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Introduction
With the rapid development of livestock breeding industry 
intensive and scale, livestock and poultry manure waste 
increased dramatically, which has become the main source of 
agricultural organic solid wastes in China [1]. According to the 
statistics of the China Dairy Association, it was about 1.8 billion 
fecal waste that was produced in China's dairy farming every 
year, such as litter, feed residue and other waste [2]. A large 
number of organic wastes piled up together could not be treated 
properly, which posed a serious of threats to the surrounding 
environment. Composting was an effective way to reduce 
livestock manure and realized harmless treatment and resource 
utilization [3-7]. According to the determination that moisture 
content of non-water flushing livestock manure was about 
65%~85% while the flushing livestock manure moisture content 
could up to 90%. The high water content had a great influence 
on the capacity, storage, transportation and processing effect [8-
10]. How to effectively reduce the moisture content of livestock 
and poultry feces was an important link in fecal treatment.

At present, there are many methods for livestock droppings 
drying or reducing moisture in domestic and outside areas 
[11,12]. In relative terms, the biological drying technology 
attracted people's attentions because of low processing costs, 
product safety and high efficiency. The term biological drying 
of livestock manure was first proposed in 1984 by Jewell W 
J who was an American scientist, Cornell University. The 
principle was to use microbial decomposition of organic matter 
produce energy and increase the emission of moisture in feces, 
which was purposed to reduce water content then acknowledged 
dryness in the process of composting. Jewell thought that 

microbial degradation effect was the most active when the 
water content was 40% and the temperature was 60 degrees 
centigrade using the principle of bio-drying and taking batch 
compost, which based on the experimental research on mixing, 
temperature, air velocity and other factors [13]. TL Richard 
[14] thought composting, biological drying were related to 
physical and biological processes. Arrhenius enzyme kinetics 
equation and Albright stoichiometric equation were applied to 
describe the relationship between factors about temperature, 
ventilation rate and moisture emission rate. What’s more, 
the corresponding model was built. It was inferred that every 
kilogram of volatile solids could get rid of 1 kg water every 
day. In other words, the moisture of manure could decrease 
from 75% to 57% when consumed every kilogram volatile 
solids every day. Richard et al [15] and Choi et al [16] put 
forward the continuous batch or semi continuous composting 
technology, which was based on the previous batch compost 
on. The fully mixed aerobic biological reactor was designed 
and manufactured as well. The experiment was done for 6 days 
in the reactor. The result showed that the moisture of manure 
could decrease by 0.46~0.78 kilogram when consumed every 
kilogram volatile solids. Many experiments had shown that 
moisture content was often higher than 30% after composting. 
For example, Singh [17] took vegetable waste, sawdust and cow 
dung as raw material for composting. The initial water content 
was 63.5%~76%. After 20 days composting, the final moisture 
content was 47.5%~72%; Roca-Perez et al [18] was in the test 
of straw and sludge composting, the initial moisture content 
was adjusted to 60.3%, after 90 days of composting, the final 
moisture content was 39.9% ~42%.
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Our country had done some research works in the disposal 
of sludge drying and some organic waste using composting 
technology [19,20]. Chang et al. [21] in Jiangsu Academy 
of Agricultural Sciences conducted pig manure biological 
drying test in Changshu city. The results showed that using the 
batch compost, adding conditioner methods, the pig manure 
moisture decreased from 700g/Kg to 550g/Kg during 20 days 
composting. Chen [22] developed a complete set of equipment 
for drying treatment on chicken manure fermentation. Using 
this equipment, the moisture could be reduced from 650g/Kg 
to 200g/Kg in 25~35 days biological fermentation. However, 
there still had little research about alkaline treatment on 
animal manure bio-drying researches in China. Some foreign 
researchers had used calcium oxide as stabilizer. For examples, 
Babyranidevi et al. [19] found that alkaline treatment on 
municipal solid waste gave better composting performance. 
Mijaylova et al. [23] researched alkaline stabilization with 
lime produced a well stabilized and sterilized solution when 
sludge was made for composting. Bulter et al. [24] used lime as 
stabilizer for bio solids compost treatment to test three methods 
for determining compost maturity. The study on CaO2 applied in 
manure aerobic composting in China was studied by professor 
Qu’s research group and they found that the addition of CaO2 in 
cow manure was shortening the composting time, extended the 
high temperature period and provided sufficient oxygen meeting 
the growth needs of aerobic microorganisms [25].

