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Abstract | This study aimed to determine the nutritional value of sludge (a by-product of biogas) based on their prox-
imate composition. The sludge was made from animal manure of ruminants, pseudo-ruminants, and non-ruminants.
The study was divided into seven treatments: 100% cow dung (T0), 100% broiler manure (T1), 100% rabbit manure
(T2),50% cow dung + 50% broiler manure (T3),50% cow dung + 50% rabbit manure (T'4), 50% broiler manure + 50%
rabbit manure (T5), 33.4% cow dung + 33.3% broiler manure + 33.3% rabbit manure (T6). The parameters measured
were dry matter (DM), ash content, crude protein (CP), crude fiber (CFi), and crude fat (CFa). The treatments were
statistically tested using a one-way analysis of variance in a completely randomized design. As a result, different types
of animal manure sources significantly (p < 0.05) affect all parameters (DM, Ash, CP, CFi, and CFa) in sludge. The
T4 had the highest DM (93.12%), followed by T6, T0, T5, T1, T2, and T3. The result showed that the ash content
of T2 was higher than the other treatments. Interestingly, for both CP and CFa, the highest and lowest values were
achieved by T1 and TS5, respectively. In contrast, the T1 (11.57%) and T5 (53.55%) treatments act differently for CFa

content. Due to its potential nutrient content within the sludge, it may be possible to use it as a new feed resource for
local farm businesses.
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INTRODUCTION

year, Asia produces about 11.514 million tons, and Europe
produces about 2.039 million tons (Bhatnagar et al., 2022;
Jurgutis et al., 2020). Khalil et al. (2019) reported an esti-
mation of manure production from beef cattle, rabbit, and
chicken (broiler) was 12.9,0.02, and 26.8 million tons/year,

respectively.

Indonesia’s livestock population is increasing from vari-
ous ruminants, pseudo-ruminants, and non-ruminants,
which leads to higher waste or manure production. Mil-
lions of tons of animal waste are produced annually world-
wide, both in developed and developing countries (Raja

and Wazir, 2017). The manure production in Brazil, the Animal waste production could increase the potential neg-

Slovak Republic, and France was 1.9 Kt/year, 20 Mt of dry
matter per day, and 120 Mt/year, respectively (Chavez-
Fuentes et al., 2017; Leip et al., 2019; Loyon, 2018). Glob-
ally, specifically chicken manure, it is estimated that the
world produces approximately 20.708 million tons per

ative environmental impact, such as water and soil pollu-
tion, if not treated properly. Therefore, animal waste is pro-
posed as the main source material for biogas production to
decrease this adverse effect. Chaump et al. (2019) stated
that one kilogram of cow dung could generate 0.03-0.05
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m® of biogas, whereas 50,000 cattle could deliver around
20,000 m*/day. In Vietnam, livestock waste from pigs, wa-
ter buftalo, and cattle has been used for biogas production
(Yerima et al., 2019). In Indonesia and other developing
countries, most biogas is produced in small-scale digest-
ers and only used for home-scale utilization (cooking and

lighting) (Khalil et al., 2019).

Numerous factors, including the design of the biodigest-
er reactor, the kind of raw material used, the temperature,
pH, and the presence of additional nutrients or chemicals,
significantly impact the quality and volume of biogas pro-
duced from animal waste (Khalil et al., 2019). The raw ma-
terial source from livestock waste should be selected based
on quantity, availability, sustainability, and nutrient content
(Abubakar, 2022). Exploring various livestock composi-
tions, which will significantly matter concerning biogas
output, is critical. Elalami et al. (2019) stated that chick-
en manure, a product of the diverse composition of other
organic materials, also being one of the most widely used
teedstocks for the anaerobic production of biogas. Howev-
er, the poultry residue is rich in nitrogen and is therefore
not recommended for efficient anaerobic digesters.

An anaerobic-type digester (25 liters) made from plastic
material is commonly used as it can accommodate difterent
substrates in biogas production. Atelge et al. (2020) added
that biogas can be synthesized using other biomass sourc-
es, providing an oxygen-free environment in the presence
of anaerobic microorganisms. The biogas process produces
gas and sludge, which contain organic substances. Sludge,
tormed in odorless black mud, consists of 64.73% dry mat-
ter, 10.84% crude protein, 34.02% crude fiber, 2.00% crude
fat, 16.84% ash, 3,305.84 kcal/kg of gross energy, 52.54%
ADEF, and 74.12% NDF (proximate analysis result from
Animal Nutrition and Feed Laboratory, Brawijaya Univer-
sity). Sludge can be used as alternative feed ingredients for
animals or fish. The livestock manure from various feed-
stock produces different outputs of biogas (Bharathiraja et
al., 2018), affecting the sludge’s quality and composition.
Therefore, this study aimed to examine the proximate com-
position of sludge from different animal manure types: cow
dung, chicken manure, rabbit manure, and sludge mixture.

