attributed to variations in the addition of carbon 
and nitrogen sources in the cultured medium of 
the local microorganism product.

Ammonia removal in chicken manure by LMO

Finally, we investigated the application of 
LMO as a starter in animal waste, represented by 
chicken manure, which commonly occurs in the 

environment. The addition of LMO cultured in P1, 
P2, and P3 to layer chicken excreta had a signifi-
cant effect (P<0.05) compared to the control (only 
layer chicken manure) and P0 treatments. Mean-
while, the addition of local microorganism prod-
uct between the P1, P2, and P3 treatments did not 
show any significant differences (P>0.05) (Figure 
5). Treatment P1 with a ratio of 1:1 had the high-
est reduction of ammonia concentration because 
the number of total count bacteria was also high, 
therefore, the organic matter degradation proceeds 
optimal (Silva-Sánchez., et al 2019). The common 
bio-starter used by agricultural businesses was 
only for certain purposes; for example, lactic acid 
bacteria were used for fermented organic matter 
(Paradhipta et al., 2025), and nitrifying bacteria 
were used for protein-derived organic compounds 
in the nitrification process as a liquid organic fertil-
izer product (Pastawan et al., 2025).

The addition of LMO with a 1:1 balance of car-
bon and nitrogen sources (P1) showed in a higher 
removal of ammonia levels (4165.32 ppm) than 
other cultured LMO products (P2 and P3) (Figure 
5). The optimal of reducing ammonia concentra-
tion in chicken manure was occurred in treatment 
P1 compared to the control P0 and control as 
chicken excreta without addition of LMO (Table 
4). All treatments showed a significant (P<0.05) re-
moval of ammonia concentration compared to P0. 
The use of LMO as a starter in ammonia removal 
from chicken manure showed the current ability of 
LMO activity, because we limited the conditions: 
the chicken manure was sterilized to determine 
the LMO activity in degrading organic matter, 
particularly ammonia removal, without any inter-
ruption from other bacterial growth and activity. 
The ability of local microorganisms to remove am-
monia is due to the activity of group microorgan-
isms that suppress ammonia (Zhang et al., 2024), 
such as nitrifying bacteria. Cao et al. (2021) stated 
that the treatment for ammonia removal is based 
on the alteration of volatile N into non-volatile N, 

Table 3. The diameter of the clear zone of proteolytic activity with skim milk media by local microorganisms

Days of incubation
Diameter of clear zone (mm)

P0 P1 P2 P3

Day-1 0.00 ± 0.00a 10.47 ± 0.36b 8.54 ± 0.79b 8.77 ± 0.90c

Day-2 17.53 ± 0.56b 12.52 ± 1.72a 11.78 ± 1.73a 11.17 ± 0.90a

Day-3 30.87 ± 0.40b 25.73 ± 1.11a 21.70 ± 3.79a 21.08 ± 3.56a

Day-4 38.87 ± 0.45b 34.68 ± 0.52ab 32.60 ± 3.30a 30.94 ± 5.08a

Day-5 50.77 ± 0.30ns 49.60 ± 1.31ns 46.67 ± 3.74ns 40.90 ± 10.41ns

Note: ab Means in the same row without a common letter are different at P<0.05.
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comprising nitrification and denitrification pro-
cesses by heterotrophic nitrifying and denitrify-
ing bacteria. Nitrifying bacteria reduce ammonia 
through a two-stage nitrification process (Nishi et 
al., 2023). The first stage is carried out by ammonia-
oxidizing bacteria (AOB), which convert ammonia 
into nitrite using the enzymes ammonia monooxy-
genase and hydroxylamine oxidoreductase (Li et 
al., 2024). The ammonia monooxygenase enzyme 
converts ammonia into hydroxylamine (NH2OH), 
while hydroxylamine oxidoreductase catalyses hy-
droxylamine into nitrite (Musiani et al., 2020). The 
second stage is carried out by nitrite-oxidizing bac-
teria (NOB) (Zhao et al., 2023), such as Nitrobacter 
and Nitrospira, which convert nitrite to nitrate via 
the enzyme nitrite oxidoreductase. Several factors, 
such as pH, influence the effectiveness of ammonia 
reduction by nitrifying bacteria (Wang et al., 2023; 
Zhao et al., 2023). AOB bacteria can survive in 
acidic environments and remain active in reducing 
ammonia (Wang et al., 2021). The results of this 
study indicated that culturing LMO product with 
varying carbon and nitrogen sources can reduce 

ammonia in layer chicken manure compared to 
without LMO product as a starter (control), due 
to the presence of putative nitrifying bacteria that 
convert ammonia to nitrate. The initial C/N ratio 
in the fermentation process of LMO obtained the 
optimal nitrifying process by putative nitrifying 
bacteria contained in the LMO.

