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Abstract—Livestock  development  sector  remained  agricultural sector. India had the largest cattle inventory,
conspicuous in many developed and developing countries. reported at 305.5 million head in 2021, followed by Brazil and
Nevertheless, animal manure management became an increasing China. Thus, India, Brazil and China together accounted for
concern relative to environmental and economic constraints. The roughly 65% of the world’s inventory of 996 million in 2021[2].
daily cow manure varies between 60-85 kg per 1000 kg of body |n Africa, 370 million cattle head reported in 2020 and Ethiopia
biomass. Thus, 33 to 70 % of biomass could be recovered in the had the largest number of cattle [3]. The livestock and meat

form of cow dung for value added products such as bioenergy and  arket projected to register a CAGR of 4.5% during the forecast
biofertilizer. Halhale dairy farm of Eritrea has a potential to period of 2022-2027[4]

produce approximately 25 tonnes of fresh cow manure per day.
Proximate analysis of Halhale dairy manure (HDM) revealed that The management of livestock manure has become an
it contains a mean value of 14.35% of total solids, which inherently increasing concern for the livestock industry. Manure
composed of 64.8% of Volatile solids and 23.3% of ash content. management is a critical activity for the economic and
Detailed elemental analysis using X-ray fluorescent showed thatit  enyironmental sustainability of dairy farms [5]. The amount of
has 43.1% of C, 0.31% of S, 0.21% of P and 1.18% of K. Hydrogen manure produced depend on type of livestock, diet, age,
and nitrogen contents of 4.57% and 1.58% were evaluated for  proqyctivity, season, environmental conditions and other factors
';D,'[\.’" Th?rmiﬂ]\f'ca'{ pan;aaneter; OSZ%Chl 258 P dsig gi;n:?/l JIOY(\Ie.E [6,7]. The manure production in intensive production systems
r:sapg;?i\x,\allyu%(ignifiz::r?tllr_nHa\s v;}ies: ind’ica.te tﬁ: aptnéss of HDgM ranges from 60 to 85 kg (wet basis) per 1000 kq livestock mass
for fuel substitute. In addition, estimated C/N values of 25.68-27.3, per %ay [7]. In other \(Ijvo.rdi’ha dryl\_/velgptdqf 2kg d_unlg ptert cow
ensure their best suitability for the biogas generation. Rich organic per day was assessed In the eariier studies, equivalent to an
annual yield of approximately 700 kg per cow [6,8]. Another

matter and high moisture content in HDM support large number . .
of earthworms in vermicomposting. HDM have showed excellent  Study reported that dairy animals produce about 1.61 ft* (12.0

N:P20s of 3.84 to favor the growth of any crop. Higher Si content ~ 9@l) of fresh manure (feces and urine) per 1,0001b average live
of 4.32% along with desired micronutrients of 0.043% of Zn, weight per day [9]. The manure sources of livestock varies
<0.02% of Cu and 241 ppm of Mn, were measured for HDM considerably between countries and depends on capacity of
samples. The effect of sodicity on soil measured in terms of sodium dairy farms, number of cows per individual households etc.

absorption rate (SAR), and a mean value of 0.84 was estimated for

HDM Manure management, including production, collection,

storage, treatment, transfer, and utilization is a key factor for the
Keywords— Cow Manure Management, Characterization, Dairy sustainable livestock production [10]. It is a complex process

waste, Renewable resource, Bioenergy and biofertilizer involving the considerations of environmental regulations,
economic constraints, agronomic conditions, social and health
I. INTRODUCTION issues [11]. Due to the annual increase in cattle number, the raw

cow dung is becoming a more and more available source of
biomass. Further, it can be accessed at free of cost or at low cost
in many places of the world.

Livestock development and management has become one of
the prominent sector in many developing nations of the world
and in Africa as well. Livestock is an integral part of agricultural
system of emerging countries for dairy and meat production, Globally, the importance of cow manure increasing in fuel
draft animals adopted to plow the fields and transport heavy  applications as it contains substantial calorific values. In India,
objects, Cattle skin used for the production of leather, and dung  animal manure for thermal utilization is performed on a large
for fuel and agricultural fertilizer [1]. In other words,  scale, and it is considered as the main fuel in electricity

development of dairy farms stabilize the market for dairy  production in a biogas plant [12]. In Turkey, pyrolytic potential
products and meat, create job opportunities, and supports
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of cow manure tested by Zuhal and confirmed that kinetic and
thermodynamic parameters have shown that cattle manure
blended with recycled polyester is a remarkable feedstock for
bioenergy [13]. Gudina and Sanderine have briefed that cow
manure is a potential biomass feedstock for energy briquettes as
solid fuel and for biogas production in Ethiopia and other sub
Saharan African countries [6]. Recently, a study in Poland
revealed that cow dung pellets can be used as potential source of
renewable energy [12]. Rigorous studies on anaerobic digestion
of cow manure for biogas production [14, 15, 16] and its
upgradation to biomethane for electricity generation [17]
conducted in various countries [41].