In this experiment, cow dung and tobacco waste were used 
as raw materials for fermentation. The CaO and CaO2 were 
selected as stabilizer and oxygen supplement respectively. The 
variation of temperature, moisture, pH, nitrogen, phosphorus, 
potassium and the number of microorganism on cow manure 
piles in each period were analyzed and compared in the process 
of CaO, CaO2 and CaO combined with CaO2. It was expected 
to know clearly the effect of CaO and CaO2 on fast bio-drying 
technology during compost, which could provide theoretical 
and technical guidance for the harmless treatment on cow dung 
and compost production.

Materials and Methods
Compost material
Fresh cow dung (collection station in Dengchuan Town, Eryuan 
County, Dali, China), tobacco waste (Ningfa Technology Co. 
Ltd in Nanning), CaO and CaO2 (Hongsheng calcium Industry 
Co. Ltd in Qingyang County). The properties of compost 
materials were shown in Table 1.

Composting design
The research was a pilot scale experimental. The fresh cow dung 
and tobacco were mixed in the ratio of 5:2 and then added CaO, 
CaO2, CaO and CaO2, CaO and CaO2 (continuous addition) to 
the mixture respectively. The mixture groups were piled into 
the shapes of windrow with 3m long, 2m wide and 1.2m high. 
The way for ventilation was through turning heap every 3 days 

during a period of 35 days. The specific experimental material 
compositions were shown in Table 2.

Analysis methods
Observing the physical characteristics of pile surface of 
the reactor and determining the parameters of temperature, 
moisture, organic matter, total nitrogen (TN), phosphorus 
(TP) and potassium (TK) in the composting pile process. The 
pile temperature was measured by ordinary thermometer with 
minimum scale was 1℃. The water content was determined 
according to the standard of NY525-2012 standard. The organic 
matter content was measured by potassium dichromate capacity 
method. Total nitrogen (TN) was measured by Kjeldahl method. 
Total phosphorus (TP) was applied by spectrophotometry and 
total potassium (TK) was applied by flame photometry method. 
The relative species of cow manure piles in each period was 
analyzed by 16S rRNA gene sequencing technology [26,27].

Results and Discussion
Changes and analysis of physical properties of compost 
materials
Changes and analysis of compost materials: In the beginning, 
the surface of group 2 pile was brown with a thick smell of 
fresh cow dung while group 1, 3, 4 were dark brown and 
fresh cow dung odor was significantly reduced because of 
the addition of CaO. Then, the surface of group 1, 3, 4 piles 
changed into black and produced white mycelium after 6 days 
composting. The surface of group 2 pile also appeared white 
mycelium but its surface color did not change. What’s more, the 
agglomerate phenomena of group 1, 3 and 4 piles disappeared 
after 15 days composting and these piles began to tend to be 
uniform and loose. At the end of composting, the materials of 
group 1 and 2 piles were light brown and had a small amount 
of agglomerated while the compost materials were dark brown, 
loose, homogeneous and without caking in the group 3 and 4 
piles. In summary, the group 4 effect was obvious. The finished 
composting of group 4 had dark brown color, no odor, obvious 
humus flavor and loose structure. 

Changes and analysis of temperature and pH during 
composting: The change of temperature was an important 
indicator for microbial activity, which could reflect the maturity 
degree of compost and directly affect the rate of drying [28]. 
In the initial stage of composting, the content of organic 
substances was rich, which were decomposed by the aerobic 
microorganism quickly and released heat to increase the piles’ 
temperature. The optimum composting temperature was 50~60 
℃, which was beneficial to kill pathogens in the soil. Too 
high or too low temperature was not beneficial to the process 
of cow manure composting. Too low temperature affected 
the decomposition rate of organic matter. On the contrary, it 
could inhibit and even kill some normal microorganisms [29]. 

Raw materials moisture/% pH organics/% TN/% TP/% TK/%
Cow manure 87.2 7.55 94.3 1.77 1.64 1.52
Tobacco waste 20.45 5.47 83.6 1.28 0.56 6.78

Table 1. Properties of compost raw materials.

