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Abstract

Nitrogen loss during the composting process is a great challenge that can lead to environmental pollution and reduce
compost quality. Lime is often added to the composting mixture to increase the pH, speed-up the decomposition process,
and lower the release of toxic gases like ammonia. However, the specific effects of lime on nitrogen dynamics, particu-
larly ammoniacal nitrogen and nitrate nitrogen levels, as well as CO, emissions, remain areas of active investigation. This
study investigates the influence of hydrated lime on nitrogen conservation when added to poultry manure and agricultural
waste. To evaluate the level of nitrogen retention and overall compost stability, poultry waste and agricultural waste were
co-composted with and without hydrated lime amendment under controlled environmental conditions. The results showed
that, in comparison to the control, the lime-treated compost had higher nitrate nitrogen levels (1800 mg/kg) and lower
ammoniacal nitrogen levels (100 mg/kg), indicating improved nitrogen retention. Furthermore, CO, emissions in the com-
post treated with hydrated lime were higher in the early phases, however substantially dropped as the compost matured,
indicating a faster stabilization process. The findings of 16 S rRNA sequencing showed that lime-treated composting was
dominated by Thermobifida, Thermobacillus, and Saccharomonospora, all of which were known as cellulolytic bacteria
and involved in organic matter degradation. Also, significant bacterial shifts were observed during the thermophilic phase.
The Pseudomonas population, which is often associated with the denitrification process, was lower than the control,
thus, promoting nitrogen retention. The results imply that lime amendment improves composting stability and quality by
increasing nitrogen content while reducing organic matter. This work advances the understanding and knowledge on the
influence of lime in composting by providing useful insights into the microbial community that can be used for improv-
ing the process.
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Introduction

The population of the world has grown dramatically, reach-
ing 7.9 billion in 2021. It is expected to reach roughly
10 billion by 2050 and 11 billion by 2100 [1]. As a result,
there has been an increase in the global need for food, and
by 2050, it is expected that the amount of food needed per
person would double [2]. According to estimates, 40% of
all meat consumed is produced from poultry, with China
being the second largest producer with 20 million Mg in
2020. The increased demand for chicken meet has led to a
problem of manure treatment [3]. A chicken is estimated to
create 80—100 g of droppings every day, or roughly 3—4% of
its body weight [4]. The management of livestock waste, in
particular chicken manure, is a serious environmental issue
due to the rapid expansion of poultry industries vis-a-vis
production of manure in large quantities resulting in man-
agement issues apart from associated pollution in air, water
and soil [5-8]. Like other animal excreta, chicken manure
is an organic waste rich in nutrients about 3—5% nitrogen,
0.9-3.5% phosphorus, and 1.5-3% potassium [9] and is fre-
quently used as untreated organic fertilizer in croplands. Fur-
thermore, compared to cattle or pig dung, the concentration
of calcium, magnesium, and sulphur is significantly higher
[10]. However, the improper utilization of poultry manure
as fertilizer has associated environmental concerns, such as
including air pollution, rising greenhouse gas (GHG) emis-
sions, buildup of dangerous trace metals, and eutrophication
in water bodies, acidification of the soil, and increased loss
of nutrients, especially nitrogen and phosphorus from the
soil through leaching, erosion, and runoff [11].

Apart from livestock crop production has increased
significantly to meet the high demands of several million,
which has further increased the amount of agricultural waste
produced [12]. Over the past century, China, India, and
Africa have not only increased the population and economy
but also the agricultural residues [13]. Agricultural residues
contribute to a significant portion of organic waste gener-
ated globally. These residues if not managed properly, can
pose environmental risks, including soil degradation and
air pollution. Conventional methods to manage agricultural
residues and livestock waste include landfilling, incineration
and direct application on lands. While landfilling organic
waste can lead to the emission of GHGs such as ammonia,
carbon dioxide, and nitrous oxide which are harmful to
both people and the environment [14]. Direct application
on land, though beneficial for soil fertility, often results in
nutrient leaching and runoff contributing to water pollution.
Whereas burning can effectively reduce the amount of waste
and destroy pathogens, it also generates significant air pol-
lution, including particulate matter and toxic gases thereby
raising public health concerns [15].
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One of the biggest biological sectors with the highest
biomass production is agriculture, which can provide a sig-
nificant bioeconomy input. Bioeconomic strategies based on
the management of agricultural residues can stop the unde-
ruse of livestock manure and the careless or random burn-
ing of crop residues to guarantee food and health security,
waste valorization to produce products with added value,
farmer’s livelihood, youth employment opportunities, and
agriculture sustainability [16]. Composting has emerged
as a sustainable alternative for managing organic waste,
converting it into stable, nutrient-rich compost that can
enhance soil fertility, porosity, aeration, and water reten-
tion. Therefore, turning agricultural wastes and byproducts
into valuable resourceswill not only open up green markets
and create jobs, but it will also lessen the need for fossil
fuels and GHG pollution, helping to promote clean, safe,
and sustainable agriculture [17, 18]. During the composting
process, N compounds such as protein are converted into
ammonia (NH;), ammonium (NH,"), nitrite (NO,"), nitrate
(NO;"), nitrous oxide (N,0), and dinitrogen (N,) through
nitrification and denitrification under aerobic and anaerobic
conditions. However, it is important to note that, N loss may
happen during the composting process as a result of NH,
volatilization, leaching of (NO, ) and (NO;), and N,O,
and N, emissions [13]. To overcome these challenges, sev-
eral additives have been explored to reduce nitrogen losses
and enhance the composting process as well as improve the
quality of the compost [19-21]. For instance, 0.5-1.5% lime
and 10% calcium magnesium phosphate fertilizer addition
on maturity, gaseous emissions, and bacterial dynamics
during food waste revealed the highest alleviation in CH,
(80.77%) and NH; (39.85%) emissions during compost-
ing [22]. Hydrated lime is one such additive that has been
investigated for its potential to mitigate ammonia emissions
during the composting process [23, 24]. Previous studies on
the use of lime have indicated that hydrated lime increases
the pH of the composting material, which can inhibit the
urease activity and reduce ammonia volatilization thereby
effectively reducing ammonia emissions and improving
nitrogen retention [25, 26]. Based on the current literature
search, there is limited information available regarding the
impact of adding lime on the microbial community during
the composting process. Microorganisms drive the transfor-
mation of organic matter, such as carbon and nitrogen, dur-
ing composting. These microbes play a crucial role in the
conversion of organic matter, including nitrogen changes.
Therefore, in this study, the co-composting experiment of
poultry manure and agricultural residues was conducted
with or without hydrated lime addition to investigate the
effects of lime amendment on the physicochemical prop-
erties of co-composting as well as its impact on microbial
diversity. This was done to gain a better understanding of
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microbial properties and theirrole in improving the perfor-
mance of the composting process.

Materials and Methods
Materials

The chicken manure was obtained from Uhwa farm in Eum-
seong, Chuncheongbuk-do. The crop residues were obtained
from the National Academy of Agricultural Sciences.

Preparation of Composting Substrate and
Experimental Design

The experiment was conducted in a room at a temperature
of 25+2°C in Kyonggi University, Suwon, Gyeonggi-do,
South Korea. The experiment had had 2 treatment groups
labeled as control and lime treatment. To adjust the ini-
tial moisture contents of all treatments to 60%, Distilled
water was added and mixed. Control contained a mixture
of chicken manure, crop residues, and saw dust in a ratio
of 6:3:1 with a total volume of 7 kg. The lime treatment
included all the control mixtures and 210 g (3%) of hydrated
lime. with hydrated lime derived 210 g (3%). All the raw
materials were mixed thoroughly and periodically to attain
even distribution. All the experiments were conducted in
triplicates in-vessel. The composition of the components of
each processing unit is shown in Table 1.

Physicochemical and Gaseous Emission Analysis

For the nitrogen conservation and physicochemical evalua-
tion of compost, some common parameters such as temper-
ature, pH, electric conductivity, moisture content, organic
matter, and generated CO, and NH; concentration were
determined. The temperature of the compost was measured
every day at the same time using a probe-type thermometer
through the upper hole of the reactor. The moisture content
and organic matter were determined by the change in weight
after drying at 105 °C. The pH and electric conductivity
were determined by diluting the sample at a ratio of 1:10
(wt%) with distilled water stirred for 30 min and measured
using a pH meter (HANNA Co, HI-2222, USA) and an
electric conductivity meter (OHAUS Co, STARTER 300 C,

Table 1 Feedstock composition ratio of treatment compost

USA). The odor gas was measured using a gas detector tube
(GASTEC Co, GV-100 S, JAPAN).

