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This study aimed to understand the degradation pattern of cattle manure with
different types of bulking materials during composting. For this purpose, a com-
posting experiment was conducted with three bulking materials e.g., T; (com-
posting with dry chopped straw), T, (composting with dry tree leaves) and T,
(composting with saw dust) with 3 replications. Parameters studied were dry
matter (DM), organic matter (OM), ash, organic carbon (OC), total nitrogen
(TN), crude fiber (CF), carbon nitrogen ratio (C/N) and pH at different days of
intervals. Results showed that the bulking materials have a significant influence
on the quality of the final compost. The highest DM content was observed in T
(48.17%) and the lowest DM content was observed in T, (38.36%) after 45 days
of composting. There were significant (p<0.01) higher reduction rate of OM, OC
and CF were found in T3 compared to T, and T, and the differences were also
significant (p<0.01) among days intervals over 45 days of experimental period.
TN content gradually decreases with the increase of time. But there was no sig-
nificant difference in TN alteration among the treatments along with time inter-
vals. There were significant differences (P<0.01) in C/N among treatments and a
gradual increment of C/N was found with the advancement of the composting
operation. There was a little change in pH of all the treatments but those treat-
ments were not followed a trend during the total experimental period. Finally, it
may be concluded that CF and OM degradation rate is faster in Tscompared to
T, and T,. These might be indicated that saw dust might be used as an efficient
bulking material that enhances OM degradation during composting of cattle ma-
nure.
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Introduction

gas in the air (Ashan et al., 2014; Lee et al. 2009; Sarker et

Livestock farming play an important role in the economy of
Bangladesh (Baset et al., 2003; Begum et al., 2007; Rahman
et al., 1997, 1998 and 1999) that helps to establish livestock
industries for the last two decades. Bangladesh is ranked
fourth for livestock population in the world which is contrib-
uting for milk, meat and eggs for 160 million people in
Bangladesh. The growing livestock industry over the last 20
years created serious waste disposal problems. The large
quantities of manure produced during animal production are
difficult to manage and expensive to dispose. It is also esti-
mated that approximately 156 million tons of cattle manure
are produced in Bangladesh every year (Modak et al., 2019).
These manures are a potential source of hazard to the envi-
ronment due to the release of N and P to the streams, ponds
and ground water; as well as ammonia, hydrogen sulphide

al., 2018) due to inappropriate disposal of waste (Rahman et
al., 2008: Roy et al., 2013; Sarker et al., 2009). Livestock
manures are also potential risk of health and environmental
issues to those of human wastes and should be treated
properly. The utilization of waste as an organic fertilizer can
be convenient option of disposing the waste. Cattle manure is
a valuable resource as a soil fertilizer, as it provides high
contents of macro- and micro-nutrients for crop growth and
is a low-cost alternative to mineral fertilizers (Ghos et al.,
2004). Composting is one of most convenient way of utiliz-
ing cattle manure that increases soil fertility and crop pro-
duction. Aerobic microorganisms, along with bacteria, pro-
tozoa, yeast, mould, actinomycetes, rotifers are involved in
composting process and decompose the organic substances
into humus like substances that improve soil fertility. It also
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provides essential nutrients such as nitrogen, phosphorus,
potassium, as well as enhances the microbial population nec-
essary to release nutrients from the soil as well as the ma-
nure. Composting is a process of biological decomposition
and stabilization of organic substrates, under controlled con-
ditions that allow the development of thermophilic tempera-
tures as a result of biologically produced heat, to produce a
stable product, free of pathogens and plant seed and which
can be beneficial for land application (Won et al., 2016;
Rahman et al., 2013). In recent years, intensive livestock
production has resulted in high density of animals in small
areas, producing large quantities of solid waste with relative-
ly insufficient nearby land for application (Ahsan et al.,
2013). In that condition, composting might be an effective
way of recycling manures.
During composting process, nitrogen is largely emitted as
ammonia (NH3) when organic matter is actively decomposed
(Kuroda et al., 2004). The NHj3 emission occurred in quite
high concentrations and large amount of nitrogen is lost dur-
ing the treatment. For a successful composting, key factors
such as temperature, aeration, moisture and nutrients should
be appropriately controlled. The C/N ratio is one of the im-
portant factors affecting composting process and compost
quality. It is considered C/N ratio at 25-30 as the initial op-
timum ratio for composting (Lee et al., 2009). During com-
posting process, organic materials are modified by decompo-
sition through a wide variety of biological and biochemical
processes. Commonly used bulking materials for good com-
posting are saw dust, straw, crop residue and tree leaves
(Alam et al., 2013). Saw dust is a carbon source has a very
fine particle size providing a good carbon source (Won et al.,
2016). However, it is very poor in providing air circulation.
It is also quite absorbent, and when moisture fills the spaces,
air has a hard time circulating. If using fine materials like
saw dust, it will need to be turned frequently or air will need
to be forced through the pile which is hard with dense mate-
rial. Primary goals of composting have included the safe
handling of organic wastes and enhancement of soil's fertili-
ty. In the present study, we compared composting operations
using different bulking materials under similar conditions
and elucidated the effects of bulking materials in cattle ma-
nure composting. Therefore, the present study was carried
out with the following objectives:

i.  To see the effect of organic matter degradability of

cattle manure with different bulking materials.
ii. To identify better quality compost from cattle ma-
nure using different bulking materials.

Materials and methods

Experimental location and duration

The experiment was conducted in two phases: The first
phase was the preparation of compost and the second phase
was laboratory analysis of compost. Preparation of compost
and related activities were carried out at the goat and sheep
farm under the Department of Animal Science, Bangladesh
Agricultural University, Mymensingh. The composting peri-
od was 45 days i.e. 28 January to 12 March 2019. The labor-
atory analysis of the compost was completed at the laborato-
ry in the Department of Animal Science, Bangladesh Agri-
cultural University, Mymensingh.

Design of experiment

Cattle manure was used as composting material in this exper-
iment. To fulfill the objectives of this experiment, three
treatments were conducted with different bulking materials,
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such as composting with dry chopped straw (T,), composting
with dry tree leaves (T,), composting with saw dust (T5). The
samples from composted materials were collected at 0, 15,
30 and 45 days for proximate analysis. In each treatment
there were three replications to minimize the experimental
errors. A total of nine composting pits were prepared for
conducting this experiment.

Collection of raw materials

Manure for this experiment was collected from cattle shed of
the Department of Animal Science, Bangladesh Agricultural
University, Mymensingh. Dry rice straw and dry leaves were
collected chopped before mixing with manure for compost-
ing are collected from nearby the manure pit of the farm
premises. Saw dust was collected from a nearby sawmill.

Preparation of compost pit and composting operation
Animal Science Field Laboratory has its own concrete-made
compost pits. Nine pits were used for 3 different treatments
of composting. The pits were well built with an altitude of 3
feet, length of 2 feet, and width of 1.5 feet providing with
sufficient environment for composting. The composting shed
was an open shed for the composting operation which was
always locked to prevent entry of unauthorized persons or
other unwanted beings. The entire experiment remained un-
disturbed during the experiments. About 55 kg of mixed cat-
tle manure that contains 60% moisture was used to fill the
aforementioned compost pit each. About 200 ml of Tricho-
derma spp suspension (spore density 3.5x10% CFU/ml) was
mixed well during premixing with the bulking materials in
all 9 compost mix, as it is a quick decomposer of waste bio-
masses. On the beginning of composting pit temperature was
22°C. Turning or mixing of composting materials was per-
formed after every 15 days to provide oxygen to the mi-
crobes.

Collection of sample for laboratory analysis

Samples were prepared from the mixed composting materials
just after mixing on the 1% day of experiment. There were
three replications in each treatment of the composting. Then
the collected samples were stored in refrigerator at 4° C tem-
perature in Animal science laboratory for further analysis.
Second collection was done after 15 days of first and the
final sample collection was on the 45th day of composting
process. After each collection each sample was analyzed to
determine dry matter (DM), crude protein (CP), ether extract
(EE), crude fiber (CF), Ash and pH of each replication of
respective sample.