Table 2. Experimental material compositions.
Group Material compositions

1 3t cow manure + 1.2 tobacco waste + 150kg CaO
2 3t cow manure + 1.2 tobacco waste + 100kg CaO2

3 3t cow manure + 1.2 tobacco waste + 150kg CaO + 100kg CaO2

4 3t cow manure + 1.2 tobacco waste + 150kg CaO + 100kg CaO2 
(10kg CaO2 was added in every-time piles turning)
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Therefore, the temperature was necessary to kill pathogens, 
ensure the qualified hygienic indexes and maturity on aerobic 
compost.

In view of Figure 1a, the temperature of group 1, 3 and 4 piles 
heated obviously, which was higher than that of group 2. It 
was in the second day that group 1, 3 and 4 piles reached high 
temperature stage while group 2 pile needed four days, which 
indicated the temperature change was mainly influenced by CaO 
when CaO and CaO2 were existence in piles. The temperature 
of group 4 piles rose to 65 ℃ only needed four days, which 
was because of the CaO addition and continuous addition of 
CaO2 that made oxygen supplement constantly and promoted 
microbial metabolic activity so that the temperature reached 
the highest. Therefore, CaO2 as oxygen supplement had a good 
effect on rapid drying and deodorization during composting, 
especially it worked better together with CaO.

The pH value was also an important parameter of aerobic 
microbial activity in composting process. It was researched 
that the best pH value of microorganisms was neutral or weak 
alkaline. When pH value was below 4.5 or more than 10.5, 
it would seriously affect microbial activity that most of the 
bacterial activity was weakened [30]. The change of pH value 
during composting was the result of the interaction of organic 
acids produced by carbon organic compounds, ammonia and 
proteins [31,32].

Figure 1b showed the pH trend on compost with time. In the 
initial stage of composting, the detection value of pH fluctuates 

greatly because of the addition of CaO and CaO2. Among them, 
the pH value of group 2 pile was lower than other three groups, 
which may be as a result of the CaO without expansion. Then 
the pH value of four groups tended to stabilize and remained 
between 8~9 with the compost time going on. At the end of 
composting, the pH value of each group was kept below 9, 
which was suitable for the optimum environment for microbial 
growth of compost. 

Variation and analysis of moisture and organic matters: 
Moisture was also a very important parameter of composting 
as microbial material took only water-soluble nutrients. It was 
directly affecting the processing speed and maturity of cattle 
manure [33,34]. The moisture content, too high or too low would 
have a negative impact on the aerobic microbial decomposition 
and metabolic activities [35]. It was generally believed that the 
optimum moisture of compost was about 50%~60% [36,37]. 
Adding CaO and CaO2 to groups of 3 and 4 piles, the water 
content of composting was lower than that of group 1 and 2, 
because the reaction among CaO, CaO2 and water, released 
heat and oxygen and promoted the evaporation of water during 
composting.

It was showed that moisture changes of piles had the same trend 
in 30 days composting (Figure 2a). There had obvious change of 
group 1, 3 and 4 piles moisture, which were kept below group 2 
pile after 30 days composting. Although moisture of each group 
dropped to below 30% at the end of composting, the moisture of 
group 3 and 4 piles were the lowest, both of which were 23.5%. 
It was far lower than group 1 and 2 pile at 25.1% and 27.8% 
respectively, which indicated that CaO and CaO2 had certain 

Figure 1. Temperature and pH changes of composting piles;(a)Change of temperature in different groups, (b)Change of pH in different groups.
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Figure 2. Variation of moisture and organic matters in different group piles;(a)Changes of moisture in different groups,(b)Changes of organic matter in different 
groups.
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synergy effects on the decline of composting piles moisture no 
matter what the way to adding. What’s more, fluctuations of 
moisture might be impacted by rainfall.

The organic compounds were gradually oxidized and 
decomposed by aerobic microorganisms in the process of 
composting [38,39]. At the same time, the contents of TN, TP 
and TK remained relatively stable or slightly increased and the 
fertilizer efficiency could be continuously enhanced [40-44]. 
The organics were decomposed into CO2, water and minerals 
in the process of composting. The decomposition products were 
also synthesized into new hemic substances under the action of 
microorganisms. According to Figure 2b, the organic matters 
in all experiment group piles had a certain reduction. However, 
the organics of group 4 decreased the most, which was mostly 
because the continuous addition of CaO2 that could provide 
more oxygen to the compost in the piles in the high temperature 
stage. What’s more, the microorganisms’ metabolic activities 
could consume more organic matter in the composting piles 
with the addition of CaO2.