DNA Extraction

For gDNA extraction, preserved samples were thawed at
25°C and thoroughly mixed using a vortex mixer immedi-
ately before aliquoting 400 uL each. Aliquots were centri-
fuged at 10,000 rpm, and the supernatants were discarded.
The pellets from each sample were used to extract gDNA
using DNeasy PowerSoil Pro Kits (QIAGEN, Hilden, Ger-
many). The bead homogenization process was carried out
using a Bead Ruptor Elite (OMNI International, Kennesaw,
GA, USA) homogenizer for 1 min at 6 m/s, followed by
1 min rest in a metallic thermal bead bath from 80°C storage
for cooling the heat from the homogenization in between the
homogenization steps for a total of 3 min of homogeniza-
tion. The gDNAs were quality-checked using a Nanodrop
Lite spectrophotometer (Thermo Fisher Scientific, Waltham,
MA, USA) and stored at 80°C until further application.

16S rRNA Amplicon Library Preparation and
Sequencing

The gDNA extracts were diluted to 2.5 ng/uL, and 2 pL of
each dilution was used for PCR amplification. PCR ampli-
fication of the V3-V4 hypervariable region of the 16 S
rRNA gene was performed using 10 pmol in 1 pL each of
341 F forward primer (5'- A-Adaptor— Barcode—Stuffer—
CCTACGGGNGGCWGCAG- 3') containing lonCode bar-
code sequences provided by Ion Torrent protocol and 805 R
reverse primer (5'— P1-Adaptor—- GACTACHVGGGTATC-
TAATCC-3") [19], both procured from the oligonucleotides
synthesis service (Macrogen, Seoul, South Korea). Plati-
num™ PCR SuperMix High Fidelity (Thermo Fisher Sci-
entific, Waltham, MA, USA) was used for the PCR master
mix. The PCR reaction conditions were as follows: initial
enzyme activation of 180 s at 94 -C (Stage 1), followed by
25 cycles each of 30 s denaturation at 94 -C, 30 s anneal-
ing at 50 °C, and 30 s extension at 72 °C (Stage 2), and
final extension at 72 °C for 5 min (Stage 3). The produced
V3-V4 amplicons were purified using HiAccuBead SPRI
bead (Accugene, Incheon, South Korea) with the library to
magnetic bead ratio of 1:1.5 in a magnetic rack and washed
twice with 70% ethanol before elution with 30 uL of 0.1 M
Tris-EDTA buffer. The purified amplicon concentration was

Treatment Feedstock ratio (% wet weight) Additive (% raw feedstock on wet weight)
Crop residues (%) Chicken Saw dust Hydrated lime (%)
Sesame stalks Pepper stalks Bean stalks manure (%) (%)

Control 10 10 10 60 10 -

Lime 10 10 7 60 10 3
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Tal?lg 2 Physicochemical charac-  parameters Crop residues Chicken manure  Saw dust
terlstlcstgfraw materials used for Sesame stalks  Pepper stalks  Bean stalks
compostin;
postng Moisture contents (%)  7.95:048 8012021  7.54:032  51.40+1.32 830+0.25
Organic matter (%) 96.69+1.52 95.65+1.38 91.95+1.47 76.95+2.21 98.69+0.98
Ash (%) 4.01+0.09 8.53+£0.16 7.44+0.17 11.20+0.12 1.20+0.15
T-C (%) 48.67+1.32 50.31+£2.34 50.65+£1.57 44.11+£1.48 53.24+1.68
T-N (%) 1.78+0.12 2.21£0.15 1.26+0.09 3.05+0.24 ND
T-P,05 (%) 0.21+0.08 0.31+0.05 0.19+£0.02  3.15+0.15 0.01+0.005
T-K,0 (%) 0.27+0.09 0.31+0.04 0.19+0.03 2.14+0.18 0.03+0.003
pH 7.36+0.15 6.66+0.14 6.03+0.07 7.55+0.15 6.78+0.17
(A) e Control B) 11 4 —e—Control
+~Lime treatment +Lime treatment
10 A
o}
¢
= 9 1
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Fig. 1 Dynamics of (A) temperature and (B) pH in the lime-treated composting group

checked using Invitrogen Qubit 4 fluorometer dsDNA assay
kit (Thermo Fisher Scientific, Waltham, MA, USA), and the
samples were pooled in equimolar concentration to a total
concentration of 100 pmols in 50 pL of the final library.
The prepared final library was then used for template prep-
aration in Ion Chef Instrument (Thermo Fisher Scientific,
Waltham, MA, USA) using Ion 520™ and Ion 530™ ExT
Kit— Chef (Thermo Fisher Scientific, Waltham, MA, USA)
and Ton 530™ semiconductor chip (Thermo Fisher Scien-
tific, Waltham, MA, USA) with the procedures described
in the Quick Reference document (Pub. No. MANO0015806
Rev. E.0). Near the end of template preparation, the Ion
GeneStudio S5 System (Thermo Fisher Scientific, Waltham,
MA, USA) was cleaned and initialized using ExT sequenc-
ing reagents following the manufacturer’s protocol, and
the prepared Ion 530 chip was loaded for the sequencing
run. After sequencing, the demultiplexed FASTQ files were
retrieved from the Torrent Suite™ server for bioinformatic
processing.

Statistical Analysis

General data visualization and plotting were conducted
using Sigma Plot 14.0. Bacterial community analysis was
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carried out using R version 3.1.21 and subsequently visu-
alized through Sigma Plot. These tools were applied via
the Galaxy platform (www.freebioinfo.org). Phylogenetic
diversity analysis and co-occurrence networks of key gen-
era were constructed using the online tool MicrobiomeAna-
lyst 2.0.

Results and Discussion
Physico-chemical Properties of Raw Materials

Table 2 provides a summary of the physical and chemical
properties of the raw materials that were analyzed using
various parameters.

Temperature Dynamics

Figure 1(A) shows the dynamics in the temperature profile
of control and lime-amended composting, indicating the
effects of lime amendment on the pattern of degradation.
Both treatments experienced rapid temperature increases
during the initial phase. There was a peak thermophilic phase
followed by a cooling phase in the temperature dynamics.
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As a result of vigorous microbial activity and efficient
decomposition of organic matter, the high temperature was
maintained for several days. From the 13th day onwards,
temperature gradually decreased and reached around 32 °C
and 31 °C for control and lime amendments, respectively,
indicating the maturation and stabilization of compost. The
addition of lime influenced the temperature profile, result-
ing early and prolonged thermophilic phase compared to the
control. This could be attributed to the exothermic reaction
of lime when it hydrates, and releases excess heat during the
composting process [27]. It is essential that both treatments
maintain high temperatures during the thermophilic phase in
order to reduce pathogens and break down complex organic
compounds [28]. As the composting process progresses, the
temperature gradually declines, indicating the transition to
the maturation phase, when microbial activity slows and the
compost stabilizes [29]. However, as the composting pro-
gressed a change in temperature profile was observed.

Effect of Lime Treatment on the Physicochemical
Characteristics during Composting

pH Dynamics

The pH of compost is a critical parameter influencing
microbial activity, nutrient availability and overall quality
of the compost. In this study, the pH of both control and
lime-amended mixtures was monitored throughout the
composting process to assess the impact of hydrated lime
amendment. The pH of the control mixtures exhibited a typi-
cal composting pH profile where the initial pH was 7.48. By
the 10th day, the pH increased sharply to 9.05, which may
be due to the microbial decomposition of organic matter and
the production of ammonia (Fig. 1B). The amendment of
commercial lime to the mixture significantly influenced the
pH profile. The initial pH of the test treatment was 10.31
which is due to the alkaline nature of lime. The biotrans-
formation of nitrogenous compounds, such as proteins, uric
acids, and amino acids resulted in a significant generation
of NH,", which was subsequently transformed into NH,
to neutralize the acids produced within the composting
piles. This led to the resultant pH observed in both treat-
ments [30]. The pH of the control mixtures then gradually
decreased to 8.1 by the 50th day, showing stabilization as
the composting process progressed. By the 10th day, the pH
of lime amendment decreased to 8.85, indicating a buffering
effect. The pH fluctuated slightly reaching 7.92 by the 50th
day, stabilizing earlier than the control treatment. The pH
dynamics observed in both treatments align with previous
reports that have examined the effects of lime on compost-
ing processes [31]. Given that lime is an alkaline substance,

it is remarkable that pH increased more noticeably in the
lime-amended treatment than in the control.

Electrical Conductivity Dynamics

An important parameter for assessing compost’s suitabil-
ity for agricultural use is its electrical conductivity, which
measures the amount of soluble salts in compost [32]. In
this study, the EC of both control and lime-treated compost
mixtures was monitored throughout the composting process
to evaluate the impact of hydrated lime amendment. The
EC values of both the control and lime-amended mixtures
showed a decreasing trend, with EC reaching its lowest
point at 4.17 and 4.38 mS/cm by the end of the composting
process, indicating some variability in soluble salt content
due to lime amendment (Fig. 2A). The initial sharp decrease
in EC observed in both treatments can be attributed to the
leaching of soluble salts and the consumption of these salts
by microbes during the decomposition of organic matter
[33]. The degree of salinity in the compost and any potential
phytotoxicity effects on plant growth are reflected in the EC
value of the compost. Higher EC in the finished compost
will hinder seed germination and limit the flow of nutri-
ents and water into the plants [34]. However, in the present
study reduction in EC was observed similar to that of the
trend of EC in lime-amended compost [35]. Furthermore,
lime amendment is known to promote organic humifica-
tion thereby facilitating the polymerization of salts, organic
acids, and low molecules for EC reduction [36].