Animal waste contributes high concentrations of nitrogen
(N) and phosphorous (P) and has been used as organic rich
manure for thousands of years. In addition, livestock manure is
a good source of potassium (K), sulfur (S), and micronutrients
such as copper (Cu), zinc (Zn), manganese (Mn) and many other
trace elements that are needed for crop growth [18,19]. In
contrast, elemental analysis aid in detection of the presence of
undesired chemicals such as cadmium (Cd), nickel (Ni), lead
(Pb) and mercury (Hg) which does not have any biological
functions in the plant growth despite they reduce yield. Manures
with added bedding are also an excellent source of organic
matter which improves soil quality when applied to land. The
water, nutrient and organic matter contents of manures,
however, vary greatly making them more difficult to manage
than synthetic fertilizers [19].

Livestock manure traditionally managed by direct
application to agricultural land and open composting, causing
environmental problems such as greenhouse gas emissions,
soil/groundwater contamination and eutrophication [20]. In the
context of that, in many countries, the cow manure is used as a
fertilizer, fuel, thermal insulator, and building material [14,15]
but its independent fuel and fertilizer application has not been
tested widely yet. Therefore, the objective of this research is to
understand the aptness of cow manure for bioenergy and
biofertilizer production. Recently, Eritrea focused on improving
dairy production, in view of that Halhale Dairy farm project
initiated in the late 2017 with the importation of 660 cattle, of
which the nine were bulls and currently it has 3000 cows
(shabait.com) and produces significant cow manure daily.
Proximate and ultimate analysis of Halhale Dairy Manure
(HDM) performed to assess thermophysical and chemical
attributes of the samples. X-ray fluorescence analysis of HDM
organized to estimate detailed elemental concentrations.
Furthermore, essential nutrients and micronutrients evaluated to
understand their appropriateness for the substitution of synthetic
fertilizers.

A. Raw Material Samples

Six fresh cow manure samples of approximately 2 kg of each
collected randomly from the Halhale Dairy farm in the month of
March 2022. All the samples were packed in airtight LDPE
bags, labelled systematically, and first brought to the CRE
(Chemical Reaction Engineering) lab, MCoET for the proximate
analysis, later samples dispatched to Bisha Assay Lab for the
ultimate and detailed elemental analysis.

MATERIALS AND METHODS
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B. Chemicals and Reagents

Analytical grade chemicals and reagents supplied by Sigma-
Aldrich and ACE (Associated Chemical Enterprise Company)
to Bisha Assya Lab used for detailed elemental analysis with
permission. 65% nitric acid (HNO3z), 30% hydrogen peroxide
(H205), 98% sulphuric acid (H2SO4) and 32% Hydrochloric acid
(HCI) used for acid digestion purposes in a partial digestion. For
complete digestion system (peroxide fusion), Sodium peroxide
(Na20,) and Sodium Hydroxide (NaOH) were used. Ultrapure-
deionized water utilized throughout the analysis. Both vials and
glassware soaked in 3M HNOs prior to analysis for the whole
night and rinsed with deionized water to minimize the chances
of interferences. All the chemical analyses were conducted
under extractor hood and a digital IR Vortex Mixer (S/N296058
made in Italy) was used for mixing the solutions.