MATERIAL AND METHODS

STuDY SITE

The collection of livestock wastes (cow dung, broiler ma-
nure, and rabbit manure) as the primary materials for bi-
ogas and biogas processing was conducted at the Sumber
Sekar Laboratory’s Teaching and Research Farm (Batu,
East Java Province, Indonesia). The proximate analysis was
done at the Laboratory of Animal Nutrition and Feed,
Faculty of Animal Science, Brawijaya University (Malang,

Indonesia).

EXPERIMENTAL PROCEDURE

In this study, a lab-scale 25-liter anaerobic-type digester
was used. The anaerobic digester was made up of plastic
material. A plastic pipeline material (3/8” inch or 9.5 mm
in diameter) was used as the inlet and outlet chambers. The
sludge was removed from the bottom end of the digest-
er on the 50" day when the fermentation process ended.
The temperature was kept at ambient temperature, so the
fermentation was operated in mesophilic conditions. The
treatments used in this study are provided in Table 1.

Table 1: Types of animal manure treatments

Treatments Animal Manure

TO 100% cow dung

T1 100% broiler manure

T2 100% rabbit manure

T3 50% cow dung + 50% broiler manure

T4 50% cow dung + 50% rabbit manure

T5 50% broiler manure + 50% rabbit manure
Té6 33.4% cow dung + 33.3% broiler manure +

33.3% rabbit manure

'The chemicals used in the proximate analysis were tablet
Kjeldahl, H,SO,, HCI, NaOH, EDTA, aquadest, acetone,
and hexane, following the procedure from AOAC (2005).
Thermogravimetry evaporated the water content for dry
matter through heating at 105 °C for 20 minutes. Protein
and fat content were analyzed using the Kjeldahl and ex-
tractor Soxhlet tools. Ash or inorganic material is obtained
through combustion at 400-600 °C high temperatures.
'The weight lost during combustion represents the organic
material content. The crude fiber was obtained by adding
chemical materials: H,SO, (1,25%) and NaOH (1,25%).

STATISTICAL ANALYSIS

All data from seven treatments were computed in an Excel
program. The data were then analyzed by ANOVA with a
complete randomized design, following seven treatments
with three replication arrangements. Further treatment’s
mean differences were separated by using the Duncan test.

RESULTS

'The proximate composition is essential to analyze sludg-
es from different animal manure types. In this study, the
different treatments of varying materials had a significant
(p < 0.05) effect in all proximate parameters (dry matter,
ash, crude protein, crude fiber, and crude fat percentage),
as presented in Table 2. The T4 reached the highest dry
matter (DM) with 93.12% of DM, whereas the T3 had
the lowest DM (76.85%). The ash content varied from 16%
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Table 2: Proximate analysis (%) of sludge made from different types of animal manure

Treatments Dry Matter Ash

To 89.21 + 0.45¢ 16.00 + 1.60*
T1 84.66 +1.02° 22.10 + 1.27¢
T2 83.36 + 1.52° 36.27 £ 1.51F
T3 76.85  0.95° 17.94 + 1.06"
T4 93.12 £ 0.99¢ 21.35 + 0.82¢
TS5 88.68 £ 0.47¢ 33.26 +1.35¢
T6 90.90 + 0.94¢ 25.58 + 1.48¢

Crude Protein Crude Fiber Crude Fat
8.42 + 0.85* 32.28 +0.24° 3.96 +0.92°
19.49 + 0.56¢ 11.57 + 1.09* 19.32 + 0.76¢
8.04 £ 0.50? 36.36 + 2.00¢ 0.43 = 0.26*
8.35 + 0.48* 34.44 £ 1.21° 5.04 £ 0.67°
10.61 + 0.43° 43.31 + 0.65f 0.82 +0.15°
7.99 + 0.54* 53.55 +0.778 0.33 £ 0.09*
12.44 + 1.11¢ 38.35+1.19¢ 0.97 + 0.10°