Moisture Content

The moisture content of both treatments was monitored to
assess the impact of lime on moisture retention and manage-
ment. Figure 2(B) shows the moisture content during the
composting process. The moisture content in the control and
lime treatments, began at 55.03 and 56.15%, respectively,
on the Oth day. As the composting progressed, an increas-
ing trend was observed in both treatments. By the 10th day,
the moisture content had increased to about 59% and 58%
in control and lime treatments, respectively. The moisture
content was maintained between 55 and 65% throughout
the composting process with the control treatment show-
ing higher moisture on days 10 to 30 compared to the
lime-amended mixture. The optimum moisture content for
optimum microbial activity for degradation of organic mat-
ter during the composting process is around 60-70% [37].
At the end of the composting period, the control’s moisture
content was 64%, while the lime-treated mixture retained a
high moisture level of 63% compared to the control.

This higher moisture retention observed in lime-treated
mixtures can be because of the hygroscopic nature of lime,

@ Springer
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Fig. 2 Profile of physicochemical parameters: (A) electrical conductivity, (B) moisture content, (C) organic matter, (D) C/N ratio, (E) carbon
dioxide emission, and (F) ammonia emission during the composting process (bars denoted as +standard deviation)

which helps to retain the moisture in the compost. Moisture
retention is crucial to maintain microbial activity and for
the effective breakdown of organic matter [38]. The correla-
tion between moisture content and temperature is evident in
this study. Higher temperatures can cause more evaporation
and therefore a decrease in moisture content was observed.
Despite the higher temperatures experienced with the lime
treatment, there was a higher level of moisture retention,
possibly because lime is hygroscopic. Another possible
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reason could be the maintenance of pH level, where ammo-
nium ions become unstable and are released as ammonia gas
[34]. This balance between moisture retention, temperature,
and pH indicates a more controlled and efficient composting
process in the lime-amended mixture.
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Organic Matter Content

The initial organic matter content of bothtreatment mixtures
was recorded. The organic matter content in both treatments
significantly declined as composting progressed (Fig. 2C).
Microbial activity during composting is responsible for this
reduction observed in both mixtures. On day 10, the lime-
amended mixture experienced a more substantial reduction
of'about 20%, compared to 13% for the control. It was noted
that the reduction trend continued throughout the compost-
ing period, with the control mixture showing a more gradual
decrease than the lime-amended mixture. By the end of com-
posting, the organic matter in the control mixture decreased
to 29% whereas the lime-amended mixture had a lower con-
tent of 24%. This higher rate of organic matter reduction in
lime-treated mixtures is due to the enhanced microbial deg-
radation facilitated by the alkaline conditions of lime [39].
The higher temperatures also facilitated the breakdown of
complex organic compounds into simpler forms, thereby
reducing the overall organic matter content [40]. Further-
more, the maximum reduction in organic matter observed in
lime-treated mixtures was associated with the higher miner-
alization of organic matter than that of control. In general,
organic matter content decreased and the mature compost
normally contains organic matter below 30% [41], which
aligned with the results observed in our study.

C/N Ratio

The rate at which micoorganisms decomposes organic mat-
ter is significantly influenced by the C/N ratio in compost.
The initial C/N ratio for both control and lime-amended
compost were 19 and, 22 respectively (Fig. 2D). If the
initial C/N ratio is high, the initial decomposition process
will be slowed leading to consumption of longer duration
for maturation [42]. However, the lime-amended compost
experienced a reduction in the C/N ratio by the end of the
composting process. In this study, the addition of lime to
chicken manure and agricultural waste resulted in a higher
C/N ratio when compared to the control treatment without
lime. The supplement of a nitrogen source such as chicken
manure and agricultural waste in the presence of lime could
have accelerated the decomposition process. In general, the
rate of decomposition with high initial C/N ratio was faster
than the compost with a low initial C/N ratio. Compost with
a C/N ratio below 20 is considered to be proper [43, 44],
however, ranges between 10 and 15 indicate a good degree
of maturity of the compost [45]. The C/N ratio of the lime-
treated compost obtained in this study aligns with the C/N
ratio value of 15.

Gaseous Emissions
CO2 Emissions

The rate of CO, emissions can be used to quantify the micro-
bial activity in the compost [46]. High oxygen demand and
CO,emission ratesindicate the instability of the compost
[47]. Since the stability of the compost affects nitrogen
immobilization and phytotoxicity, it is a crucial component
to evaluate the quality of compost. The CO, emission rates
began relatively low for both treatments, with 8500 and
0 ppm for control and lime-treated mixtures, respectively
(Fig. 2E). In the initial composting, CO, emission observed
in the lime-amended mixture is an indication of delayed
microbial activity, which is expected since the lime creates
an alkaline environment that temporarily inhibits the micro-
bial activity until acclimatization [48]. As the composting
progressed, the control mixture experienced its peak of
115,000 ppm on the 5th day. Whereas, lime-treated mixtures
exhibited a slower initial increase in CO, emissions, peak-
ing on the 11th day at 145,000 ppm, surpassing the control.
The CO, emissions in the lime-treated mixture continued to
greater peaks reaching 155,000 ppm on day 13, while con-
trol remained significantly low at 33,000 ppm. The delays
of CO, generation are typical characteristics because lime is
being used. Lime initially inhibits the microbial activity but
then stimulates it more effectively as the environment sta-
bilizes with changes in pH that support the decomposition
of organic matter at an accelerated rate [49]. Then the emis-
sions in both mixtures steadily decreased and reached 550
and 1000 ppm for control and lime-treated mixtures, respec-
tively. This indicates that the compost has reached stability.

NH3 Emissions

In addition to CO, emissions, NH; emissions are a signifi-
cant event and the main source of nitrogen loss that lowers
the quality of the compost [50]. NH; is a notable indirect
GHG that causes malodors and contributes to environmental
pollution and global warming. It was suggested by Onwosi
and colleagues that lime amendments in composting mix-
tures could mitigate global warming [26]. A high level of
NH; emission was observed in both treatments during the
thermophilic phase (Fig. 2F). A pH increase is known to
increase NH; emissions, particularly between 6.0 and 8.8.
A pH of around 7.5 enhances the NH,"/NH; ratio, which
increases the release of NH; [51]. The organic nitrogen
compounds in the composting mixture are rapidly mineral-
ized to NH,", which is released as NH; during the thermo-
philic and alkaline phases of composting.

In this study, the control treatment showed high NH,
emissions, peaking at 7000 ppm on Day 6. This is because
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of an increase in pH which causes intensified decomposition
and accumulation of NH," leading to significant emissions
of NH;. The lime-treated mixtures initially exhibited high
NHj; emissions which then rapidly declined falling to just
50 ppm by day 5. This decline is advantageous and can be
attributed to the rapid formation of stable compounds such
as struvite and the interaction of NH;/NH," with lime addi-
tives, which reduces NH; volatilization [31]. This is facili-
tated by the alkaline condition created by lime amendment
and it aligns with the pH trend observed in our study. Over
the composting period, the lime-amended mixture exhibited
lower NH; emissions compared to the control, thus, promot-
ing N retention. The lime-treated mixtures reduced overall
NH; emissions by a significant margin, highlighting its
effectiveness in mitigating nitrogen loss during composting,
making the final product higher in nutrients. Further, this is
beneficial in minimizing the environmental impact caused
by NH, emissions [52].

Nitrogen Conservation
Ammoniacal Nitrogen

The NH,"-N and NO; -N contents during the composting
were also noted. The initial levels of NH,"-N were found
to be very high in the control mixtures compared to lime-
treated mixtures. Over the composting period, both the treat-
ments experienced a decline which was more pronounced in
the lime-amendedmixture. The findings showed that at the
carly stages of composting, in lime-amended mixtures, the
quantities of extractable NH,*-N increased before rapidly
stabilizing at the end of composting. The rapid decline of the
lime-amended mixture as shown in Fig. 3(A) could be due
to the enhanced microbial activity and the buffering effect of
lime [53], which helps in regularizing the pH and promoting
the conversion of NH," to NO; instead of volatilization as
NH; [26]. These results show that lime amendment reduces
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nitrogen losses through volatilization and contributes to the
overall nutrient stability of the compost. The results of the
present study are consistent with previous reports on lime
amendment in composting food and kitchen waste [54, 55].
Further, the lower ammoniacal nitrogen levels observed in
lime-treated mixtures highlight its importance in the effec-
tive management of nitrogen forms, making it a suitable
material to reduce nitrogen loss and enhance the quality of
the final product.