C. Proximate Analysis

All the dung samples of analysed for moisture (M) and dry
dung (Total Solids) content of fresh cow manure using hot air
oven drying method at 40°C for 10 hr. Dry weight of the sample
confirmed when it showed constant weight. Dried samples
pulverized finely to a size of 53% of sample passes through <2
mm screen. Analytical moisture (AM) content of the dried
samples measured at 105£5°C in the oven [12]. Volatile Matter
(VM) determined by loss of ignition (LOI) test from 2g of dried
and powdered samples allowing to burn for 4 hr at 550C in a
muffle furnace. The retained solid residue measured for ash
content (AC). Thus, the fixed carbon (FC) of the samples
calculated as [9],

FC=100-(VM+AC+AM)

Using proximate results, Hydrogen content calculated as
follows [12],

H=(100-AM-AC)/16%

D. pH Determination by Proxy Test

Measurement of P of cow manure samples using a PH meter
(HANNA instruments, UK) carried out by a proxy test. 10 g of
manure from thoroughly mixed samples added to 300ml water
of known P and blended well using a magnetic stirrer. Pre-
calibrated P" meter inserted in to the samples and waited to get
a stable reading on P" meter [12].

E. Specific Gravity (SG) Determination

Specific gravity measured by using volumetric flask
method. The weight of the dried and empty 100 ml volumetric
flask (W1) measured initially and later it is determined by filling
upto the meniscus mark with water (W>). A 5-20gram sample
is then transferred to the empty volumetric flask and weighed
(WSs), which is then wetted with water and carefully filled with
water to the same meniscus mark and measured again its
weight(W.). The specific gravity is obtained from the following
calculation,

(W3 — W)
Wy — W) (W, — Wa)

F. Determination of Carbon and Sulphur by LECO method

The CS230, Carbon/Sulphur determinate is a
microprocessor based software and the instrument consist an

SG =




induction furnace for combustion. Total Carbon and Sulphur
were determined through combusting 1 g of sample and then
analyzing the exhaust using IR detection. In the pure oxygen
environment (99.9% purity), combustion of samples was carried
out and the resultant gases were cleaned from the dust and
moisture. The contents of SO, and CO, measured by IR
detection from which S and C contents were calculated by the
software [12].

G. Detailed Elemental Analysis

Acid digestion of samples in HNOs;, HCI and H,SO,
solutions followed by instrumental analysis using wavelength
dispersive X-Ray Fluorescence (XRF) spectroscope carried out
to determine Ag, Bi, Hg, Se, Te, Ti and Na elemental contents.
XRF analysis of samples after peroxide fusion using sodium
peroxide (Na,O,) conducted to measure alkali metals (Na, K, Li
), alkaline-earth metals (Be, Mg, Ca, Sr, Ba) and other
minerals[12].

H. Assessment of Heating Value for Cow Manure

Total Heating value, known as HHV of cow manure
calculated using Dulong’s formulae based on the weight
fractions of carbon, hydrogen and sulfur as follows [21],

HHV = 14495C + 61000H + 5770S Btu/lb
LHYV of the feedstock calculated in terms of using [12],

LHV = HHV — 24.42(AM + 8.94H)1073 MJ/kg

I1l. RESULTS AND DISCUSSIONS

A. Proximate and Ultimate Characteristics of HDM

Dairy manure composition has a great spectrum of variance
in terms of many different types of analysis reported so far.
Proximate and ultimate analysis reveals primary cow manure
composition such as moisture, total solids, fixed carbon, volatile
matter and ash contents. As shown in table 1, fresh cow manure
samples from Halhale dairy farm consist 85.65 % (weight) of
total moisture on average and the remained dried dung amount
of 14.35% accounted for total solid (TS) content. In addition, the
amount of TS comprised of volatile solids (VS) of 10.88% and
3.47 % of inert content (Ash). Measured values of moisture, TS,
VS and Ash contents are accord to the range reported by the
previous studies [12, 15, 22] for the fresh dairy manure. In other
words, Volatile solids (VS) of Halhale dairy samples estimated
about 75.8 % (weight) of TS along with 24.2% of TS evaluated
for Ash.

TABLE |. COMPARISON OF PROXIMATE ANALYSIS OF COW
MANURE ON WET BASIS

Content Halhale Szymajda Ayhan& S.Chenetal
(weight %) Dairy et al 2021 Aysenur 2003 [22]
Manure [12] 2017 [15]

Moisture 85.65 86.0 86.6 86.61
Total 14.35 14.0 13.4 13.39
Solids

Volatile 10.88 11.536 11.01 11.21
Solids

61

|Inerts(Ash)| 3.47 | 2.464 | 2.39 | 2.18 |

It has been proposed that the C and H elemental composition
determines the energy potential of an organic substance whereas
N and S composition provides the intensity of harmful gases on
combustion. Proximate and ultimate characterization of dry cow
dung is essential in assessing solid fuel and nutrient applications.
Dried samples left with little moisture content in addition to
volatile matter (VM), fixed carbon and residue contents as
displayed in the table 2. VM evaluated in this study is in
agreement with earlier studies conducted [12, 23].