Note: Different superscript within the same column indicated significant differences (p < 0.05).

to 36.27%. The highest ash percentage was achieved by
T2 (36.27%), followed by T5 (33.26%), T6 (25.58%), T1
(22.10%), T4 (21.35%), T3 (17.94%), and TO (16%). The
crude protein (CP) content of the sludge was ranging from
7.99% (T5) to 19.49% (T1). The T5 and T1 treatments
recorded the highest (53.55%) and lowest (11.57%) crude
fiber (CF1) content. The T0,T2,T3,T4,and T6 treatments
have more than 30% CFi (32.28% - 43.31%). Mean crude
fat (CFa) content varied from 0.33% (T5) to 19.32% (T1).
'The highest CFa is achieved by sludge made from 100% of

cow dung.

DISCUSSION

Sludge is a by-product of anaerobic fermentation, which
is thought to have a high nutrient content. It is known
that the nutrient content in sludge depends on the type of
mixture of ingredients and the fermentation process car-
ried out (Isemin et al., 2019; Nwokolo et al., 2020). The
findings of this study prove the theory that different mate-
rial or animal waste types used as ingredients in the biogas
process affect the sludge’s nutrient components (p < 0.05).
The DM of sludge from all treatments in this study was
higher than the DM reported by Moningkey et al. (2016),
which has 85.5% DM. The DM of sludge is influenced
by the DM of primary material used in biogas processing.
'The sludge analyzed by Moningkey et al. (2016) was made
from a mixture of cow dung and rumen content. Usman
et al. (2019) found that poultry waste had 90.38+0.03% of
DM, whereas the DM of rabbit manure varied from 72.8
—73.4% (Asiegbu and Oikeh, 1995). The DM of cow dung
was 57% (Moussa Baldé et al., 2019). The previous refer-
ences showed that the DM of chicken manure is higher
than that of other animal waste. The methane efficiency
in biogas production increases with feedstock dry matter
value (Dach et al., 2020) and is inversely proportional to
the DM content in the sludge. This research proves this
theory, which shows that sludge originating from chicken
manure has low DM.

'The ash content of sludge ranges from 25.18-46.05% (Fol-
gueras et al., 2015; Namkung et al., 2018). Isemin et al.

(2019) and Lee et al. (2021) reported 29.4% and 21.1% of
ash content in animal waste sludge made from horse and
cow manure, respectively. Therefore, it can be concluded
that the ash content in this study is still within the range
according to the literature. Zhang et al. (2020) stated that
cow manure sludge has a higher volatile and calorific value
and a lower ash content (22.07%) than TDS (textile dye-
ing sludge). The ash content affects the torrefaction after
anaerobic digestion. As the initial feedstock ash content
increased, the rate of heating value growth reduced as a
function of torrefaction temperature (Isemin et al., 2019).

Biomass ash primarily consists of alkali metals (sodium
and potassium), alkaline earth metals (calcium and mag-
nesium), silicon, sulfur, chlorine, and phosphorus. Sodium
(Na) and potassium (K) elements possess the capability to
modify the sequence of pollutant release containing nitro-
gen (N), sulfur (S), and chlorine (Cl) elements (Tang et al.,
2018). Furthermore, the presence of silicon (Si) and alu-
minum (Al) has been observed to impede the formation of
slag by creating compounds with high melting points (Li
et al., 2019).

The T1 and T5 acted differently for crude protein and
fiber. Treatment T'1, which uses 100% broiler manure, has
the highest CP and lowest CFi, while T5, which uses a
mixture of 50% broiler and 50% rabbit manure, has the
opposite value. Moningkey et al. (2016) reported 26-30%
of CFi content and 11.69-12.18% of CP content in the
rumen and sludge mixture. The study of Fajarudin et al.
(2013) reported that the crude protein content of dried an-
imal waste sludge ranged from 6.86 to 9.47%—the CP in
sludge increases along with the increasing anaerobic diges-
tion time. Another study by Pulunggono et al. (2013) re-
ported the range for CP content in sludge added with urea
is around 7.67% — 10.46%. Therefore, it can be concluded
that the CP in this study is still within the range according
to the literature, except for the T1 treatment (100% cow
dung), which has the highest CP content.