Nitrate Nitrogen

The dynamic differences in the NO;—N content between
both treatments are given in Fig. 3(B). At the initial stage,
the control mixture had low nitrogen levels (22 mg/kg),
which increased very gradually and reached 770 mg/kg by
the end of the composting period. Whereas, the lime-treated
mixture at the initial stages showed 190 mg/kg which
increased and reached 1790 mg/kg by the end of compost-
ing. This significant difference is due to the influence of pH
and microbial activity. The increased pH in lime-treated
mixtures observed during the initial stages enhances nitrifi-
cation which is more efficient in higher pH. This pH favors
the nitrifying bacteria that convert ammonium into nitrate
(NH,'— NO;") [56]. It also implies that limeamendment
not only accelerates the nitrification process but also helps
in overall nitrogen conversion [23]. The peak nitrate level
of 179 mg/kg implies that lime effectively accelerated the
nitrogen conversion processes, leading to increased stability
and maturity of compost when compared to control. Higher
nitrate concentrations are often associated with more mature
compost, which is beneficial for agricultural applications
due to its nutrient availability and stability [57].
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Fig. 3 Profile of NH;-N (A), and NO;-N (B) in the lime-treated composting group
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Comparison of the Taxonomic Compositions
Phylum Level

Taxonomic analysis of the samples at the phylum level
showed that Firmicutes, Actinobacteria, Proteobacteria,
and Bacteroidota were dominant (Fig. 4A). When lime was
applied to compost, the relative abundance of Proteobacte-
ria decreased compared to the control (22.50% and 15.58%,
respectively) where Proteobacteria are known for their sig-
nificant roles in organic matter decomposition and Actino-
bacteriota increased (23.29 to 31.85%, respectively) which
also plays a key role in breaking down complex organic
materials. During the composting period, Firmicutes which
help in nitrogen recycling commonly increased in the
thermophilic phase (47.88—67.21%), and compared to the
control group, the lime treatment group showed a higher
abundance (51.22 to 93.43%). The dominance of Firmicutes
and Actinobacteriota during the mesophilic phase is consis-
tent with their role in the degradation of complex organic
matter during the early stages of composting, particularly
under lower temperatures [58]. Lime treatment appeared
to reduce the presence of certain phyla like Bacteroidota,
while increasing the abundance of Planctomycetota and
Patescibacteria, which may indicate a shift in microbial
activity related to the alkaline conditions introduced by
lime. Compared to the control group, Firmicutes and Gem-
matimonadota accounted for a higher proportion in the lime
treatment group. This can be confirmed by clearly distin-
guishing between the lime treatment group and the control
group due to the change in temperature profile accord-
ing to lime injection in terms of the compost community
structure. In the curing phase, the control group showed a
revival of Actinobacteriota and Proteobacteria, indicating a
stabilization of microbial communities as the temperature
decreased. The lime-treated compost displayed a similar
trend, with Actinobacteriota and Proteobacteria maintaining
their presence. Chloroflexi and Bdellovibrionota were also
notable in the lime treatment, which suggests diversification
of microbial populations due to improved nitrogen retention
and the less acidic environment [59]. During the maturation
phase, the lime-treated group displayed a higher propor-
tion of Actinobacteriota, suggesting better organic matter
degradation and nitrogen conservation. The lime treatment
may also promote the growth of microorganisms involved
in humification, contributing to the overall quality of the
compost [52]. These results indicate that the application of
lime leads to distinct differences between the lime-treated
and control groups, attributed to changes in temperature
profiles and microbial community structures. It potentially
favours the microbes that survive in more alkaline environ-
ments and shifts the balance of those involved in nutrient

cycling, particularly nitrogen and carbon decomposition.
This microbial shift could be correlated with the observed
differences in nitrogen retention and emissions since some
microbes are more efficient in ammonia oxidation or nitrifi-
cation under certain pH levels.

Class Level

The taxonomic analysis at the class level shows the dynam-
ics in microbial community structure in both treatment. Heat
tree analysis was performed for a better understanding of the
community structure (Fig. SA & B). During the mesophilic
phase, in the control treatment, Bacilli (30.21) and Actino-
bacteria (23.28) were the most abundant classes followed
by Clostridia (17.09) and Gammaproteobacteria (15.32)
(Fig. 4B). Anaerolinae and Thermoleophilia were also pres-
ent in smaller proportions which indicates the diversity
even in oxygen-limited environments. In the lime-amended
treatment, similar dominant classes with significant shifts
were observed during the mesophilic phase. Actinobacte-
ria (31.84) and Clostridia (23.28) increased while Bacilli
(27.09) and Gammaproteobacteria (8.53) decreased which
is likely due to the rapid pH changes induced by lime, which
create an alkaline environment affecting microbial activity
and nutrient utilization.

During the thermophilic phase of the control group, an
increase in actinobacteria (28.67) and bacilli (62.06) was
observed which gradually decreased in the maturation phase
(13.08 and 42.32). Actinobacteria plays a key role in the
decomposition of complex organic matter such as cellulose
and lignin, particularly in the early and midstages of com-
posting. Whereas in the limeamended group, Actinobacte-
ria, Clostridia and Bacteroidia decreased (6.11, 6.59, and
1.55, respectively) while Bacilli increased to 85.22 and sta-
bilized to around 42.25 by the end of the maturation phase.
The lime amendment altered the conditions for anaerobic
microbes, potentially by enhancing aeration or increasing
pH. The sharp increase in Bacilli during the thermophilic
phase, especially in the lime-treated group, indicates that
this class is highly adapted to high temperatures and alka-
line conditions, playing a crucial role in the breakdown of
organic matter during composting [60].

In the control group, Actinobacteria and Clostridia
decreased and nearly disappeared by the curing and matu-
ration phases. The decline of Clostridia suggests that this
class is more active in the initial breakdown of organic mat-
ter under anaerobic conditions but cannot tolerate extreme
heat or alkaline conditions during the thermophilic phase.
Whereas Bacilli remained high in the curing and maturation
phases. Gammaproteobacteria and Bacteroidia that dropped
during the thermophilic phase began to recover during cur-
ing and continued to increase during the maturation phase.
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Fig. 4 Taxonomic analysis of thecontrol andlime-
treated composting group: (A) Phylum-level, (B)
Class-level, and (C) Genus-level
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In the case of lime-amended treatment, Bacilli followed
similar trends as in the control group but Actinobacteria,
Alphaproteobacteria and Gammaproteobacteria slightly
recovered during the maturation phase (14.06, 10.86 and
5.74). This trend suggests that Actinobacteria are sensitive
to both high temperatures and alkaline conditions, espe-
cially during the thermophilic phase. However, they tend to
recover in the later stages when conditions become more
stable and favorable for their growth. The recovery of Alp-
haproteobacteria indicates itsrole in nitrogen stabilization
during the cooling down and stabilization phases of com-
posting. The decrease in Bacteroidia is beneficial as it helps
suppress pathogenic microorganisms, reduce unpleasant
odors, and improve compost quality. Microbes that survive
in neutral to slightly acidic conditions including Bactroidia,
struggle to survive in the high pH environment caused by
lime amendment. The alkaline conditions disrupt the pepti-
doglycan layer and outer membrane structure of microbes,
damaging their cell walls and impairing their functions [61].
The alkaline environment further favors the growth of ben-
eficial microorganisms like Firmicutes and Actinobacteria,
which compete with Bacteroidia for nutrients, enhancing
organic matter decomposition efficiency. The reduction in
Bacteroidia also mitigates the spread of antibiotic resistance
genes [62], resulting in safer compost for agricultural use.

Genus Level

The genus-level taxonomic analysis of the samples high-
lighted the high diversity of microbiota in both treatments
(Fig. 4C). A notable feature was the significant genus-level
distinction between the control and lime-amended treat-
ments. During the mesophilic phase, in the control group,
genera such as Peptostreptococcaceae Romboutsia (13.04)
and Corynebacteriaceae_Corynebacterium (6.26) were
highly abundant. Romboutsia and Corynebacterium are
typically involved in early-stage organic matter breakdown,
particularly proteins. The lime-treated mesophilic phase
showed similar diversity with elevated relative abundance
of both the genera Romboutsia (17.19) and Corynebacte-
rium (17.47), reflecting its versatility across varying pH lev-
els and its role in early composting processes.