TABLE Il. COMPARISON OF PROXIMATE AND ULTIMATE
ANALYSIS OF COW MANURE ON DRY BASIS
Proximate Analysis (weight %)
This | Szymajda | Venkatet | Venkatet | Wang et
Parameter | \vork | etal al2010 | al2010 | al2020
2021 [12] [23] [23] [24]
Analytical
Moisture 3.65 5.80 4.36 4,62 0
(AM)
Volatile
Matter(VM) 64.8 64.07 52.8 67.32 48.01
Fixed
Carbon 8.25 18.33 11.68 7.99 14.14
(FC)
Ash
Content 23.3 11.80 31.16 20.07 37.85
(AC)
Element Ultimate Analysis (weight %)
C 43.1 44.24 32.52 41.14 25.65
H 4.57 4.97 3.85 4.97 4.18
N - - 1.84 0.90 2.64
S 0.31 0.25 0.18 0.19 0.80

The degree of dryness changes the composition of VM and
FC. Biomass compounds mainly comprised of the basic
elements such as C, H, N, O and S. Presence of C and S
determined from XRF study and H estimated using proximate
parameters of dry dung. The content of C and H elements in the
dry dung represents the quantity of organic matter in the manure
that can be recovered and reused for several applications.
Nonetheless, ultimate composition of cow manure primarily a
function of cattle feed composition, the rate of feeding, and
intake of water. Mean value of S for the samples tested are
accord to the values reported by the earlier studies as presented
in the table 2. Organic Nitrogen was not analyzed
experimentally in the study, but estimated from other reports as
given in the Table 2 and Table 5. The presence of elemental
nitrogen along with phosphates and potassium represents
nutrient potential of the manure for the plant growth.

B. Thermophysical Parameters of Cow manure

The physical characteristics of manure depend on multiple
factors and practices before and after excretion. The physical
state of the manure explained by the PH values, inherently it
determines the presence of nutrients and microbial activities. P
value of the samples examined has a spectrum of 6.84 to 7.39
whereas Katheem et al has reported a range of 6.5 to 7.5, which
varies according to the physical conditions, feed composition
and water intake to feed rate ratio. However, the mean value of



7.025 represents the neutrality of manure as it neither alkaline
nor acidic and it is comparable with reported range as shown in
table 3. P" values serve as indicators of favorable conditions for
microbial growth in biochemical conversion processes such as
vermicomposting, anaerobic digestion etc.

TABLE Ill. COMPARISON OF PROXIMATE ANALYSIS OF COW
MANURE ON WET BASIS

Parameter This Work Earlier Reports

pH 7.025 7.1940.06 [25]

SG 1.63-1.74 1.37-2.323 [26]
HHV (MJ/kg) 21.06 17.59 [12]
LHV (MJ/kg) 19.97 16.29 [12]

Specific gravity (SG) is a measure of heavier solids presence
in the manure, and it was measured in between 1.63 to 1.74,
without a significant variation when compared with a study from
Indonesia as provided in the table 3. Type of bedding such as
sand or grass arranged for the cattle determines their presence
and causes for higher SG values of manure collected. As TS
includes all solids, heavier and lighter, SG and density of cow
manure can be explained as a function of TS (weight %). There
was a sharp rise to 1740 kg/m® and deep fall to 1630 kg/m?® of
bulk density in between 15 to 15.67 % of TS. Void fraction and
manure collection practices cause for these kind of abrupt
changes in density, otherwise bulk density increases gradually
with TS content [26]. A polynomial model developed to
describe the variance of density of raw cow manure (pgy in
kg/m?®) in the range of 12 -18 % of TS from the data regression
analysis shown in figurel as,

pcm = —230.31TS® + 17778TS* — 547298TS> +
8 X 10°TS? — 6 x 107 TS + 2 x 108

Many different relations developed in the reported works to
relate density for different ranges of TS values. Landry et al
described bulk density in kg/m? as a polynomial function of TS
at higher TS concentrations for dairy manure of 10-50 % TS as