A report by Pertiwiningrum et al. (2017) found that the
CFi of biogas sludge made from cow dung with chicken
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manure addition was 14.39%. In sludge added with urea
treatment, the CFi ranged from 26.31% - 31.39% (Pu-
lunggono et al., 2013). These previous findings were lower
than the CFi in this study except for the T1. Crude fiber
content indicated the amount of cell wall composed of cel-
lulose, hemicellulose, and lignin. Hiilsemann et al. (2023)
and Patinvoh et al. (2017) stated that the fiber substrate
is highly resistant to microbes during anaerobic digestion,
especially the lignocellulose. Therefore, a high crude fiber
content left in biogas slurry could indicate low efficient bi-
ogas production.

The results implied that CFa value is affected by the dif-
ferent types of animal manure in sludge. Li et al. (2001)
reported 1.5-4% CFa content in sewage sludge mixed with
pig manure. The study of Moller et al. (2014) reported
that the CFa correlated with methane potential in bio-
gas production. Organic matter from manure with a high
CFa content has a greater CH, yield after 30 days due to
a higher fat content in their corresponding diets, so feces
from a diet with fat supplementation will have a better val-
ue and increase the economic performance of the biogas
plant. This effect could be explained by lipids producing
more theoretical CH, than carbs and proteins (Long et

al., 2012).

Sludge can still be used as fertilizer or an alternative feed
source. The bio-slurry produced from this research has a
good nutrient composition for use as fertilizer. High crude
protein indicates a high N content as well. It also contains
other minerals, such as phosphorus and potassium, which
plants need. Wagaw (2016) also found that slurry’s micro
and macro minerals are higher than manure and compost.
Indonesia’s national standard of fish food is dry matter
88%, ash < 12%, protein 25-30%, fat 2-10%, and crude fib-
er 6-8% (SNI 01-7242-2006). Based on this requirement,
some parameters of the studied sludge were out of range.
Sludges’ash and crude fiber content were too high, where-
as the fat and protein content were lower than required.
Sun et al. (2019) reported that increased fiber in fish food
is not beneficial to the fish’s growth since it may reduce the
digestibility of dry matter and the efficiency ratio of other
nutrients. The ash content in fish food affects fish’s digest-
ibility and growth (Zaenuri et al., 2014). Hence, further
sludge treatment should be done to increase its nutrient
quality for further utilization as fish feed. Zaenuri et al.
(2014) added that the sludge thickening process could re-
duce the ash content in sludge to 50%, dewatering to 5%,
drying to 1.44%, and then burning to 0.3%.

CONCLUSION

'The various types of animal manure sludge have a signif-
icant impact (statistically significant at P<0.05 level) on

multiple parameters, including DM, Ash, CP, CFi, and
CFa. Among the treatments, T'4 exhibited the highest DM
value. T3 displayed a comparatively elevated ash content
compared to the other treatments. The highest CP content
was observed in T'1, while T'5 had the lowest CFa con-
tent. T'5 recorded the highest CFi value, whereas T1 had
the lowest CFi value. The promising nutrient composition
in the sludge suggests the potential for its utilization as a
novel feed resource for local farming enterprises.
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AUTHOR’S CONTRIBUTION

M]J, OS, SM, and AM designed and coordinated the study.
M]J, OS, and SM supervised the experiment. AM exper-

imented, analyzed the data, and drafted the manuscript.
M]J, OS, and SM took part in critically checking this man-

uscript. All authors read and approved the final manuscript.

REFERENCES

Abubakar AM (2022). Biodigester and feedstock type:
characteristic, selection, and global biogas production.]. Eng.
Res. Sci., 1:170-187. https://doi.org/10.55708/js0103018

AOAC, (2005). Official methods of analysis of AOAC
International, 18th ed. AOAC International, Washington
DC.

Asiegbu JE, Oikeh S (1995). Evaluation of the chemical
composition of manures from different organic wastes and
their potential for supply of nutrients to tomato in a tropical
ultisol. Biol. Agric. Hortic., 12:47-60. https://doi.org/10.10
80/01448765.1995.9754722

Atelge MR, Krisa D, Kumar G, Eskicioglu C,Nguyen DD, Chang
SW, Atabani AE, Al-Muhtaseb AH, Unalan S (2020).
Biogas production from organic waste: recent progress and
perspectives. Waste and Biomass Valorization, 11:1019-
1040. https://doi.org/10.1007/s12649-018-00546-0