Change of total nitrogen, phosphorus and potassium content: 
Due to the organic matter decomposition by microorganisms 
during composting, however, generally the TN concentration 
slightly decreased or the TP and TK concentration increased 
slightly during composting due to the concentration effect. The 
changes of each group of TN contents in the composting process 
showed first decrease and then increase (Figure 3a). At the end 
of the compost, the TN content of each treatment group was 
less than the initial TN content. The final TN content of group 
2 pile was greater than that of the other groups. However, the 
initial TN content of group 2 pile value was much larger than 
the other groups. Furthermore, the TN content of group 2 piles 
reduced the largest. Therefore, about TN loss in group 2 piles 
greatly needed to be further research and analyzed during the 
composting process.

The TP in four group piles showed a trend for “rising and 
falling” in the process of composting (Figure 3b). At the end 
of composting, the TP of group 1 and 3 piles was larger than 
the initial value. However, the TP of group 1 pile was greater 
than other groups at final while the initial TP content of group 
1 pile was smaller than in the other three groups. Furthermore, 
the TP content of group 1 was increased the largest. Therefore, 
about TP increased greatly on group 1 pile needed to be further 
research and analyzed during the composting process.

It was shown that the changes of TK in four groups appeared 

a more regular “down-up-down-up” trend in the composting 
process (Figure 3b). At the end of composting, the TK of group 
2 and 4 piles was greater than the initial value. However, the 
TK of group 2 pile was higher than other three groups at final 
while the initial TK content of group 2 was smaller than other 
groups. Furthermore, the TK content of group 2 was increased 
the largest. Therefore, about TK increased greatly on group 2 
pile also needed to be further research and analyzed during the 
composting.

Changes and analysis of biomass properties of compost 
materials
OTU rarefaction: The OTU rarefaction curve could be used to 
compare the richness of different sample species with different 
sequencing numbers and it was also to indicate whether the 
sampling was reasonable. When the curve flattened out, it was 
indicated that the sampling depth had been basically covered 
in all the species in the sample [45,46]. In Figure 4, except in 
the start-up and initial heating period, OTU rarefaction curve 
were almost leveled off, which indicated that sampling had been 
basically covered in all the species.

In Figure 4, it was shown that the OTU rarefaction curve in 
four experiment group piles were shaking in the start-up and 
initial warming period, because the microbial bacteria began 
to multiply during aerobic composting. Therefore, the richness 
of four experiment group piles were relative larger especially 
group 2 pile. During the high temperature period, the OTU 
rarefaction curve of group 1, 2 and 3 sample were leveled off 
while the OTU rarefaction curve of group 4 sample was always 
shaking, because the composting pile need to be turned when the 
continue addition of CaO2 happens. In the maturity period, the 
OTU rarefaction curve of four experiment groups were almost 
leveled off, which might be the species of microbial bacteria 
tend to be stable. What’s more, the OTU rarefaction curve of the 
effective microbial agent was also displayed in the bottom of 
Figure 4. The results showed that the sampling on the ordinary 
effective microbial agent was also basically covered in all the 
species and its richness was worse than four experiment group 
piles at any time.

Alpha diversity: Alpha diversity is the biological diversity 
within the sample, which is not related to other samples. The 
Alpha diversity of microorganism in each sample having the 
parameters of calculation are included PD_whole_tree, Chao1, 
Shannon as well as Simpson and so on [47,48]. The Chao1 and 
the PD_whole_tree indexes reflect the richness of community 

Figure 3. Change of TN, TP and TK content in different groups;(a)Change of TN in different groups,(b)Change of TP and TK in different groups.

0 5 10 15 20 25 30

1.5

1.8

2.1

2.4

(a)

TN
(%

)

Time/(d)

 Gp1 CaO
 Gp2 CaO2

 Gp3 CaO+CaO2

 Gp4 CaO+CaO2(cont.)

 

 

0 5 10 15 20 25 30
0.8

1.0

1.2

1.4

1.6

0 5 10 15 20 25 30

3.6

4.2

4.8

5.4

(b)

TP
(%

)

 

TK
(%

)

Time/(d)

 Gp1 CaO
 Gp2 CaO2

 Gp3 CaO+CaO2

 Gp4 CaO+CaO2 (cont.)

 



Qu/ Cai/ He/ Gao/ et al.