Paairy = 0.0367TS3 — 2.38TS? + 14.6 TS + 1000

The findings concluded that the density increase gradually
with TS. Hui et al has confirmed that the bulk density of pre-
digested cow manure increase from 990 to 1065 kg m as the
TS level increase from 1.5% to 13 % [26].
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Fig 1. Density of Raw Cow manure (pc,, in kg/m?) versus Total Solid (%)
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Cow manure used as a source of energy in many countries
like India, South Africa including Eritrea, mainly to heat the
household stoves. Cow manure is rich in carbon content which
can compete with other biomass resources for energy
production. High heating value (HHV) and low heating value
(LHV) represent the energy potential of any fuel substance.
HHV and LHV of dry cow manure determined as 21.06 MJ/kg
and 19.97 MJ/kg respectively at mean elemental composition of
C (43.1%), H (4.57%) and S (0.31%) using Dulong’s relation as
mentioned in methods. Carbon content determines the heating
value of organic fuel substances and fitness for the use of
alternative source for energy in power plants [12]. An increase
in carbon content by 1% provides an increase in the calorific
value by 390 kJkg™. Nonetheless, huge differences occur among
various types of biomass, and measured different carbon
contents for the samples of cow manure as shown in Table 2.
Estimated values are slightly higher than the reported values as
shown in Table 3. In other words, 1% of increment in the ash
content result in reduction of calorific value by 200 kJkg™ [27].
Doulong’s method has been applied for solid fuels substances,
mostly for coal, it has estimated to be slightly higher than
experimental values reported from the literature. However, cow
manure has been claimed as promising source of bioenergy in
terms of LHV and HHV.

C. Elemental Composition of Cow manure

Inorganic content of cow manure in the form of ash has a
significant effect on combustion when it applied as a fuel. Non-
volatile ash compounds can melt and remain on the surfaces as
permanent layers depending on the process temperature,
particle’s chemical structure and surrounding gases [28]. As
shown in the Table 2, mean content of ash measured as 23.3%
and varied greatly among reported studies. Biomass inert solids
mainly composed of mineral salts, which were determined using
X-ray fluorescence and their mean values displayed in the Table
4. Ash content varied randomly between 11-38% for different
cow manure samples tested as shown in the Table 4. Increase in
ash content reduce the ability for fuel substitute as stated earlier.
Inert content classified in to alkali and alkaline earth metals,
non-metals and half metals and other metal compounds for
potential comparison with reported values.

TABLE V. COMPARISON OF INORGANIC COMPOSITION OF
HALHALE DAIRY MANURE

Alkali and Alkaline Earth Metals

Element This Study Szymajda et al 2021 [12]
Na 0.86 0.17
Ca 0.626 10.0
Mg 0.59 0.50
Sr 0.07 0.05

Other Metals
Al 0.54 0.04
Fe 0.78 0.51
Cu <0.02 0.10
Zn 0.043 0.34
Mn 0.24 0.40
Non-metals and half metals

Si 4.32 0.51
P 0.21 1.24

1.18 2.02




The quality of the feed decides the intake composition of minor
substances, which were not broken down by the digestive
system of cattle, excreted as manure. In other words, cattle
bedding system and cow manure collecting practices also
determines the presence of minerals from the clay or sand
beddings. Thus from the Table 4, it was clearly observed that the
significant presence of silica (Si). Aluminum and iron metal
compositions were comparatively higher in the samples
analyzed whereas copper (Cu), zinc (Zn) and manganese (Mn)
presented at lower concentrations. Sodium (Na) and potassium
(K) levels found higher than reported for the Halhale dairy
samples

D. Biomass Recovery through Cow Manure

Generalized assessment of biomass feed to cattle and the
cow manure production rates led to understand the recovery rate
of biomass in the form of cow manure. The total dry matter
requirement of cattle is around 2-3 % of their body weight
though high yielding animals may eat at a rate more than 3%.
However, feeding rate of animals depend on their age, seasonal
conditions, processing of feeds, palatability etc. [29]. Water
intake by the cattle is a function of dry matter intake and ambient
temperature in between 40 to 90°F varies seasonally for many
different geographical conditions. However, a lactating cattle
needs two gallons of water per 100 pounds of body weight
whereas a non-lactating cow or bull consumes one gallon at 90
°F [30]. In addition to main products such as milk, meat and
other industrial products, cattle excrete 6 to 8.5 kg of cow
manure as a byproduct generate per every 100 kg of body mass.
Findings from several reports on characteristics of cow manure
reveal that 11 to 21 % of total solids present in the fresh dung
[9, 26]. Thus, a cow manages to recover 33 to 70 % of biomass
in the form of byproduct for several commercial applications
including biogas production for energy recovery and to enrich
the soil as a biofertilizer.