CONCLUSIONS

Based on the results, we concluded that the 
C/N ratio in medium for culturing microorgan-
isms is an important compound needed by the 
microorganism to optimally grow, which im-
proved the microbial growth ability. The growth 
of LMO product cultured in different C/N ratio 
media presented proteolytic ability and nitrifi-
cation ability, which referred to a beneficial en-
vironment. The mixture of molasses and tofu 
dregs obtained a good initial C/N ratio that can 
be used for optimizing the growth of microor-
ganisms. Local microorganism (LMO) obtained 
by fermenting rumen fluid waste with molasses 
as a carbon source and tofu dregs as a nitrogen 
source improved activity of microorganisms. Pro-
viding carbon and nitrogen sources at a 1:1 ratio 
(P1) resulted in a balanced nutrient medium that 
supported LMO growth optimally. The growth 
of rumen microorganisms through the fermenta-
tion process, as a local microorganism product, 
could be used as an alternative biological agent 
for organic waste management. These LMOs can 
significantly reduce ammonia levels in chicken 

Figure 5. Ammonia content as ammonium in chicken manure oxidized by local microorganism for five days, 
ab Means in the figure indicate significant differences P<0.05. Error bars indicate the standard deviation 

of three replicates

Table 4. Ammonia reduction (%) in chicken manure 
with/without local microorganism addition

Treatment(s) Ammonia reduction (%)

Without treatment 0

P0 7.4 ± 3.2a

P1 35.5 ± 5.0b

P2 27.4 ± 2.5c

P3 27.2 ± 7.5bc
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manure, suggesting their potential as bioactiva-
tors for livestock waste processing. Moreover, 
we managed to recycle the liquid waste from the 
rumen into a new product as a biological agent. 
The LMO production carried out for 28 days has 
omitted the pathogenic bacteria, which indicated 
safe to be used in the environment.

Acknowledgement

The author would like to thank the Final 
Assignment Recognition Program (RTA) Uni-
versitas Gadjah Mada Number 5286/UN1.T1/
PT.01.03/2024 for funding the research.

REFERENCES

1.	 Arista, F., Trisnaningsih, R., Prasetyo, R. A., 
Pastawan, V., Abidin, M. Z., Pertiwiningrum, A., 
Erwanto, Y., Fitriyanto, N. A. (2025). Isolation of 
bacteria tolerant to high ammonium sulphate and 
ammonium chloride from activated sludge of poul-
try slaughterhouse wastewater and their evaluation 
as ammonia oxidizing agents. Ecological Engineer-
ing & Environmental Technology (EEET), 26(9). 
https://doi.org/10.12912/27197050/209809 

2.	 Anand, P. S., Kumar, S., Panigrahi, A., Ghoshal, T. 
K., Syama Dayal, J., Biswas, G., Ravichandran, P. 
(2013). Effects of C: N ratio and substrate integra-
tion on periphyton biomass, microbial dynamics and 
growth of Penaeus monodon juveniles. Aquaculture 
Internasional, 21, 511–524. https://doi.org/10.1007/
s10499-012-9585-6 

3.	 Ashayerizadeh, O., Dastar, B., Samadi, F., Kho-
meiri, M., Yamchi, A., Zerehdaran, S. (2017). 
Study on the chemical and microbial composition 
and probiotic characteristics of dominant lactic 
acid bacteria in fermented poultry slaughterhouse 
waste. Waste Management, 65, 178–185. https://doi.
org/10.1016/j.wasman.2017.04.017 

4.	 Ashworth, A. J., Chastain, J. P., Moore, Jr. P. A. 
(2020). Nutrient characteristics of poultry manure 
and litter. Animal manure: production, characteris-
tics, environmental concerns, and management, 67, 
63–87. https://doi.org/10.2134/asaspecpub67.c5

5.	 Belanche, A., Palma Hidalgo, J. M., Nejjam, I., 
Serrano, R., Jiménez, E., Martín‐García, I., Yáñez‐
Ruiz, D. R. (2019). In vitro assessment of the factors 
that determine the activity of the rumen microbiota 
for further applications as inoculum. Journal of the 
Science of Food and Agriculture, 99(1), 163–172. 
https://doi.org/10.1002/jsfa.9157