Determination of proximate components

The samples were weighed and dried in an oven at a temper-
ature of 105 degree Celsius for 2 days until the constant
weight is attained. Nitrogen content of all samples was de-
termined by Kjeldhal digestion. A 5gm sample with concen-
trated H,SO,4 and 1.5g mixed catalyst distilled into 2 percent
boric acid solution and titrated with 0.1N HCI. The CF con-
tent of the supplied sample was calculated by subtracting the
weight of ignited sample from the weight of acid and alkali
treated oven dried sample. For pH determination, 2g of sam-
ple from each replication were taken followed by adding 50
ml of distilled water and mixed thoroughly by rigorous stir-
ring. The extracts were filtered through filter paper and pH
of the sample was determined using a laboratory pH-mV
meter. After determination of DM, the samples were taken
for determination of OM by deducting ash. One (1) g of
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sample was ignited in a muffle furnace at 550 °C for 5 hours.
After ignition the remaining weight of sample was ash. The
weight of ash was deducted from the DM for estimation of
OM. All analyses were done according to AOAC (1990).

Statistical analysis

The data were analyzed for in a Completely Randomized
Design (CRD) in SAS software. Significant mean values
were tested with Duncan’s Multiple Range Test (DMRT).
All data were presented as Means = SEM.

Results and discussion

Dry matter (DM) changing pattern during composting
DM changing pattern of different composting up to 45 days
period were shown in Table 1. It was found that the DM con-
tent increased with the increasing of time. Initial higher DM
was found in T, the final highest DM content (48.17%) was
observed in Tsafter 45 days of composting. Composting op-
erations were done at aerobic condition and frequent turning
operations were favorable for moisture loss might be cause
of higher DM content. There was significant difference in
different treatments (p<0.05), days intervals (p<0.01) and the
interaction of treatments and days intervals (p<0.05. This
same trend of result was observed by Adely and Kits (1983)
who reported that DM content increased during composting
period. The DM content composting materials is an im-
portant parameter of composting. Sherman (2005) stated that
initially 65% moisture contents is suitable for aerobic micro-
bial growth, but compost with too little moisture does not
have enough available water for the microorganisms to effec-
tively metabolize nutrients, a function essential for material
decomposition. Conversely, materials too saturated with
moisture could operate under anaerobic conditions due to the
lack of oxygen entrance into the heap. In this composting
operation, initial moisture was little higher; therefore, fre-
quent turning was executed in the earlier composting to en-
sure O, inside the composting pit.

Table 1. Status of DM (%) during composting of cattle
manure with different bulking materials.

DI Treatments Level of Signifi-
cance
T, T, T3 Treat DI T*DI
0 25.65°+0.65 27.88°+0.26 22.15°+0.45
15 32.51°+0.33 31.29°¢0.45 33.86°+0.42 - o -

30 36.35°+0.30 33.09°+0.49 45.28%+0.62
45 38.59°+0.44 38.36"+0.45 48.17%+0.52

T, = Composting of cattle manure with rice straw, T, = Composting
of cattle manure with dry tree leaves, T; - Composting of cattle
manure with saw dust, same superscripts in different treatments
groups did not differ significantly, ** means significant at 1% level
of probability, *means significant at 5% level of probability,
DI=Days of intervals, Treat= Treatment, T*Dl=Interaction of
treatment and day intervals.

Organic matter (OM) changing pattern during compost-
ing

OM changing pattern of different composting up to 45 days
period were shown in Table 2. The study found a gradually
increase in OM content in all of the treatments of composting
over 45 days. In case of cattle manure with rice straw (T,),
the lowest OM content was observed at 0 day of composting
and highest at 45 days. Similarly, in case of cattle manure
with dry tree leaves (T,), the lowest OM content was ob-
served at 0 day of composting and highest at 45 days and in
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case of cattle manure with saw dust (T5), the lowest OM con-
tent was observed at 0 day of composting and highest at 45
days. There was significant difference in OM alteration
among treatments (p<0.05), day intervals (p<0.01) and the
interaction of treatments and days intervals (p<0.05) over 45
days of period. Compost stability refers to the resistance of
compost organic matter to further rapid degradation and can
be directly measured by respiration rates (Eggen and Vethe,
2001; Sullivan and Miller, 2001). Different types of volatile
organic compounds and their intermediates were recovered
from the composted materials. The major phytotoxic com-
pounds include either phenolic compounds or short chain
fatty acids (Young and Chou, 2003). The amount of these
compounds varies with the composting method and feed-
stock.