Meat  Leather

Main products

Cow Manure (CM)
Byproduct

Dry Biomass Feed
(DBF)

Fig. 2. Schematic diagram showing biomass balance on Cow

In other words, Budiyono et al [25] estimated dry solids content
of 20.23+1.94 % on average whereas authors of this study
determined a mean value of TS as 14.35% of fresh cow manure
collected from Halhale Dairy Farm, Eritrea. The causes of
variation in TS quite complex to describe as it depends on many
factors such as age, feed rate, fodder composition, animal
bedding construction, seasonal variations etc. Noteworthy to
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remind that a daily dry dung production of 2kg per cow assessed
by many earlier reports [6,31] and as cattle are mostly range-fed,
60% of totally produced dung accounted for accessible
bioresource. Halhale dairy farm currently produce a daily dry
dung of 3.6 tonnes and may gradually increase as the farm trying
to expand in future. Thus, cow manure could be a sustainable
source for bioenergy in several energy conversion technologies.

E. Assessment of cow manure as a feedstock for bioenergy and
biofertilizer

Rising of global warming issue due to excess deposition of
methane (CH4) coupled with CO; in the atmosphere, creates
alarming situation to find immediate substitute to fossil fuels. In
other words, depletion of fossil deposits jeopardizing the world
to search for renewable fuel feedstocks. In context to the fact,
improper management of animal manure causes to contribute
significantly to the environmental issues by releasing methane
gases into atmosphere. Recently, agricultural sector of
developed and developing countries has accounted for huge
amounts of manure at the aforementioned production rates per
cow. Therefore, the prudent utilization of cow manure has
opened door for bioenergy and biofertilizer applications.

In summary of several studies that detail fuel applications of cow
dung. The LHV of cow manure of 10 to 17 MJ/kg, depending
on moisture content, used as a source for heat in combustion
processes such as house hold stoves [32], co-combustion with
coal, biochar production, co-pyrolysis of cow manure [13] and
its use as a binder in pellet making [33], or briquette production.
The HHV of cow manure indicates theoretical energy content
whereas LHV serve as available energy for utilization. Cow
manure of Halhale dairy measured with 19.97 MJ/kg of dry
dung, which is substantially consist higher energy content. A
kilogram of oven-dried biomass theoretically contains a calorific
value of about 17-22 MJ, but it decreases with increasing
moisture contents. The lower heating values of different crop
residues vary from 13-19 MJ/kg [34].

Production of biogas via anaerobic digestion (AD) is considered
a cleaner and renewable source of energy, which is the most
impending ‘biorefinery’ solution for the global energy hassles
and simultaneously helps in tumbling the carbon credits [20,35].
In Europe, more than 18000 AD plants, and more than 2100 AD
plants in USA including 254 livestock manure digesters, most
of which treat cattle manure, are in operation [20]. Biogas is a
colorless, flammable gas that burns with clear blue flame similar
to liquefied petroleum gas (LPG) [36]. Biogas production by
anaerobic digestion includes a sequence of complex
biochemical phases (hydrolysis, acidogenesis, acetogenesis and
methanogenesis) reliant on various physicochemical and
biological parameters such as feedstock composition in terms of
volatile solids (VS), temperature, pH, hydraulic retention time
(HRT), microbial diversity and C/N values [35].

Assessment of organic nitrogen was not determined
experimentally in this work but extracted information from
earlier studies [9, 12, 13, 23, 24, 37] utilized to develop an
approximate model to interpret the relation between C and N as
shown in figure 3. Nitrogen amount for all cow manure samples
assessed approximately by the following polynomial model
described as,



N(%) = 0.0002C3 — 0.0161C? + 0.3266C + 1.3966

35 v =0.0002x3 - 0.0161x2 + 0.3266x + 1.3966
2=(.8924
o 3
g o N(%) . e .
525
(3 2 o
= b
=) 1.5 L )
.8 L4
SR .
“05
0
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C (%) in Dry Cow Manure,

Fig. 3. Analysis of Elemental C (weight %) and N (weight %) of Cow Manure
on Dry Basis

In addition, the trend curve describes that nitrogen content
gradually decreases with increase in carbon composition of 39%
and later it rises. Other words, the mean value of 1.58 % of
nitrogen evaluated at an average carbon content of 43.1%. The
organic nitrogen content also determines the levels of protein in
the organic substances. Protein content of animal wastes usually
estimated as 6.25 times of organic nitrogen content. Thus, the
estimated protein and nitrogen are in agreement with the
reported parameters as shown in the Table4.