6.	 Cao, Q., Zhang, W., Yin, F., Lian, T., Wang, S., 
Zhou, T., Wei, X., Zhang, F., Cao, T., Dong, H. 

(2024). Lactic acid production with two types of 
feedstocks from food waste: Effect of inoculum, 
temperature, micro-oxygen, and initial pH. Waste 
Management, 185, 25–32. https://doi.org/10.1016/j.
wasman.2024.05.036 

7.	 Che, J., Shi, J., Fang, C., Zeng, X., Wu, Z., Du, Q., 
Tu, M., Pan, D. (2024). Elimination of pathogen 
biofilms via postbiotics from lactic acid bacteria: 
A promising method in food and biomedicine. Mi-
croorganisms, 12(4), 704. https://doi.org/10.3390/
microorganisms12040704 

8.	 Cherdthong, A. (2020). Potential use of rumen di-
gesta as ruminant diet—a review. Tropical Animal 
Health and Production, 52(1), 1–6. https://doi.
org/10.1007/s11250-019-02018-6 

9.	 Cui, H., He, C., Zheng, W., Jiang, Z., Yang, J. 
(2024). Effects of nitrogen addition on rhizosphere 
priming: The role of stoichiometric imbalance. Sci-
ence of The Total Environment, 914, 1–14. https://
doi.org/10.1016/j.scitotenv.2023.169731

10.	Cao, Q., Li, X., Jiang, H., Wu, H., Xie, Z., Zhang, 
X., Li, N., Huang, X., Li, Z., Liu, X., Li, D. (2021). 
Ammonia removal through combined methane oxi-
dation and nitrification-denitrification and the inter-
actions among functional microorganisms. Water 
research, 188, 116555. https://doi.org/10.1016/j.
watres.2020.116555 

11.	Gioacchini, P., Baldi, E., Montecchio, D., Maz-
zon, M., Quartieri, M., Toselli, M., Marzadori, C. 
(2024). Effect of long-term compost fertilization 
on the distribution of organic carbon and nitrogen 
in soil aggregates. Catena, 240, 1–13. https://doi.
org/10.1016/j.catena.2024.107968 

12.	Gollmer, C., Höfer, I., Kaltschmitt, M. ( 2019). Ad-
ditives as a fuel-oriented measure to mitigate in-
organic particulate matter (PM) emissions during 
small-scale combustion of solid biofuels. Biomass 
Conversion and Biorefinery, 9(1), 3–20. https://doi.
org/10.1007/s13399-018-0352-4

13.	Gonzalez, J. M., Aranda, B. (2023). Microbial 
growth under limiting conditions-future perspec-
tives. Microorganisms, 11(7), 1641. https://doi.
org/10.3390/microorganisms11071641 

14.	Gwiazdowski, R., Kubiak, K., Juś, K., Marchwińska, 
K., Gwiazdowska, D. (2023). The biocontrol of plant 
pathogenic fungi by selected lactic acid bacteria: 
from laboratory to field study. Agriculture, 14(1), 
61. https://doi.org/10.3390/agriculture14010061 

15.	Hossain, T. J., Das, M., Ali, F., Chowdhury, S. I., Zed-
ny, S. A. (2021). Substrate preferences, phylogenet-
ic and biochemical properties of proteolytic bacteria 
present in the digestive tract of Nile tilapia (Oreo-
chromis niloticus). AIMS microbiology, 7(4), 528–
545. https://doi.org/10.1101/2021.10.24.465423

16.	Hu, M., Wang, D., Tang, X., Zhang, Q., Zhao, J., 
Mau, B., Zhang, H., Cui, S. (2024). Improving the 



523

Journal of Ecological Engineering 2026, 27(9), 512–524

utilization efficiency of nitrogen source through 
co-culture of Lactobacillus strains with different 
nitrogen source metabolisms. LWT Food Science 
and Technology, 191, 1–9. https://doi.org/10.1016/j.
lwt.2023.115701

17.	Kaur, A., Vyas, P. (2024). Nutrient Recycling by 
Microbes for Healthy Soil. In  Advancements in 
Microbial Biotechnology for Soil Health, 173-187. 
Singapore: Springer Nature Singapore. https://doi.
org/10.1007/978-981-99-9482-3_9