J Environ Waste Management and Recycling 2018 Volume 1 Issue 251

Figure 4. OTU rarefaction curve in sample.(Horizontal axis: the number of sequences randomly selected from the sample; Vertical axis: the number of OTU 
constructed based on the number of sequenced number. 1.1 as the group 1; 1.2 as the group 2; 1.3 as the group 3; 1.4 as the group 4; A represents the start-up phase 
samples, B, C, D on behalf of the heating period samples, E, F, G on behalf of the high temperature samples, H on behalf of the maturity of samples, I represents 
microbial agent).
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in the sample, which simply refers to the number of species 
(number of OTU), or to the abundance of each species in the 
community. The greater the value, the more abundant species 
were in samples.

In Figures 5a and 5b, it was shown that the charts of PD_whole_
tree and the Chao1 indexes in four experiment group piles were 
shaking and the index value was greater in the start-up and 
initial warming period, because the microbial bacteria began to 
multiply during aerobic composting. So, the sampling was hard 
to include all the number of microbial. The differences between 
in start-up as well as initial warming period and warming, high 
temperature as well as maturity period in the chart of Chao1 
index was obvious than that in PD_whole_tree. During the 
high temperature period, the index value of PD_whole_tree 
and Chao1 curve of group 1, 2 and 3 piles were almost leveled 
off and the values were basically in the same while the group 
4 pile was shaking and the value was higher than other there 
groups, because the composting pile need to be turned with 
the continue addition of CaO2. In the maturity period, the PD_
whole_tree and Chao1 curve of four experiment group piles 
were leveled off, and the species of microbial bacteria tend to 
be stable. What’s more, the PD_whole_tree and Chao1 curve of 
the effective microbial agent was also displayed in the bottom 
of Figure 5a and b. The results showed that the richness on the 
ordinary effective microbial agent was worse than experiment 
compost in each period.

Shannon and Simpson reflect the index of microbial diversity in 
the sample. In Figure 5c, the Shannon curve rose in a straight 
line at first, because the number of the sequence was not enough 

to cover the samples. With the composting going, the curve 
flattened out, which indicated that the sequencing data was 
large enough to reflect the vast majority of microbial species 
information in the sample. This was consistent with the results 
of OTU rarefaction curve.

The Simpson curve was used to estimate the diversity of 
microorganisms in the samples and it was proposed by Edward 
Hugh Simpson (1949). It was used to quantitatively describe 
the biodiversity of a region in ecology. The larger the Simpson 
index, the higher the diversity of community [49,50]. In Figure 
5d, it was showed that the Simpson curve in four experiment 
group piles were larger in the start-up, especially group 2 pile, 
because the addition of CaO2 make the microbial bacteria began 
to multiply. During the warming and high temperature period, 
the Simpson value would slightly reduce, which might because 
the microbes was screened by composting temperature. In the 
maturity period, the Simpson index of group 3 pile was slightly 
higher than other there groups, because the addition of CaO and 
CaO2 made the suitable moisture, temperature and more oxygen. 
What’s more, the Simpson curve of the effective microbial 
agent was also displayed in the bottom of Figure 5d. The results 
showed that the diversity on microbial of piles’ sampling was 
larger than the ordinary effective microbial agent.

Relative abundance was used to explain two aspects of sample 
diversity, which were the richness and uniformity of the species 
in the sample. The richness of the species was reflected by the 
length of the curve on the horizontal axis. The wider the curve, 
the richer the composition was in the species. The uniform 
degree of species composition was reflected by the shape of the 
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curve, the flatter the curve, the higher the uniformity were the 
species [51].

In Figure 6, it was shown that the relative abundance curve 
in four experiment group piles were wider and uniform in the 
start-up period, because indigenous microorganism began to 
multiply. During the warming and high temperature period, 
the relative abundance curve became slightly narrow, which 
might be the microbes screened by composting temperature. In 
the maturity period, the four group piles had little difference. 
What’s more, the relative abundance curve of the effective 
microbial agent was also displayed. The curve was both short 
and narrow compared with the four experiment group, which 
indicated that the species richness and uniformity of ordinary 
effective microbial agent was worse than four experiment group 
piles.