Table 2. Status of OM (%) during composting of cattle
manure with different bulking materials.

DI Treatments Level of Signifi-
cance
T, T, Ts Treat DI T*DI
0  21.50°#0.43 20.50°t0.34 21.54"+0.57
15 22.49°+0.09 22.53°+0.39 23.12°+0.70 ., .. .

30 25.32°+0.27 23.58°+0.33 26.26+0.39
45 26.68°+0.15 24.96°+0.47 27.51°+0.81

T, = Composting of cattle manure with rice straw, T, = Composting
of cattle manure with dry tree leaves, Tz - Composting of cattle
manure with saw dust, same superscripts in different treatments
groups did not differ significantly, ** means significant at 1% level
of probability, *means significant at 5% level of probability,
DI=Days of intervals, Treat= Treatment, T*DI=Interaction of
treatment and day intervals.

Changing pattern of ash during composting

The changing pattern of ash at different treatments up to 45
days period was shown in Table 3. The study found a gradual
increase in ash content in all of the treatments of composting
over 45 days period of composting. The minimum ash con-
tent was observed in T, at 0 day, and the maximum ash was
observed in T3 at 45 days. There was significant difference in
different treatments, the interaction of treatments and days
intervals (p<0.05). Roy et al. (2013), Alam et al. (2013) and
Jacob et al. (1997) also stated that the ash content increased
due to increasing of composting time.

Table 3. Status of ash (%) during composting of cattle
manure with different bulking materials.

DI Treatments Level of Signifi-
cance
T, T, T, Treat DI T*DI
0 2.26°£0.08 2.25°+0.32 3.07%t0.10

2.89°+0.19 3.41%+0.61
3.26°+051 3.69%+0.55
3.96°+0.26 4.64°+0.34

15 2.37°+0.42
30 2.55+0.39
45 2.85°+0.20

T, = Composting of cattle manure with rice straw, T, = Composting
of cattle manure with dry tree leaves, T3 - Composting of cattle
manure with saw dust, same superscripts in different treatments
groups did not differ significantly, *means significant at 5% level of
probability, DI=Days of intervals, Treat= Treatment, T*DI= Inter-
action of treatment and day intervals.
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Changing pattern of organic carbon (OC) during com-
posting

The changing pattern of OC at different treatments up to 45
days period was shown in Table 4. A decreasing pattern
changing OC was found in all three treatments up to 45 days
of composting period. The highest OC contents were found
at the starting day in T5 and the lowest OC was found in T, at
45" day of composting. There was significant difference in
OC decomposition among treatments and day intervals
(p<0.01) and the interaction of treatments and days intervals
(p<0.05) over 45 days of composting period. The data re-
vealed that total organic carbon gradually decreased with the
advancement of composting period. Compost is an organic
matter resource that has the unique ability to improve the
chemical, physical, and biological characteristics of soils or
growing media, and it contains plant nutrients but is typically
not characterized as a fertilizer. Composting is considered as
a viable and environmentally sound method of waste man-
agement that hastens the decomposition of the organic waste
under controlled conditions, thereby reducing its volume
(Eneji et al., 2001). It is a microbial driven process, during
which microorganisms utilize the decomposable organic
waste both as a source of food and energy (Chefetz et al.,
1998). Eneji et al. (2001) found an increase in humic acid
and acid-extractable phosphorus along with a decline in the
levels of carbon and nitrogen. Generally, the source of raw
material influences the humification process during compost-
ing (Chefetz et al., 1998). This is not unexpected since com-
posting is essentially a biochemical process in which C and
N are mineralized and lost in gaseous forms as carbon diox-
ide, ammonia, N,O and N,. Eneji et al. (2003) also reported a
decrease in total C by 18% after 195 days of co-composting
animal wastes.