The thermophilic phase, characterized by elevated tem-
peratures, exhibited significant bacterial shifts. In the con-
trol group, Corynebacterium (17.41%) and Romboutsia
(1.62%) remained prominent. However, these genera were
absent in lime-treated samples suggesting its sensitivity to
alkaline conditions caused by lime addition. Conversely, in
the lime-treated group, alkaliphilic genera such as Oceano-
bacillus (29.50%) and Sinibacillus (13.89%) were domi-
nant, highlighting their resilience and adaptive advantage
in alkaline conditions. Additionally, Pseudogracilibacillus
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(9.47%), suggesting that lime addition fosters a thermophilic
bacterial community better suited for enhanced decomposi-
tion and nitrogen retention. It is particularly known for its
ability to degrade complex organic substrates under high-
temperature, alkaline conditions [63], further promoting
efficient composting during this phase. Moreover, Ato-
postipes (5.92%) were only found in control while Ther-
mobifida (1.65%) and Caldicoprobacter (3.00%) appeared
exclusively in lime-treated groups. This indicates that lime
promotes thermophilic, cellulolytic, and proteolytic bacte-
ria are capable of accelerating organic matter degradation
and nitrogen conservation under the higher temperature and
pH conditions of the thermophilic phase. As the compost
enters the maturation phase, microbial activity slows, and
the community shifts to bacteria that help in stabilizing
the compost. In the control genera such as Oceanobacil-
lus (11.53%), Flavobacteriaceae (8.66%) and Sinibacillus
(2.51%) maintained a significant presence, suggesting their
involvement in the final stages of organic matter decompo-
sition. In contrast, the lime-treated group displayed a micro-
bial community enriched with thermophilic and alkaliphilic
genera. Oceanobacillus (14.99) remained highly abundant
along with Thermobifida (2.49) and Thermobacillus (3.53).
The persistence of these genera throughout the thermo-
philic and maturation phases reflects their role in main-
taining nitrogen conservation and stabilizing the compost.
Additionally, the presence of Saccharomonospora (6.99%)
in lime-treated samples suggests that these actinomycetes
are favored in alkaline environments and may contribute to
the final breakdown of recalcitrant compounds. The genera
Pseudomonas and Corynebacterium, while abundant in the
early and thermophilic phases of the control treatments,
were largely absent in the lime-treated samples, indicating
their sensitivity to alkaline conditions created by the lime
addition. The decline of these genera in the lime treatments
could contribute to a more efficient nitrogen conservation
process, as Pseudomonas species are often associated with
denitrification [64], which leads to nitrogen loss in compost.
The overall effect of lime treatment promotes a microbial
community that favors nitrogen conservation and organic
matter breakdown, particularly in alkaline and thermophilic
conditions, aligning with the composting goals of enhancing
nitrogen retention and reducing environmental emissions.

Alpha Diversity Analysis

Figure 6 represents the comparative analysis of the alpha
diversity of control and lime amended composts. This
provides the details about the richness and evenness of
the microbiota in the two different treatments. In this, the
Chaol index indicates the species richness. During the early
stages of composting, Chaol index of both control and lime
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treatments had a high and comparable species richness. By
day 10, there was a notable decline in species richness in
both the treatments, but the lime-amended treatment exhib-
ited slightly lower Chaol index compared to the control.
By day 17, species richness in both treatments increased
again, where lim-amended treatment showed slightly higher
Chaol index. The lime-treated group potentially supported
the growth of new, alkaliphilic species, which could explain
the slightly higher species richness at this point. By the end
of composting, species richness returned to or exceeded
their initial values in both the treatments, again with slightly
higher in lime-treated compost. This could indicate that the
lime treatment allowed for the survival and growth of a more
diverse set of microbes adapted to higher pH levels by the

end of the composting process [29]. Similar to Chaol, the
ACE index also estimates the species richness. The distribu-
tion of ACE values are found to be similar to that of Chaol.
Since the values of the lime-amended treatment is wider,
it indicates more viability in richness. This also reflect the
changes in microbiota due to lime amendment that supports
certain organisms that has the ability to survive in higher
pH levels.

Shannon index combines both richness and evenness
[65]. At the beginning of the composting process, Shannon
index showed slightly higher diversity in the control than
the lime-amended treatment. By day 10, both the treatments
experienced a notable decline in Shannon diversity, with
lime amendment showing slightly lower than the control.
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This recovered by day 17, with control treatment showing
Shannon index slightly higher than the lime-amended treat-
ment. The lower Shannon index in lime-amendment suggests
a pronounced uneven community, in which a few domi-
nant species might thrive while others are less represented.
Whereas, by the end of composting period, Shannon diver-
sity returns to levels close to or even below the initial values
in both the treatments, with slightly higher in lime-amend-
ment, which suggests that, over time, both treatments foster
a diverse microbial ecosystem, though the trajectory differs.
The Simpson index focuses more on evenness and the
dominance of species. The Simpson index measures the prob-
ability that two individuals randomly selected from a sample
will belong to the same species, with values closer to 1 indi-
cating higher diversity. During the initial stages, the Simpson
index was higher in control group than lime-amended group
indicating an evenly distributed microbial population in the
control group. Further, both the groups experienced a similar
decline which was recovered in the later stages of the con-
trol group but remained low in lime-amended group. By the
end of composting period, Simpson index of both the groups
were similar to that of initial stages with slightly higher val-
ues in control than lime-amendment. However, the difference
between both the groups is very minimal. Overall, the control
group maintains the microbial population more uniformly
dispersed during the composting process, but the lime treat-
ment seems to have a higher selective influence on microbial
diversity, especially in the early and mid-phases. The micro-
bial community in the lime-treated compost is more diverse,
with certain species favoring the alkaline conditions, result-
ing in a decrease in overall diversity. This implies adding lime
amendment affects the microbial environment by encourag-
ing alkaliphilic species to predominate while suppressing oth-
ers, especially those that are susceptible to higher pH values.

Conclusions

As a co-additive to livestock waste composting, hydrated
lime has been shown to enhance nitrogen conservation. In
composting, poultry manure supplies vital nutrients like
nitrogen, phosphorus, and potassium that promote microbial
activity. Maintaining the ratio of nutrients was possible with
agricultural waste, which served as a useful carbon source.
Lime amendment in co-composting poultry manure and
agricultural waste provided an ideal environment for micro-
bial activity, speeding up the decomposition process and
ensuring nutrient-rich compost. The reduction of ammonia
emissions led to a lower ammoniacal nitrogen level and a
higher nitrate level in the final product. The C/N ratio of 15
in lime-treated compost indicates the maturity of the end
product. The co-composting process improves compost
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quality while minimizing pollution to the environment.
Overall, the addition of hydrated lime offers a potential
approach to maximize the poultry waste composting proce-
dures, supports environmental friendly waste management
techniques, and produces high-quality compost.

Acknowledgements This work was carried out with the support of
‘Cooperative Research Program for Agriculture Science and Tech-
nology Development (Project No. PJ01703902)° Rural Development
Administration, Korea.

Data Availability All data used for the research are provided in the
article.

Declarations

Competing Interest The authors declare that they have no known
competing financial interests or personal relationships that could have
appeared to influence the work reported in this paper.

References

1.  Koop, S.H.A., van Leeuwen, C.J.: The challenges of water, waste
and climate change in cities. Environ. Dev. Sustain. 19, 385418
(2017). https://doi.org/10.1007/s10668-016-9760-4

2. Manogaran, M.D., Mansor, N., Affendi, N.M.N., Baloo, L., Sale-
huddin, N.E.: Optimisation of diallyl disulfide concentration and
effect of soil condition on urease inhibition. Plant. Soil. Environ.
66, 81-85 (2020). https://doi.org/10.17221/617/2019-PSE

3. Lee,J., Choi, D, Ok, Y.S., Lee, S.-R., Kwon, E.E.: Enhancement
of energy recovery from chicken manure by pyrolysis in carbon
dioxide. J. Clean. Prod. 164, 146—152 (2017). https://doi.org/10.1
016/j.jclepro.2017.06.217

4.  Abdeshahian, P., Lim, J.S., Ho, W.S., Hashim, H., Lee, C.T.:
Potential of biogas production from farm animal waste in Malay-
sia. Renew. Sustain. Energy Rev. 60, 714723 (2016). https://doi
.org/10.1016/j.rser.2016.01.117

5. Kacprzak, M., Malinska, K., Grosser, A., Sobik-Szoltysek, J.,
Wystalska, K., Drozdz, D., Jasinska, A., Meers, E.: Cycles of
carbon, nitrogen and phosphorus in poultry manure management
technologies—environmental aspects. Crit. Rev. Environ. Sci.
Technol. 53, 914-938 (2023). https://doi.org/10.1080/10643389
.2022.2096983

6. Hashim, N., Ghani, M.A., Emran, M.F., Besar, M.B.: Optimizing
application of Melaleuca cajuputi biochar on removing H2S odour
from poultry manure. J. Adv. Res. Appl. Sci. Eng. Technol. 47,
199-205 (2024). https://doi.org/10.37934/ARASET.47.1.199205