Bharathiraja B, Sudharsana T, Jayamuthunagai J, Praveenkumar
R, Chozhavendhan S, Iyyappan J (2018). Biogas production
— a review on composition, fuel properties, feed stock

December 2023 | Volume 11 | Issue 12 | Page 2013

%0 .
Qals Links
OResearchers


https://doi.org/10.55708/js0103018 
https://doi.org/10.1080/01448765.1995.9754722 
https://doi.org/10.1080/01448765.1995.9754722 
https://doi.org/10.1007/s12649-018-00546-0 

OPEN aACCESS

Advances in Animal and Veterinary Sciences

and principles of anaerobic digestion. Renew. Sustain.
Energy Rev,, 90:570-582. https://doi.org/10.1016/j.
rser.2018.03.093

Bhatnagar N, Ryan D, Murphy R, Enright AM (2022). A
comprehensive review of green policy, anaerobic digestion
of animal manure and chicken litter feedstock potential —
global and irish perspective. Renew. Sustain. Energy Rev,,
154:. https://doi.org/10.1016/j.rser.2021.111884

Chaump K, Preisser M, Shanmugam SR, Prasad R, Adhikari
S, Higgins BT (2019). Leaching and anaerobic digestion
of poultry litter for biogas production and nutrient
transformation. Waste Manag., 84:413-422. https://doi.
org/10.1016/j.wasman.2018.11.024

Chavez-Fuentes JJ, Capobianco A, Barbusovd J, Huttian M
(2017). Manure from our agricultural animals: a quantitative
and qualitative analysis focused on biogas production.
Wiaste and Biomass Valorization, 8:1749-1757. https://doi.
0rg/10.1007/512649-017-9970-5

Dach J, Pulka J, Janczak D, Lewicki A, Pochwatka P, Oniszczuk T
(2020). Energetic assessment of biogas plant projects based
on biowaste and maize silage usage. IOP Conf. Ser. Earth
Environ. Sci., 505: 012029. https://doi.org/10.1088/1755-
1315/505/1/012029

Elalami D, Carrere H, Monlau F, Abdelouahdi K, Oukarroum
A, Barakat A (2019). Pretreatment and co-digestion of
wastewater sludge for biogas production: recent research
advances and trends. Renew. Sustain. Energy Rev,, 114:
109287. https://doi.org/10.1016/j.rser.2019.109287

Fajarudin MW, Junus M, Setyowati E (2013). Pengaruh lama
fermentasi EM-4 terhadap kandungan protein kasar
padatan kering lumpur organik unit gas bio. J. Ilmu-Ilmu
Peternak., 23:14-18.

Folgueras MB, Alonso M, Folgueras JR (2015). Modification of
lignite ash fusion temperatures by the addition of different
types of sewage sludge. Fuel Process. Technol., 131:348-355.
https://doi.org/10.1016/j.fuproc.2014.12.002

Hilsemann B, Baumgart M, Lenz L, Elviliana, Féllmer M, Sailer
G, Dinkler K, Oechsner H (2023). Coupled biogas and fiber
production from agricultural residues and energy crops with
steam explosion treatment. Appl. Biosci., 2:278-291. https://
doi.org/10.3390/applbiosci2020019

Isemin R, Klimov D, Larina O, Sytchev G, Zaichenko V,
Milovanov O (2019). Application of torrefaction for
recycling bio-waste formed during anaerobic digestion. Fuel,
243:230-239. https://doi.org/10.1016/.fuel.2019.01.119

Jurgutis L, Slepetiene A, Volungevicius J, Amaleviciute-Volunge
K (2020). Biogas production from chicken manure at
different organic loading rates in a mesophilic full scale
anaerobic digestion plant. Biomass and Bioenergy, 141:
105693. https://doi.org/10.1016/j.biombioe.2020.105693

Khalil M, Berawi MA, Heryanto R, Rizalie A (2019). Waste
to energy technology: the potential of sustainable biogas
production from animal waste in indonesia. Renew. Sustain.
Energy Rev, 105:323-331. https://doi.org/10.1016/j.
rser.2019.02.011

Lee S, Kim YM, Siddiqui MZ, Park YK (2021). Different
pyrolysis kinetics and product distribution of municipal
and livestock manure sewage sludge. Environ. Pollut., 285:.
https://doi.org/10.1016/j.envpol.2021.117197