18.	Kieliszek, M., Pobiega, K., Piwowarek, K., Kot, A. 
M. (2021). Characteristics of the proteolytic enzymes 
produced by lactic acid bacteria. Molecules, 26(7), 
1858. https://doi.org/10.3390/molecules26071858 

19.	Lesik, M., Dadi, O., Andira, G., Laban, S. (2019). 
Nutrient analysis of liquid organic fertilizer from ag-
ricultural waste and rumen liquid. In IOP Conference 
Series: Earth and Environmental Science 343(1), 1–8. 
https://doi.org/10.1088/1755-1315/343/1/012178

20.	Li, Q., Xu, Y., Chen, S., Liang, C., Guo, W., Ngo, 
H. H., Peng, L. (2024). Inorganic carbon limitation 
decreases ammonium removal and N2O production 
in the algae-nitrifying bacteria symbiosis system. 
Science of The Total Environment, 928, 172440. 
https://doi.org/10.1016/j.scitotenv.2024.172440 

21.	Macias-Corral, M. A., Cueto-Wong, J. A., Morán-
Martínez, J., Reynoso-Cuevas, L. (2019). Effect 
of different initial C/N ratio of cow manure and 
straw on microbial quality of compost. Interna-
tional Journal of Recycling of Organic Waste in 
Agriculture, 8(1), 357–365. https://doi.org/10.1007/
s40093-019-00308-5 

22.	Meng, F., Yang, A., Zhang, G., Li, J., Zou, Z., Zhang, 
Y. (2019). Effects of C/N ratio on pollution removal 
efficiency and cell proliferation during the biocon-
version of wastewater by photosynthetic bacteria. 
Desalination and Water Treatment, 156, 68–77. 
https://doi.org/10.5004/dwt.2019.24093 

23.	Mohiuddin, O., Harvey, A. P., Ledesma, M. T. O., 
Velasquez Orta, S. (2024). Bioremediation of waste 
by yeast strains. Electronic Journal of Biotechnology, 
69, 30–42. https://doi.org/10.1016/j.ejbt.2024.01.005

24.	Musiani, F., Broll, V., Evangelisti, E., Ciurli. S. 
(2020). The model structure of the copper-depen-
dent ammonia monooxygenase. JBIC Journal of 
Biological Inorganic Chemistry,  25, 995–1007. 
https://doi.org/10.1007/s00775-020-01820-0

25.	 Natsir, H., Ahmad, A., Massi, N., Taba, P., Rauf, 
W. (2024). Isolation, production of protease, and 
antimicrobial activities from marine sediment gam-
ma-proteobacteria of MBS-L3 isolate. Research 
Journal of Pharmacy and Technology, 17(6), 1–8. 
https://doi.org/10.52711/0974-360x.2024.00448

26.	Nakamura, K., Pastawan, V., Suganuma, S., Mizu-
no, K., Shimada, M., Hayakawa, T., Fitriyanto, N. 
A., Nakagawa, T. (2022). Draft genome sequence of 

a lanthanide-responsive bacterium, Bradyrhizobium 
sp. strain Ce-3. Microbiology Resource Announce-
ments, 11(7), e00180-22. https://doi.org/10.1128/
mra.00180-22 

27.	Nasrollahzadeh, A., Tavani, S. M., Arjeh, E., Jafari, 
S. M. (2023). Production of conjugated linoleic acid 
by lactic acid bacteria; important factors and opti-
mum conditions. Food Chemistry: X, 20, 100942. 
https://doi.org/10.1016/j.fochx.2023.100942 

28.	Nishi, K., Akizuki, S., Toda, T., Matsuyama, T., 
Ida, J. (2023). Effects of different biomass ratios 
of light-tolerant microalgae-nitrifying bacteria con-
sortia on ammonia removal. Biochemical Engineer-
ing Journal, 193, 108872. https://doi.org/10.1016/j.
bej.2023.108872 

29.	Paradhipta, D. H. V., Terrakota, D. L. P., Agus, A., 
Astuti, A., Pastawan, V., Hidayah, K. T. (2025). Ma-
nure handling in circular farming: An in vitro study 
of fermented poultry manure as unconventional 
feed for ruminants. ASEAN Journal on Science and 
Technology for Development, 43(1), 17. https://doi.
org/10.61931/2224-9028.1642 