Table 4. Status of OC (%) during composting of cattle
manure with different bulking materials.

Dl Treatments Level of Significance

T T, T, Treat DI T* DI

0 15.41%+0.08 14.43°+0.27 15.91%+0.47
15 14.63°+0.15 13.62°+0.19 15.17°+0.22
30 13.00°+0.05 13.02°+0.22 13.36°+0.41
45 12.42%+0.24 11.82°+0.20 12.45%+0.33

*% *% *

T, - Composting of cattle manure with rice straw, T, = Composting
of cattle manure with dry tree leaves, T, - Composting of cattle
manure with saw dust, same superscripts in different treatments
groups did not differ significantly, ** means significant at 1% level
of probability, *means significant at 5% level of probability,
DI=Days of intervals, Treat= Treatment, T*DlI=Interaction of
treatment and day intervals.

Changing pattern of total nitrogen (TN) during compost-
ing

The changing pattern of TN at different treatments up to 45
days period was shown in Table 5. There was a decreasing
pattern of total N was observed at different treatments of
composting throughout composting period. The highest N
loss was occurred in T, during 45 days of composting. But
the differences in TN content were statistically not signifi-
cant among the treatments, day intervals and the interaction
of treatments and days intervals over 45 days of composting
period. The enhancement of total N in compost was probably
due to mineralization of the organic matter containing pro-
teins (Kaushik and Garg, 2003). Gaseous nitrogen losses
during composting occur mainly as NH; but may also occur
as nitrogen gas and NO, (Lee et al., 2009). Hansen et al.
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(1989) reported that the total N loss was 33% of the initial N
during the composting of sewage and straw mixtures and that
it increased up to 50% of the initial N during the composting
of poultry manure.

Table 5. Status of TN (%) during composting of cattle
manure with different bulking materials.

DI Treatments Level of Significance

T T, T, Treat DI  T*DI

0 1.09+0.01 1.07+0.01 1.08+0.06
15 1.07+0.04 1.06+0.03 1.06+0.02
30 1.05+0.02 1.04+0.03 1.04+0.02
45 1.01+0.01 1.02+0.03 1.03+0.03

NS NS NS

T, - Composting of cattle manure with rice straw, T, = Composting
of cattle manure with dry tree leaves, Tz - Composting of cattle
manure with saw dust, same superscripts in different treatments
groups did not differ significantly, NS means not significant,
Di=Days of intervals, Treat= Treatment, T*Dl=Interaction of
treatment and day intervals.

Changing pattern of crude fiber (CF) during composting
The changing pattern of CF at different treatments up to 45
days period was shown in Table 6. A clear decreasing pattern
of CF content in all treatments was found during 45 days of
composting. The highest degradation of CF was occurred in
Ts, followed by T, and T,. There were significant differences
in CF degradation among treatments and day intervals
(p<0.01) and the interaction of treatments and days intervals
(p<0.05) over 45 days of composting period. Faster CF deg-
radation rate in T3 might be indicated that saw dust provides
a favorable condition for microbial activity. It might be indi-
cated that microbial enzymes involve in CF digestion that
reduced the CF content during aerobic composting process.

Table 6. Status of CF (%) during composting of cattle
manure with different bulking materials.

DI Treatments Level of Signifi-
cance
T, T, T3 Treat DI T* DI
0  26.82°+0.29 18.94°+0.34 28.37°+0.50
15 22.31°+0.57 16.59°40.42 25.36°+0.52 ., .« .

30 21.28%+0.66 15.07°+0.47 22.36°+0.47
45 20.09°+0.59 13.29°+0.12 19.09°+0.55

T, - Composting of cattle manure with rice straw, T, = Composting
of cattle manure with dry tree leaves, T; - Composting of cattle
manure with saw dust, same superscripts in different treatments
groups did not differ significantly, ** means significant at 1% level
of probability, *means significant at 5% level of probability,
Di=Days of intervals, Treat= Treatment, T*Dl=Interaction of
treatment and day intervals.