Leip A, Ledgard S, Uwizeye A, Palhares JCP, Aller MF, Amon B,
Binder M, Cordovil CMdS, De Camillis C, Dong H, Fusi
A, Helin J, Hortenhuber S, Hristov AN, Koelsch R, Liu C,
Masso C, Nkongolo NV, Patra AK, Redding MR, Rufino

MC, Sakrabani R, Thoma G, Vertes F, Wang Y (2019).
'The value of manure - manure as co-product in life cycle
assessment. J. Environ. Manage., 241:293-304. https://doi.
org/10.1016/j.jenvman.2019.03.059

Li F, Yu B, Wang G, Fan H, Wang T, Guo M, Fang Y (2019).
Investigation on improve ash fusion temperature (AFT) of
low-aft coal by biomass addition. Fuel Process. Technol.,
191:11-19. https://doi.org/10.1016/j.fuproc.2019.03.005

Li G, Zhang F, Sun Y, Wong JWC, Fang M (2001). Chemical
evaluation of sewage sludge composting as a mature
indicator for composting process. Water. Air. Soil Pollut.,
132:333-345. https://doi.org/10.1023/A:1013254815976

Long JH, Aziz TN, Reyes FLDL, Ducoste JJ (2012). Anaerobic
co-digestion of fat, oil, and grease (fog): a review of
gas production and process limitations. Process Saf.
Environ. Prot., 90:231-245. https://doi.org/10.1016/j.
psep.2011.10.001

Loyon L (2018). Overview of animal manure management for
beef, pig, and poultry farms in france. Front. Sustain. Food
Syst., 2: 00036. https://doi.org/10.3389/fsufs.2018.00036

Meller HB, Moset V, Brask M, Weisbjerg MR, Lund P (2014).
Feces composition and manure derived methane yield from
dairy cows: influence of diet with focus on fat supplement
and roughage type. Atmos. Environ., 94:36-43. https://doi.
org/10.1016/j.atmosenv.2014.05.009

Moningkey S, Junus M, Sjofjan O, Widodo E (2016). Nutritive
value evaluation on rumen content and sludge fermented
with cellulomonas sp. as rabbit feed. Int. J. ChemTech Res.,
9:650—-656.

Moussa Baldé¢ Y, Kanté C, Diop S, Tebbani S (2019). An
experimental study for the characterization of biogas
production from cow dung and droppings. Ecol. Eng.
Environ.  Prot,  54-61.  https://doi.org/10.32006/
eeep.2019.1.5462

Namkung H, Lee Y], Park JH, Song GS, Choi JW, Choi YC,
Park SJ, Kim JG (2018). Blending effect of sewage sludge
and woody biomass into coal on combustion and ash
agglomeration behavior. Fuel, 225:266-276. https://doi.
org/10.1016/j.fuel.2018.03.109

Nwokolo N, Mukumba P, Obileke K, Enebe M (2020). Waste
to energy: a focus on the impact of substrate type in biogas
production. Processes, 8:1-21. https://doi.org/10.3390/
pr8101224

Patinvoh RJ, Osadolor OA, Chandolias K, Sirvari Horvéith I,
Taherzadeh MJ (2017). Innovative pretreatment strategies
for biogas production. Bioresour. Technol., 224:13-24.
https://doi.org/10.1016/j.biortech.2016.11.083

Pertiwiningrum A, Fitriyanto NA, Agus C, Dwi R (2017).
Utility of biogas sludge as media for white oyster mushroom
(Pleurotus florida). 7th Int. Semin. Trop. Anim. Prod., 485—
495.

Pulunggono DE, Junus M, Nasich M (2013). Pengaruh
Penambahan Urea Terhadap Kandungan Protein Kasar
Dan Serat Kasar Padatan Lumpur Organik Unit Gas Bio.
Brawijaya University.

Raja IA, Wazir S (2017). Biogas production: the fundamental
processes. Univers. J. Eng. Sci., 5:29-37. https://doi.
0rg/10.13189/ujes.2017.050202

Sun Y, Zhao X, Liu H, Yang Z (2019). Effect of fiber content
in practical diet on feed utilization and antioxidant capacity
of loach, misgurnus anguillicaudatus). J. Aquac. Res. Dev,,
10:1-7.