30.	Pastawan, V., Shiddiq, M. D., Ahsan, Z., Paradhipta, 
D. H. V., Zaki, M. K., Abidin, M. Z., Fitriyanto, 
N. A. (2025). Aerobic and anaerobic biological 
treatment of extracted chicken manure mixed with 
cassava dregs for potential use as liquid organic 
biofertilizer. International Journal of Recycling of 
Organic Waste in Agriculture, 14(1), 1–9. https://
dx.doi.org/10.57647/ijrowa-kaar-zs35

31.	Pan, W., Zhou, J., Tang, S., Wu, L., Ma, Q., Marsden, 
K. A., Chadwick, D. R., Jones, D. L. (2023). Utili-
sation and transformation of organic and inorganic 
nitrogen by soil microorganisms and its regulation 
by excessive carbon and nitrogen availability. Biol-
ogy and Fertility of Soils, 59(4), 379–389. https://
doi.org/10.1007/s00374-023-01712-w 

32.	Philben, M., Zheng, J., Bill, M., Heikoop, J. M., 
Perkins, G., Yang, Z., Wullschleger, S. D., Graham, 
D. E., Gu, B. (2019). Stimulation of anaerobic or-
ganic matter decomposition by subsurface organic 
N addition in tundra soils. Soil Biology and Bio-
chemistry, 130, 195–204. https://doi.org/10.1016/j.
soilbio.2018.12.009

33.	Reuben, R. C., Elghandour, M. M., Alqaisi, O., 
Cone, J. W., Márquez, O., Salem, A. Z. (2022). In-
fluence of microbial probiotics on ruminant health 
and nutrition: sources, mode of action and implica-
tions. Journal of the Science of Food and Agricul-
ture, 102(4), 1319–1340.

34.	Sarteshnizi, F. R., Abdi-Benemar, H., Seifdavati, 
J., Khalilvandi-Behroozyar, H., Seyedsharifi, R., & 
Salem, A. Z. M. (2020). Influence of spray-dried 
rumen fluid supplementation on performance, 
blood metabolites and cytokines in suckling Hol-
stein calves. Animal, 14(9), 1849–1856. https://doi.
org/10.1017/S1751731120000518 



524

Journal of Ecological Engineering 2026, 27(9), 512–524

35.	Sarteshnizi, F. R., Seifdavati, J., Abdi-Benemar, 
H., Salem, A. Z., Sharifi, R. S., Mlambo, V. (2018). 
The potential of rumen fluid waste from slaughter-
houses as an environmentally friendly source of 
enzyme additives for ruminant feedstuffs. Journal 
of Cleaner Production, 195, 1026–1031. https://doi.
org/10.1016/j.jclepro.2018.05.268 

36.	Seidavi, A. R., Zaker Esteghamati, H., Scanes, C. G. 
(2019). Present and potential impacts of waste from 
poultry production on the environment.  World’s 
Poultry Science Journal, 75(1), 29–42. https://doi.
org/10.1017/S0043933918000922

37.	Selormey, G. K., Barnes, B., Kemausuor, F., Dark-
wah L. (2021). A review of anaerobic digestion of 
slaughterhouse waste: effect of selected operational 
and environmental parameters on anaerobic biode-
gradability. Reviews in Environmental Science and 
Bio/Technology, 20(4), 1073–1086. https://link.
springer.com/article/10.1007/s11157-021-09596-8 

38.	Senthilkumar, M., Amaresan, N., Sankarana-
rayanan, A. (2021). Plant-microbe interac-
tion. New Jerse: Humana Press. https://doi.
org/10.1007/978-1-0716-1080-0

39.	Sharma, M., Datta, R., Kedia, V. K., Brtnicky, 
M. (2021). Microbial Potential for Carbon Fixa-
tion and Stabilization. In Soil Carbon Stabili-
zation to Mitigate Climate Change, 125–168. 
Singapore: Springer Singapore. https://doi.
org/10.1007/978-981-33-6765-4_4

40.	Silva-Sánchez, A., Soares, M., Rousk, J. (2019). 
Testing the dependence of microbial growth and 
carbon use efficiency on nitrogen availability, pH, 
and organic matter quality. Soil Biology and Bio-
chemistry, 134, 25–35. https://doi.org/10.1016/j.
soilbio.2019.03.008 