Changing pattern of C/N during composting

The changing pattern of C/N at different treatments up to 45
days period was shown in Table 7. There were also found a
decreasing pattern in C/N at all treatments with the ad-
vancement of composting process in all treatments. There
were significant differences in C/N among treatments and
day intervals (p<0.01) and the interaction of treatments and
days intervals (p<0.05) over 45 days of composting period.
The similar trend was found by Kaushik and Garg (2003)
reported that composting resulted in significant reduction in
C/N ratio. The organic carbon, chemical oxygen demand and
C/N ratio decreased significantly during maturation of the
compost irrespective of treatments and method of compost-
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ing (Jeevan et al., 2007). The end product of compost was
resembled with humus and used as a means of soil amend-
ment. Composting reduced the volume of the organic waste
and destroyed the harmful pathogens as the process was con-
trolled properly (Keener and Elwell, 2000). Wong and Chu
(1985) noted that toxicity effects diminished as the time of
composting increased, presumably because of lower organic
acid concentrations in the material, indicated by reductions
in the C/N ratio.

Table 7. Status of C/N during composting of cattle ma-
nure with different bulking materials.

DI Treatments Level of Signifi-
cance
T, T, Ts Treat DI T* DI

0 23.70°+0.71 23.18°+0.13 25.31%+0.74
15 23.01°+0.82 21.79°40.40 24.23°+0.21 ,, ,, N
30 20.36%t0.45 19.93°+0.25 20.69%+0.25
45 18.26°+0.13 16.95°+0.28 19.41%+0.15

T, - Composting of cattle manure with rice straw, T, = Composting
of cattle manure with dry tree leaves, T3 - Composting of cattle
manure with saw dust, same superscripts in different treatments
groups did not differ significantly, ** means significant at 1% level
of probability, *means significant at 5% level of probability,
DI=Days of intervals, Treat= Treatment, T*DI=Interaction of
treatment and day intervals.

Changing pattern of pH during composting

The changing pattern of C/N at different treatments up to 45
days period was shown in Table 8. On the advancement of
the composting period a little change in pH in all the treat-
ments but those treatments were not follow a trend. At the
end of the composting, the highest pH found at T, and lowest
pH found in Ty. There was no significant difference in pH
alteration among treatments and days interval. Slightly alka-
line pH in the final compost is very effective for acidic soil
that helps to neutralize the soil acidity. The pH values
changed during composting, due to changes in the chemical
composition. In general, the pH fell below neutral in the be-
ginning due to the formation of organic acids and latter rose
above neutral because the acids were consumed and ammo-
nium was also produced (Beck-Friis et al., 2003). Hernando
et al. (1989) reported that compost products had a near to
neutral or slightly alkaline pH with a high buffering capacity.

Table 8. Status of pH during composting of cattle manure
with different bulking materials.

DI Treatments Level of Significance
T, T, T3 Treat DI T*DI

0 8.15+0.57 8.29+0.30 8.17+0.43

15 7.79+0.32 8.41+0.45 8.19+0.55

30 7.78+0.34 8.18+0.60 8.28+0.68 NS NS NS

45 8.18+0.13 8.2840.53 8.23+0.59

T, = Composting of cattle manure with rice straw, T, = Composting
of cattle manure with dry tree leaves, T3 - Composting of cattle
manure with saw dust, same superscripts in different treatments
groups did not differ significantly, NS means not significant,
DI=Days of intervals, Treat= Treatment, T*DlI=Interaction of
treatment and day intervals.

Conclusions

Development and growth of aerobic microorganisms and
their enzymatic action successfully decompose the biomass-
es. Bulking materials have a significant effect on microbial
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growth and propagation. The highest CF and OC decomposi-
tion was occurred in T3 among all three treatments indicated
that microbial growth and development was optimum in that
case. Therefore, it might be concluded that saw dust is an
effective bulking material for composting cattle manure.
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