7. Khodadadi, M., Masoumi, A., Sadeghi, M.: Drying, a practical
technology for reduction of poultry litter (environmental) pollu-
tion: Methods and their effects on important parameters. Poult. Sci.
103, 104277 (2024). https://doi.org/10.1016/J.PSJ.2024.104277

8. Hojjati-Najafabadi, A., Farahbakhsh, E., Gholamalian, G., Feng,
P., Davar, F., Aminabhavi, T.M., Vasseghian, Y., Kamyab, H.,
Rahimi, H.: Controllable synthesis of nanostructured flower-
like cadmium sulfides for photocatalytic degradation of methyl
orange under different light sources. J. Water Process. Eng. 59,
105002 (2024). https://doi.org/10.1016/J.JWPE.2024.105002

9. Jedrczak, A., Krolik, D., Sadecka, Z., Myszograj, S., Suchowska-
Kisielewicz, M., Bojarski, J.: Testing of co-fermentation of poul-
try manure and corn silage. Civ. Environ. Eng. Rep. 13, 31-47
(2014). https://doi.org/10.2478/ceer-2014-0013


https://doi.org/10.1007/s10668-016-9760-4
https://doi.org/10.17221/617/2019-PSE
https://doi.org/10.1016/j.jclepro.2017.06.217
https://doi.org/10.1016/j.jclepro.2017.06.217
https://doi.org/10.1016/j.rser.2016.01.117
https://doi.org/10.1016/j.rser.2016.01.117
https://doi.org/10.1080/10643389.2022.2096983
https://doi.org/10.1080/10643389.2022.2096983
https://doi.org/10.37934/ARASET.47.1.199205
https://doi.org/10.1016/J.PSJ.2024.104277
https://doi.org/10.1016/J.JWPE.2024.105002
https://doi.org/10.2478/ceer-2014-0013

Waste and Biomass Valorization (2025) 16:3467-3482

3481

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Brassard, P., Godbout, S., Palacios, J.H., Jeanne, T., Hogue, R.,
Dubgé, P., Limousy, L., Raghavan, V.: Effect of six engineered bio-
chars on GHG emissions from two agricultural soils: A short-term
incubation study. Geoderma. 327, 73—84 (2018). https://doi.org/1
0.1016/j.geoderma.2018.04.022

Zhang, L., Li, L., Pan, X., Shi, Z., Feng, X., Gong, B., Li, J.,
Wang, L.: Enhanced growth and activities of the dominant func-
tional microbiota of chicken manure composts in the presence of
maize straw. Front. Microbiol. 9 (2018). https://doi.org/10.3389/f
micb.2018.01131

Tripathi, N., Hills, C.D., Singh, R.S., Atkinson, C.J.: Biomass
waste utilisation in low-carbon products: Harnessing a major
potential resource. Npj Clim. Atmos. Sci. 2, 35 (2019). https://do
i.org/10.1038/s41612-019-0093-5

Wang, S., Zeng, Y.: Ammonia emission mitigation in food waste
composting. A review. (2018)

Kaab, A., Sharifi, M., Mobli, H., Nabavi-Pelesaraei, A., Chau, K.:
Combined life cycle assessment and artificial intelligence for pre-
diction of output energy and environmental impacts of sugarcane
production. Sci. Total Environ. 664, 1005-1019 (2019). https://d
oi.org/10.1016/j.scitotenv.2019.02.004

Shyamsundar, P., Springer, N.P., Tallis, H., Polasky, S., Jat, M.L.,
Sidhu, H.S., Krishnapriya, P.P., Skiba, N., Ginn, W., Ahuja, V.,
Cummins, J., Datta, 1., Dholakia, H.H., Dixon, J., Gerard, B.,
Gupta, R., Hellmann, J., Jadhav, A., Jat, H.S., Keil, A., Ladha,
J.K., Lopez-Ridaura, S., Nandrajog, S.P., Paul, S., Ritter, A.,
Sharma, P.C., Singh, R., Singh, D., Somanathan, R.: Fields on
fire: Alternatives to crop residue burning in India. Sci. (80-). 365,
536-538 (2019). https://doi.org/10.1126/science.aaw4085
Bracco, S., Calicioglu, O., Gomez San Juan, M., Flammini, A.:
Assessing the contribution of bioeconomy to the total economy:
A review of national frameworks. Sustainability. 10, 1698 (2018).
https://doi.org/10.3390/sul0061698

Scarlat, N., Dallemand, J.-F., Fahl, F.: Biogas: Developments and
perspectives in Europe. Renew. Energy. 129, 457-472 (2018).
https://doi.org/10.1016/j.renene.2018.03.006

Scarlat, N., Dallemand, J.-F., Monforti-Ferrario, F., Nita, V.: The
role of biomass and bioenergy in a future bioeconomy: Policies
and facts. Environ. Dev. 15, 3-34 (2015). https://doi.org/10.1016
/j.envdev.2015.03.006

Wang, X., Selvam, A., Chan, M., Wong, J.W.C.: Nitrogen conser-
vation and acidity control during food wastes composting through
struvite formation. Bioresour Technol. 147, 17-22 (2013). https:/
/doi.org/10.1016/j.biortech.2013.07.060

Awasthi, M.K., Wang, Q., Huang, H., Ren, X., Lahori, A.H.,
Mahar, A., Ali, A., Shen, F., Li, R., Zhang, Z.: Influence of zeolite
and lime as additives on greenhouse gas emissions and maturity
evolution during sewage sludge composting. Bioresour Technol.
216, 172—-181 (2016). https://doi.org/10.1016/j.biortech.2016.05.
065

Yu, J., Gu, J., Wang, X., Guo, H., Wang, J., Lei, L., Dai, X., Zhao,
W.: Effects of inoculation with lignocellulose-degrading micro-
organisms on nitrogen conversion and denitrifying bacterial
community during aerobic composting. Bioresour Technol. 313,
123664 (2020). https://doi.org/10.1016/j.biortech.2020.123664
Zhang, L., Shi, T., Xu, Z., Bao, Z., Li, J., Li, G., Yuan, J.: Effect
of lime and calcium magnesium phosphate on gaseous emissions,
maturity, and bacterial dynamics during food waste composting.
Environ. Technol. Innov. 32, 103306 (2023). https://doi.org/10.1
016/J.ET1.2023.103306

Wong, J.W.C., Wang, X., Selvam, A.: Improving compost qual-
ity by controlling nitrogen loss during composting. In: Jonathan
W.-C. Wong, Rajeshwar D. Tyagi, Ashok Pandey. (Eds.) Current
Developments in Biotechnology and Bioengineering, Elsevier
pp- 59-82. (2017). ISBN9780444636645. https://doi.org/10.101
6/B978-0-444-63664-5.00004-6

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Chen, Z., Fu, Q., Cao, Y., Wen, Q., Wu, Y.: Effects of lime amend-
ment on the organic substances changes, antibiotics removal, and
heavy metals speciation transformation during swine manure
composting. Chemosphere. 262, 128342 (2021). https://doi.org/
10.1016/j.chemosphere.2020.128342

Zhang, L., Sun, X.: Improving green waste composting by addi-
tion of sugarcane bagasse and exhausted grape marc. Bioresour
Technol. 218, 335-343 (2016). https://doi.org/10.1016/j.biortech.
2016.06.097

Onwosi, C.O., Igbokwe, V.C., Odimba, J.N., Eke, L.E., Nwank-
woala, M.O., Iroh, I.N., Ezeogu, L.I.: Composting technology in
waste stabilization: On the methods, challenges and future pros-
pects. (2017)

Wang, M., Wu, Y., Zhao, J., Liu, Y., Gao, L., Jiang, Z., Zhang, J.,
Tian, W.: Comparison of composting factors, heavy metal immo-
bilization, and microbial activity after biochar or lime application
in straw-manure composting. Bioresour Technol. 363, 127872
(2022). https://doi.org/10.1016/j.biortech.2022.127872
Chinakwe, E.C., Ibekwe, V.I., Ofoh, M.C., Nwogwugwu, N.U.,
Adeleye, S.A., Chinakwe, P.O., Nwachukwu, LN., Thejirika,
C.E.: Effect of temperature changes on the bacterial and fungal
succession patterns during composting of some organic wastes in
greenhouse. J. Adv. Microbiol. 1-10 (2019). https://doi.org/10.97
34/jamb/2019/v15i130075

Wang, P., Han, S., Lin, Y.: Role of microbes and microbial
dynamics during composting. In: Pandey A, Awasthi M, Zhang Z.
(Eds.) Current Developments in Biotechnology and Bioengineer-
ing, Elsevier. pp 169-220. (2023). ISBN 9780323918749. https:/
doi.org/10.1016/B978-0-323-91874-9.00011-5