41.	Šipailienė, A., Petraitytė, S. (2018). Encapsulation 
of probiotics: proper selection of the probiotic 
strain and the influence of encapsulation technology 
and materials on the viability of encapsulated 
microorganisms. Probiotics and Antimicrobial 
Proteins, 10(1), 1–10. https://doi.org/10.1007/
s12602-017-9347-x 

42.	Sun, Y., Qian, Y., Zhang, J., Wang, Y., Li, X., Zhang, 
W., Wang, L., Liu, H., Zhong, Y. (2021). Extracel-
lular protease production regulated by nitrogen and 
carbon sources in Trichoderma reesei. Journal of 
Basic Microbiology, 61(2), 122–132. https://doi.
org/10.1002/jobm.202000566 

43.	 Talapko, J., Talapko, D., Matić, A., Škrlec, I. (2022). 
Microorganisms as new sources of energy. Energies, 
15(17), 6365. https://doi.org/10.3390/en15176365 

44.	Trisnaningsih, R., Alifia, C. R., Erwanto, Y., 
Pastawan, V., Abidin, M. Z., Pertiwiningrum, A., 
Fitriyanto, N. A. (2025). The effectivity of or-
ganic matter removal in poultry slaughterhouse 

wastewater by Bacillus cereus TD5B. Ecological 
Engineering & Environmental Technology (EEET), 
26(8). https://doi.org/10.12912/27197050/205751 

45.	Wang, C., Kuzyakov, Y. (2023). Energy use effi-
ciency of soil microorganisms: Driven by carbon 
recycling and reduction. Global Change Biol-
ogy, 29(22), 6170–6187. https://doi.org/10.1111/
gcb.16925 

46.	Wang, K., Li, J., Gu, X., Wang, H., Li, X., Peng, Y., 
Wang, Y. (2023). How to provide nitrite robustly for 
anaerobic ammonium oxidation in mainstream ni-
trogen removal. Environmental Science & Technol-
ogy, 57(51), 21503–21526. https://doi.org/10.1021/
acs.est.3c05600 

47.	Wang, Z., Zheng, M., Meng, J., Hu, Z., Ni, G., 
Guerrero Calderon, A., Li, H., De Clippeleir, H., 
Al-Omari, A., Hu, S., Yuan, Z. (2021). Robust ni-
tritation sustained by acid-tolerant ammonia-oxi-
dizing bacteria. Environmental science & technol-
ogy, 55(3), 2048–2056. https://doi.org/10.1021/acs.
est.0c05181

48.	Wei, W., Zhen, Y., Wang, Y., Shahzad, K., Wang, 
M. (2022). Advances of rumen functional bacte-
ria and the application of micro-encapsulation fer-
mentation technology in ruminants: a review. Fer-
mentation, 8(10), 1–11. https://doi.org/10.3390/
fermentation8100564

49.	Zhang, L., Ali, A., Su, J., Huang, T., Wang, Z. (2024). 
Ammonium nitrogen and phosphorus removal by 
bacterial-algal symbiotic dynamic sponge bioreme-
diation system in micropolluted water: Operational 
mechanism and transformation pathways. Science 
of the Total Environment, 947, 174636. https://doi.
org/10.1016/j.scitotenv.2024.174636 

50.	Zhao, Y., Dong, Y., Chen, X., Wang, Z., Cui, Z., 
Ni, S. Q. (2023). Using sulfide as nitrite oxidizing 
bacteria inhibitor for the successful coupling of par-
tial nitrification-anammox and sulfur autotrophic 
denitrification in one reactor. Chemical Engineer-
ing Journal, 475, 146286. https://doi.org/10.1016/j.
cej.2023.146286 

51.	Zhu, Z., Zhou, J., Shahbaz, M., Tang, H., Liu, S., 
Zhang, W., Yuan, H., Zhou, P., Alharbi, H., Wu, 
J., Kuzyakov, Y., Ge, T. (2021). Microorganisms 
maintain C: N stoichiometric balance by regulat-
ing the priming effect in long-term fertilized soils. 
Applied Soil Ecology, 167, 104033. https://doi.
org/10.1016/j.apsoil.2021.104033

52.	Zou, X. Z., Gong, L. C., Li, T. T., Lv, S. Y., Wang, 
J. (2024). Optimization of fermentation conditions 
for the production of γ-aminobutyric acid by Lac-
tobacillus hilgardii GZ2 from traditional Chinese 
fermented beverage system. Bioprocess and Bio-
systems Engineering, 47(6), 957–969. https://doi.
org/10.1007/s00449-024-03028-x