Tang S, Tang Y, Zheng C, Zhang Z (2018). Alkali metal-driven

December 2023 | Volume 11 | Issue 12 | Page 2014

%0 .
Qals Links
OResearchers


https://doi.org/10.1016/j.rser.2018.03.093 
https://doi.org/10.1016/j.rser.2018.03.093 
 https://doi.org/10.1016/j.rser.2021.111884 
https://doi.org/10.1016/j.wasman.2018.11.024 
https://doi.org/10.1016/j.wasman.2018.11.024 
https://doi.org/10.1007/s12649-017-9970-5 
https://doi.org/10.1007/s12649-017-9970-5 
https://doi.org/10.1088/1755-1315/505/1/012029 
https://doi.org/10.1088/1755-1315/505/1/012029 
https://doi.org/10.1016/j.rser.2019.109287 
https://doi.org/10.1016/j.fuproc.2014.12.002 
 https://doi.org/10.3390/applbiosci2020019 
 https://doi.org/10.3390/applbiosci2020019 
https://doi.org/10.1016/j.fuel.2019.01.119
https://doi.org/10.1016/j.biombioe.2020.105693 
https://doi.org/10.1016/j.rser.2019.02.011 
https://doi.org/10.1016/j.rser.2019.02.011 
https://doi.org/10.1016/j.envpol.2021.117197 
https://doi.org/10.1016/j.jenvman.2019.03.059 
https://doi.org/10.1016/j.jenvman.2019.03.059 
https://doi.org/10.1016/j.fuproc.2019.03.005 
https://doi.org/10.1023/A:1013254815976 
https://doi.org/10.1016/j.psep.2011.10.001 
https://doi.org/10.1016/j.psep.2011.10.001 
https://doi.org/10.3389/fsufs.2018.00036 
 https://doi.org/10.1016/j.atmosenv.2014.05.009 
 https://doi.org/10.1016/j.atmosenv.2014.05.009 
https://doi.org/10.32006/eeep.2019.1.5462 
https://doi.org/10.32006/eeep.2019.1.5462 
https://doi.org/10.1016/j.fuel.2018.03.109 
https://doi.org/10.1016/j.fuel.2018.03.109 
https://doi.org/10.3390/pr8101224
https://doi.org/10.3390/pr8101224
https://doi.org/10.1016/j.biortech.2016.11.083 
https://doi.org/10.13189/ujes.2017.050202 
https://doi.org/10.13189/ujes.2017.050202 

OPEN 8ACCESS

Advances in Animal and Veterinary Sciences

release behaviors of volatiles during sewage sludge pyrolysis.
J. Clean. Prod., 203:860-872. https://doi.org/10.1016/].
jclepro.2018.08.312

Usman SO, Ogbe KU, Oguche JU, Momoh TB, Omale S (2019).
Utilization of poultry waste as feed and supplementary
feed for fish growth. J. Appl. Sci. Environ. Manag., 23:627.
https://doi.org/10.4314/jasem.v23i4.8

Wagaw K (2016). Characterization and utilization of bioslury from
anaerobic digester for fertilizer in crop production. J. Fertil.
Pestic., 7:. https://doi.org/10.4172/2471-2728.1000169

Yerima I, Ngulde YM, Mustapha A, Ngala AL (2019). The
influence of proximate composition of cow dung on the rate

and volume of biogas generation in maiduguri, north eastern
nigeria. Int. J. Environ. Agric. Biotechnol., 4:146-153.
https://doi.org/10.22161/ijeab/4.1.24

Zaenuri R, Suharto B, Haji ATS (2014). The quality of fodder
fish pellets from agriculture wastes. J. Sumberd. Alam dan
Lingkung., 1:31-36.

Zhang ], Sun G, Liu J, Evrendilek F, Buyukada M (2020). Co-
combustion of textile dyeing sludge with cattle manure:
assessment of thermal behavior, gaseous products, and
ash characteristics. J. Clean. Prod., 253:. https://doi.
0rg/10.1016/j.jclepro.2019.119950

December 2023 | Volume 11 | Issue 12 | Page 2015

%0 .
Qals Links
OResearchers


https://doi.org/10.1016/j.jclepro.2018.08.312 
https://doi.org/10.1016/j.jclepro.2018.08.312 
https://doi.org/10.4314/jasem.v23i4.8 
https://doi.org/10.4172/2471-2728.1000169 
https://doi.org/10.22161/ijeab/4.1.24 
 https://doi.org/10.1016/j.jclepro.2019.119950 
 https://doi.org/10.1016/j.jclepro.2019.119950 