Zhang, L., Gao, X., Shi, T., Xu, Z., Li, G., Luo, W.: Regulating
aeration intensity to simultaneously improve humification and
mitigate gaseous emissions in food waste digestate composting:
Performance and bacterial dynamics. Sci. Total Environ. 889,
164239 (2023). https://doi.org/10.1016/j.scitotenv.2023.164239
Xu, Z., Qi, C.,, Zhang, L., Ma, Y., Li, G., Nghiem, L.D., Luo,
W.: Regulating bacterial dynamics by lime addition to enhance
kitchen waste composting. Bioresour Technol. 341, 125749
(2021). https://doi.org/10.1016/j.biortech.2021.125749

Gondek, M., Weindorf, D.C., Thiel, C., Kleinheinz, G.: Soluble
salts in compost and their effects on soil and plants: A review.
Compost Sci. Util. 28, 59—75 (2020). https://doi.org/10.1080/106
5657X.2020.1772906

Wichern, F., Islam, M.R., Hemkemeyer, M., Watson, C., Joer-
gensen, R.G.: Organic amendments alleviate salinity effects on
soil microorganisms and mineralisation processes in aerobic and
anaerobic paddy rice soils. Front. Sustain. Food Syst. 4 (2020).
https://doi.org/10.3389/fsufs.2020.00030

Varma, V., Ramu, K., Kalamdhad, A.: Effects of waste lime
sludge on nitrogen dynamics and stability of mixed organic waste
using rotary drum composter. Int. J. Env Res. 9, 395-404 (2015)
Singh, J., Kalamdhad, A.S.: Chemical speciation of heavy metals
in compost and compost amended soil — a review. Int. J. Envi-
ron. Eng. Res. 2, 27-37 (2013)

Li, Y., Luo, W,, Li, G., Wang, K., Gong, X.: Performance of
phosphogypsum and calcium magnesium phosphate fertilizer for
nitrogen conservation in pig manure composting. Bioresour Tech-
nol. 250, 53—59 (2018). https://doi.org/10.1016/j.biortech.2017.0
7.172

Kalamdhad, A.S., Kazmi, A.A.: Effects of turning frequency on
compost stability and some chemical characteristics in a rotary
drum composter. Chemosphere. 74, 1327-1334 (2009). https://do
i.org/10.1016/j.chemosphere.2008.11.058

Haynes, R.J., Beare, M.H.: Aggregation and organic matter stor-
age in meso-thermal, humid soils. In: Carter, M.R. and Stewart,
B.A., (Eds.) Structure and Organic Matter Storage in Agricultural
Soils, pp. 213-262. CRC Press (2020).

@ Springer


https://doi.org/10.1016/j.chemosphere.2020.128342
https://doi.org/10.1016/j.chemosphere.2020.128342
https://doi.org/10.1016/j.biortech.2016.06.097
https://doi.org/10.1016/j.biortech.2016.06.097
https://doi.org/10.1016/j.biortech.2022.127872
https://doi.org/10.9734/jamb/2019/v15i130075
https://doi.org/10.9734/jamb/2019/v15i130075
https://doi.org/10.1016/B978-0-323-91874-9.00011-5
https://doi.org/10.1016/B978-0-323-91874-9.00011-5
https://doi.org/10.1016/j.scitotenv.2023.164239
https://doi.org/10.1016/j.biortech.2021.125749
https://doi.org/10.1080/1065657X.2020.1772906
https://doi.org/10.1080/1065657X.2020.1772906
https://doi.org/10.3389/fsufs.2020.00030
https://doi.org/10.1016/j.biortech.2017.07.172
https://doi.org/10.1016/j.biortech.2017.07.172
https://doi.org/10.1016/j.chemosphere.2008.11.058
https://doi.org/10.1016/j.chemosphere.2008.11.058
https://doi.org/10.1016/j.geoderma.2018.04.022
https://doi.org/10.1016/j.geoderma.2018.04.022
https://doi.org/10.3389/fmicb.2018.01131
https://doi.org/10.3389/fmicb.2018.01131
https://doi.org/10.1038/s41612-019-0093-5
https://doi.org/10.1038/s41612-019-0093-5
https://doi.org/10.1016/j.scitotenv.2019.02.004
https://doi.org/10.1016/j.scitotenv.2019.02.004
https://doi.org/10.1126/science.aaw4085
https://doi.org/10.3390/su10061698
https://doi.org/10.1016/j.renene.2018.03.006
https://doi.org/10.1016/j.envdev.2015.03.006
https://doi.org/10.1016/j.envdev.2015.03.006
https://doi.org/10.1016/j.biortech.2013.07.060
https://doi.org/10.1016/j.biortech.2013.07.060
https://doi.org/10.1016/j.biortech.2016.05.065
https://doi.org/10.1016/j.biortech.2016.05.065
https://doi.org/10.1016/j.biortech.2020.123664
https://doi.org/10.1016/J.ETI.2023.103306
https://doi.org/10.1016/J.ETI.2023.103306
https://doi.org/10.1016/B978-0-444-63664-5.00004-6
https://doi.org/10.1016/B978-0-444-63664-5.00004-6

3482

Waste and Biomass Valorization (2025) 16:3467-3482

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

SI.

52.

Margaritis, M., Psarras, K., Panaretou, V., Thanos, A.G., Mala-
mis, D., Sotiropoulos, A.: Improvement of home composting pro-
cess of food waste using different minerals. Waste Manag. 73,
87—-100 (2018). https://doi.org/10.1016/j.wasman.2017.12.009
de Guardia, A., Mallard, P., Teglia, C., Marin, A., Le Pape, C.,
Launay, M., Benoist, J.C., Petiot, C.: Comparison of five organic
wastes regarding their behaviour during composting: Part 1, bio-
degradability, stabilization kinetics and temperature rise. Waste
Manag. 30, 402414 (2010). https://doi.org/10.1016/j.wasman.2
009.10.019

Fatma Zohra, D., Mokhtaria, M.M., Zoubida, L., Huyop, F.,
Gunam, [.B.W.: Comparison of the evolution of physicochemical
and microbial characteristics of the wastes, those most commonly
generated in Algeria during composting. Int. J. Recycl Org. Waste
Agric. 11, (2022)

Gao, M., Liang, F., Yu, A., Li, B, Yang, L.: Evaluation of stability
and maturity during forced-aeration composting of chicken manure
and sawdust at different C/N ratios. Chemosphere. 78, 614—619
(2010). https://doi.org/10.1016/j.chemosphere.2009.10.056
El-mrini, S., Aboutayeb, R., Zouhri, A.: Effect of initial C/N
ratio and turning frequency on quality of final compost of Turkey
manure and olive pomace. J. Eng. Appl. Sci. 69, 37 (2022). https:/
/doi.org/10.1186/s44147-022-00092-6

Karmegam, N., Jayakumar, M., Govarthanan, M., Kumar, P.,
Ravindran, B., Biruntha, M.: Precomposting and green manure
amendment for effective vermitransformation of hazardous coir
industrial waste into enriched vermicompost. Bioresour Technol.
319, 124136 (2021). https://doi.org/10.1016/j.biortech.2020.1241
36

Azis, F.A., Choo, M., Suhaimi, H., Abas, P.E.: The effect of initial
carbon to nitrogen ratio on kitchen waste composting maturity.
Sustainability. 15, 6191 (2023). https://doi.org/10.3390/sul5076
191

Cao, Y., Wang, X., Misselbrook, T., Wang, R., Zheng, X., Ma,
L.: Quantification of N and C cycling during aerobic composting,
including automated direct measurement of N2, N20, NO, NH3,
CO2 and CH4 emissions. Sci. Total Environ. 857, 159177 (2023).
https://doi.org/10.1016/j.scitotenv.2022.159177

Guo, R., Li, G., Jiang, T., Schuchardt, F., Chen, T., Zhao, Y., Shen,
Y.: Effect of aeration rate, C/N ratio and moisture content on the
stability and maturity of compost. Bioresour Technol. (2012).
https://doi.org/10.1016/j.biortech.2012.02.099

Koyama, M., Nagao, N., Syukri, F., Yusoff, F.M., Toda, T., Quyen,
T.N.M., Nakasaki, K.: Effect of ca(OH), dosing on thermophilic
composting of anaerobic sludge to improve the NH3 recovery.
Sci. Total Environ. 670, 1133—1139 (2019). https://doi.org/10.10
16/j.scitotenv.2019.03.320

Holland, J.E., Bennett, A.E., Newton, A.C., White, P.J., McK-
enzie, B.M., George, T.S., Pakeman, R.J., Bailey, J.S., Fornara,
D.A., Hayes, R.C.: Liming impacts on soils, crops and biodiver-
sity in the UK: A review. Sci. Total Environ. 610-611 (2018).
https://doi.org/10.1016/j.scitotenv.2017.08.020