276 -
274
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27 -
26.8
26.6
Y64
26.2

v =-0.1702x* + 1.0039x +25.972
R2=0.8965

26 -
258
25.6 -
254 - T T T T .
0 1 2 3 4 5 6 7

Sample Count

Fig. 4. Variation of C/N for Cow Manure Samples of Halhale Dairy

Nitrogen alone does not have much significance but C/N
factor has greater role in microbial reaction that take place in
vermicomposting and anaerobic digestion processes for biogas
production. The feasibility of biogas production from Halhale
dairy manure in terms of C/N ratio detailed through figure 4.
Table 2 reveal that C and N elemental composition varies
randomly among different cow manure samples and thus C/N
greatly fluctuated in the range of 25.68 to 27.3. At 41.3 % of
carbon content, the highest C/N recorded as 27.3 and then
drastically down to a least value of 25.68 at the carbon content
of 45.6% ash shown in figure4. However, it has been proposed
that C/N of 25 to 30 as an optimum ratio for efficient anaerobic
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digestion (AD) systems [14]. Animal manures with large
amounts of C-rich bedding materials often have relatively high
C:N ratios. Thus, Halhale dairy manure have shown favourable
C/N values for biogas production. The C:N ratios for the beef
manures were higher and the range was broader due to the
addition of varying amounts of bedding for the cattle as well as
the amounts of bedding in the samples sent for analyses [19].

Protein is one of the major organic component of cow manure,
which has significant contribution in microbial activities. Rich
organic substrates support large number of earthworms in
vermicomposting process [12]. Analyzed samples of cow
manure has a mean protein value of 9.87 % (weight) as shown
in Table 5 and they are accord to the reported quantities as it was
measured by the conversion factor method. Other organic
components such as cellulose, hemicellulose and lignin
quantities not covered by the present work but they have been
reported by the earlier studies. Budiyono et al have estimated
average values of cellulose and hemicellulose and lignin of cow
manure as 35.57 + 8.76, 14.94 + 4.80 and 25.97 + 11.13
respectively. Organic components are complex chemical
structures derived from plant cells. In other words, the animal
feed composition decides the organic composition in manure
[25].

TABLE V. COMPARISON OF INORGANIC COMPOSITION OF
HALHALE DAIRY MANURE

Parameter Present Sandhya and | S. Katheem | Budiyono
. Krishna1990 | et al 2015 | etal 2011
[v)

(weight %) Study [39] [12] [25]
Organic 1.58 1.55 1.4+0.15 -
Nitrogen
Protein 9.87 9.68 8.9+0.09 8.28+1.54

F. Nitrogen (N), Phosphorous (P), Potassium (K) and Sulfur
(S) Nutrients for the Crops

Nitrogen is an essential building block of protein and nucleic
acids, and huge amounts required for crops but often found
deficient amounts in the soil, which limit the yield of the crops
[40]. Halhale dairy farm manure measured nitrogen in the range
of 1.58-1.77%. Although good amounts of nitrogen present in
the cow manure, entire nitrogen cannot be available for the plant
absorption. In the same way, all forms of life supported by
inorganic P in the form of phosphates (PO,). Manure discovered
as an excellent source of P for all the crops and tested cow
manure samples consist P in the range of 0.11 to 0.28 % with a
mean value of 0.21 % as shown in Table 4.

The estimated N:P»Os provide indication of supply ratio of N for
every unit of P,Os by the manure. Halhale Dairy samples
measured 2.6-6.3 of N:P,Os with a mean value of 3.84 as shown
in the Figure 5, which could be considered potentially higher
ratios as actual available nitrogen was not measured in the study.
Most of the crops require three to four units of available N per
unit of P205 [19]
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Fig. 5. N, P,Os and K values of Halhale dairy manure samples

Potassium (K) is another essential element of plant nutrition
and necessary for the function of all living cells. Manure is an
abundant source of K, many times found as more than required
by the crops. Potassium amount in the manure measured varied
greatly in the range of 0.41 to 1.97%. In addition, the entire
content of K in the inorganic form readily dissolve in the water
and hence consumed by the plants easily. All plants also need
Sulfur (S), unfortunately manure contain S in reduced forms that
cannot be used directly by the crops [19].