Kim, J.K., Lee, D.J., Ravindran, B., Jeong, K.H., Wong, J.W.C.,
Selvam, A., Karthikeyan, O.P., Kwag, J.H.: Evaluation of integrated
ammonia recovery technology and nutrient status with an in-vessel
composting process for swine manure. Bioresour Technol. 245, 365—
371 (2017). https://doi.org/10.1016/j.biortech.2017.08.083

Liu, Y., Ma, R., Li, D., Qi, C., Han, L., Chen, M., Fu, F., Yuan,
J., Li, G.: Effects of calcium magnesium phosphate fertilizer,
biochar and spent mushroom substrate on compost maturity and
gaseous emissions during pig manure composting. J. Environ.
Manage. 267, 110649 (2020). https://doi.org/10.1016/J.jenvman
.2020.110649

Qi, C.,Yin, R., Cheng, J., Xu, Z., Chen, J., Gao, X., Li, G., Nghiem,
L., Luo, W.: Bacterial dynamics for gaseous emission and humi-
fication during bio-augmented composting of kitchen waste with

@ Springer

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

lime addition for acidity regulation. Sci. Total Environ. 848,
157653 (2022). https://doi.org/10.1016/j.scitotenv.2022.157653
Wan, L., Wang, X., Cong, C., Li, J., Xu, Y., Li, X., Hou, F., Wu,
Y., Wang, L.: Effect of inoculating microorganisms in chicken
manure composting with maize straw. Bioresour Technol. 301,
122730 (2020). https://doi.org/10.1016/j.biortech.2019.122730
Yang, F., Li, G.X., Yang, Q.Y., Luo, W.H.: Effect of bulking
agents on maturity and gaseous emissions during kitchen waste
composting. Chemosphere. 93, 1393—-1399 (2013). https://doi.or
2/10.1016/j.chemosphere.2013.07.002

Chan, M.T., Selvam, A., Wong, J.W.C.: Reducing nitrogen loss
and salinity during struvite food waste composting by zeolite
amendment. Bioresour Technol. 200, 838—844 (2016). https://doi
.org/10.1016/j.biortech.2015.10.093

Caceres, R., Coromina, N., Malinska, K., Martinez-Farré, F.X.,
Lopez, M., Soliva, M., Marfa, O.: Nitrification during extended
co-composting of extreme mixtures of green waste and solid frac-
tion of cattle slurry to obtain growing media. Waste Manag. 58,
118125 (2016). https://doi.org/10.1016/j.wasman.2016.08.014
Azim, K., Soudi, B., Boukhari, S., Perissol, C., Roussos, S.,
Thami Alami, I.: Composting parameters and compost quality: A
literature review. Org. Agric. 8, 141-158 (2018). https://doi.org/1
0.1007/s13165-017-0180-z

de Gannes, V., Eudoxie, G., Hickey, W.J.: Prokaryotic succes-
sions and diversity in composts as revealed by 454-pyrosequenc-
ing. Bioresour Technol. 133, 573-580 (2013). https://doi.org/10.1
016/j.biortech.2013.01.138

Wang, S., Duan, S., George, T.S., Feng, G., Zhang, L.: Adding
plant metabolites improve plant phosphorus uptake by altering
the rhizosphere bacterial community structure. Plant. Soil. 497,
503-522 (2024). https://doi.org/10.1007/s11104-023-06409-5
Bhattacharya, A. and Pletschke, B., Thermophilic Bacilli and their
enzymes in composting, in Composting for Sustainable Agricul-
ture, Sustainable Development and Biodiversity, Maheswari,
D.K., Ed., Springer, 3, 103—124 (2014)

Kumar, G., Engle, K.: Natural products acting against S. Aureus
through membrane and cell wall disruption. Nat. Prod. Rep. 40,
1608—1646 (2023). https://doi.org/10.1039/D2NP00084A

Li, Z.-H., Yuan, L., Shao, W., Sheng, G.-P.: Evaluating the inter-
action of soil microorganisms and gut of soil fauna on the fate and
spread of antibiotic resistance genes in digested sludge-amended
soil ecosystem. J. Hazard. Mater. 420, 126672 (2021). https://doi
.org/10.1016/j.jhazmat.2021.126672

Xu, M., Sun, H., Yang, M., Chen, E., Wu, C., Gao, M., Sun,
X., Wang, Q.: Effect of biodrying of lignocellulosic biomass on
humification and microbial diversity. Bioresour Technol. 384,
129336 (2023). https://doi.org/10.1016/j.biortech.2023.129336
Zhang, M., Li, A., Yao, Q., Xiao, B., Zhu, H.: Pseudomonas Oli-
gotrophica sp. nov., a novel denitrifying bacterium possessing
nitrogen removal capability under low carbon—nitrogen ratio con-
dition. Front. Microbiol. 13 (2022). https://doi.org/10.3389/fmicb
.2022.882890

Gauthier, J., Derome, N.: Evenness-richness scatter plots: A
visual and insightful representation of Shannon entropy measure-
ments for ecological community analysis. mSphere. 6 (2021).
https://doi.org/10.1128/mSphere.01019-20

Publisher’s Note Springer Nature remains neutral with regard to juris-
dictional claims in published maps and institutional affiliations.

Springer Nature or its licensor (e.g. a society or other partner) holds
exclusive rights to this article under a publishing agreement with the
author(s) or other rightsholder(s); author self-archiving of the accepted
manuscript version of this article is solely governed by the terms of
such publishing agreement and applicable law.


https://doi.org/10.1016/j.scitotenv.2022.157653
https://doi.org/10.1016/j.biortech.2019.122730
https://doi.org/10.1016/j.chemosphere.2013.07.002
https://doi.org/10.1016/j.chemosphere.2013.07.002
https://doi.org/10.1016/j.biortech.2015.10.093
https://doi.org/10.1016/j.biortech.2015.10.093
https://doi.org/10.1016/j.wasman.2016.08.014
https://doi.org/10.1007/s13165-017-0180-z
https://doi.org/10.1007/s13165-017-0180-z
https://doi.org/10.1016/j.biortech.2013.01.138
https://doi.org/10.1016/j.biortech.2013.01.138
https://doi.org/10.1007/s11104-023-06409-5
https://doi.org/10.1039/D2NP00084A
https://doi.org/10.1016/j.jhazmat.2021.126672
https://doi.org/10.1016/j.jhazmat.2021.126672
https://doi.org/10.1016/j.biortech.2023.129336
https://doi.org/10.3389/fmicb.2022.882890
https://doi.org/10.3389/fmicb.2022.882890
https://doi.org/10.1128/mSphere.01019-20
https://doi.org/10.1016/j.wasman.2017.12.009
https://doi.org/10.1016/j.wasman.2009.10.019
https://doi.org/10.1016/j.wasman.2009.10.019
https://doi.org/10.1016/j.chemosphere.2009.10.056
https://doi.org/10.1186/s44147-022-00092-6
https://doi.org/10.1186/s44147-022-00092-6
https://doi.org/10.1016/j.biortech.2020.124136
https://doi.org/10.1016/j.biortech.2020.124136
https://doi.org/10.3390/su15076191
https://doi.org/10.3390/su15076191
https://doi.org/10.1016/j.scitotenv.2022.159177
https://doi.org/10.1016/j.biortech.2012.02.099
https://doi.org/10.1016/j.scitotenv.2019.03.320
https://doi.org/10.1016/j.scitotenv.2019.03.320
https://doi.org/10.1016/j.scitotenv.2017.08.020
https://doi.org/10.1016/j.biortech.2017.08.083
https://doi.org/10.1016/J.jenvman.2020.110649
https://doi.org/10.1016/J.jenvman.2020.110649

	﻿Impact of Hydrated Lime Co-additives on Nitrogen Conservation during Livestock Waste Composting
	﻿Abstract
	﻿Introduction
	﻿Materials and Methods
	﻿Materials
	﻿Preparation of Composting Substrate and Experimental Design
	﻿Physicochemical and Gaseous Emission Analysis
	﻿DNA Extraction
	﻿16S rRNA Amplicon Library Preparation and Sequencing
	﻿Statistical Analysis

	﻿Results and Discussion
	﻿Physico-chemical Properties of Raw Materials
	﻿Temperature Dynamics


	﻿Effect of Lime Treatment on the Physicochemical Characteristics during Composting
	﻿pH Dynamics
	﻿Electrical Conductivity Dynamics
	﻿Moisture Content
	﻿Organic Matter Content
	﻿C/N Ratio

	﻿Gaseous Emissions
	﻿CO2 Emissions
	﻿NH3 Emissions

	﻿Nitrogen Conservation
	﻿Ammoniacal Nitrogen
	﻿Nitrate Nitrogen

	﻿Comparison of the Taxonomic Compositions
	﻿Phylum Level
	﻿Class Level
	﻿Genus Level
	﻿Alpha Diversity Analysis

	﻿Conclusions
	﻿References