G. Micronutrients & Trace Components in Cow Manure &
their effect on Plant or Animal Life

The presence of element in minute amounts, particularly
identified as trace elements. Micronutrients such as copper (Cu),
manganese (Mn), zinc (Zn), cobalt (Co), molybdenum (Mo) and
boron (B) are minute components required by the crops or
animals in little amounts. These elements measured for cow
manure samples has very small amounts as shown in Table 6.
Zn and Cu elements identified with significant presence in
Halhale dairy samples. However, excess intake result is toxic
and deficient yields. In contrast, trace elements such as cadmium
(Cd), lead (Pb) and mercury (Hg) have no biological functions
in plants and animals [19]. Fitzgerald and Racz (2001) found
that concentrations of some undesirable metals such as Cd, Ni
and Pb were closely correlated with elements added as
nutritional supplements or for disease suppression, suggesting
the Cd, Ni and Pb were most likely contaminants in the mineral
supplements [19]. Composition of Pb observed in higher
amounts for cow manure tested in comparison with other
contaminants. The presence of many of these unwanted
elements in the manure altered by changing the source of
mineral supplements.

TABLE VI. COMPARISON OF INORGANIC COMPOSITION OF
HALHALE DAIRY MANURE

Element Amount Element Amount
Cu <0.02 % B <50 ppm
Mn 241 ppm Cd <10 ppm
Zn 0.043 % Pb <0.02 %
Co <10 ppm Hg <1 ppm
Mo <20 ppm Ni <10 ppm
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Fig. 6. Salts Composition in Halhale Dairy Manure Samples

H. Salt Composition of Cow Manure & Its effect on Soil
Fertility

Halhale Cow manure noted significant amounts of sodium
(Na), calcium (Ca) and magnesium (Mg) salts as shown in figure
6. Sodium in manure mostly present as NaCl, and measured in
the range of 0.73-1.03 % (weight). The excess salts (salinity) and
soil quality adversely impacted by the excessive sodium, causes
to sodicity, detrimentally affect plants. Subsequently, sodicity
result in soil crusting. Ca and Mg in the manure present in the
form of sulphate or bicarbonate, which are water-soluble and
they estimated in the spectrum of 0.51-1.02% and 0.48-0.765
respectively for the Halhale dairy samples.

The Sodium Absorption Rate (SAR) is the ratio of Na to Ca and
Mg, which is used as measure of salt concentrations, causes soil
sodicity. Evaluated SAR have shown much variation and lie in
the range of 0.477-0.844 for Halhale dairy manure samples as
displayed in Fig 6.

IV. CONCLUSIONS

Physicochemical and thermal properties of Halhale dairy
manure were evaluated primarily to assess the potential
applications for the production of bioenergy and biofertilizer.
Proximate analysis of fresh cow manure has revealed a mean TS
content of 14.35 % with a volatile matter of 64.8% and ash
content of 23.3%. Average carbon and sulfur contents measured
using X-ray fluorescence as 43.1% and 0.31%. Hydrogen and
nitrogen compositions were evaluated as 4.57 % and 1.58 %
respectively. Thermophysical parameters such as PH, SG and
LHV determined as 7.025, 1.68 and 19.97 MJkg* for the manure
samples examined. Higher calorific values of Halhale dairy
manure evident that it could be a sustainable fuel substitute for
the energy production. The optimum C/N values of cow manure
evaluated in the range of 25.68-27.3, ensure their best aptness
for the biogas generation. Halhale dairy manure determined as
an organic rich substance with an average protein content of
9.87% on dry basis and accompanied a moisture content of
85.65% on wet basis ensure their appropriateness to support
large number of earthworms in vermicomposting process.
Manure characterized with a mean proportion of N:P,Os as 3.84
along with rich concentrations of potassium in the spectrum of
0.41-1.97%, which corroborates that it can support the growth



of all kinds of crops. In addition, Halhale dairy manure found as
rich in providing desired micronutrients such as Zn, Cu and Mn
for the plant growth despite of significant Pb levels, which does
not have any biological functions in the plant cell. Sodium salts
in the manure samples measured as high as 1% with SAR of
0.84, which help to control the soil sodicity. However, this study
has evaluated many parameters that are helpful to select cow
manure as a feedstock for bioenergy or biofertilizer production,
it has certain constrains in the evaluation of nitrogen and LHV
as they depend on applied model precision and its validation.
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