Beta diversity: Beta diversity is the comparison of biological 
diversity among samples, which has no related to other 
samples. Commonly the Unifrac methods and Nonmetric 
Multidimensional Scaling (NMDS) were used to calculate 
Unweight or Weighted matrices. Then, according to this matrix, 
the analysis of PCoA and NMDS were carried out. The difference 
between individuals or groups can be observed through PCoA. 
The closer distance between two samples on the axis, the more 
similar to two samples were [52,53]

As shown in Figure 7 (a), the PCoA diagram of the sample was 
analyzed under Unweight. In initial stage of composting, the 
microbial composition of 2, 3 and 4 group samples had little 
difference. Group 1 sample had large difference with other three 
groups, which might because there was not enough oxygen 

Figure 5. The PD_whole_tree, Chao1, Shannon and Simpson curve in sample.(1.1 as the group 1; 1.2 as the group 2; 1.3 as the group 3; 1.4 as 
the group 4; A represents the start-up phase samples, B, C, D on behalf of the heating period samples, E, F, G on behalf of the high temperature 
samples, H on behalf of the maturity of samples, I represents microbial agent).
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supply without CaO2. In the heating period of composting, 
the microbial composition of four experiment group samples 
had little difference. With the composting going, the four 
groups began to have some difference. However, the microbial 
composition between group 3 and 4 samples was more similar 
because of the shorter distance in the PCoA diagram. In the 
whole high temperature period of compost, the distance among 
in group 2, 3 and 4 group samples were closer, which might be 
related to the similar oxygen content. At the end of composting, 
the distance among four experiment group samples were close. 
Combined with the above physical and biomass properties 
analysis, it was had the strengthening effect on rapid biological 
drying of dairy cattle manure with the addition of CaO, CaO2 as 
well as CaO and CaO2 of which the CaO and CaO2 had some 
synergistic effects.

As shown in Figure 7 (b), the PCoA diagram of the sample was 
analyzed under Weighted. Similar to those under Unweight 
in the initial stage and the heating period of composting, the 
microbial composition of group 2, 3 and 4 samples had little 
difference in initial stage of composting. Group 1 sample also 
had large difference with other three groups. The microbial 
composition of four experiment group samples had little 
difference in the heating period of composting. However, there 
had some differences with analysis under Unweight in the whole 
high temperature period of compost. With the composting, the 
distance between in group 2 and group 4 samples were closer, 
which might be related to the similar content of CaO2. At the 
end of composting, the distance among four experiment group 
piles were close. Combined with analysis on Unweighted, it was 
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had the strengthening effect on rapid biological drying of dairy 
cattle manure with the addition of CaO, CaO2 as well as CaO 
and CaO2.

NMDS is characterized by the information contained in the 
sample, which is reflected in the multi-dimensional space in 
the form of points. The degree of difference between different 
samples is shown by the distance among points and finally the 
spatial location map of the sample is obtained.

As shown in Figure 7 (c), the NMDS diagram of the sample 
was analyzed under Unweighted. In initial stage of composting, 
the microbial composition of group 2, 3 and 4 samples had 
some difference. Group 1 sample also had large difference with 
other three groups, which also might be related to CaO2. In the 
heating period of composting, the microbial composition of four 
experiment group samples also had a little difference. With the 
composting going, the four groups began to have some obvious 
differences. However, the microbial composition between 
group 1 and group 4 samples as well as group 1 sample and 
group 4 sample was more similar because of the shorter distance 
in the NMDS diagram. In the whole high temperature period 
of compost, the distance among in group 2, 3 and 4 samples 
were closer, which also might be related to the similar content 
of oxygen. At the end of composting, the distance among four 
experiment group samples were also close. The analysis results 
were consistent with the PCoA analysis of the sample under 
Unweighted. 

As shown in Figure 7 (d), the NMDS diagram of the sample 
was analyzed under Weighted. Similar to those analyze under 
Unweighted in the initial stage and the heating period of 

composting, the microbial composition of group 2, 3 and 
4 samples had little difference. Group 1 sample had large 
difference with other three groups. In the heating period of 
composting, the microbial composition of four experiment 
group samples also had a little difference. The distance between 
in group 1 and group 2 samples as well as between group 3 
and group 4 samples was relative closer respectively. However, 
there had some differences with analysis on piles under 
Unweighted in the whole high temperature period of compost. 
With the composting, the distance between in group1 and group 
4 samples were closer, which also might be related to the similar 
content CaO. At the end of composting, the distance among 
four experiment group samples were close. The analysis results 
were consistent with the PCoA analysis on the sample under 
Weighted. 

Conclusion and Prospect
All physical indexes detected in the experiments were accorded 
with the national standard of organic fertilizer agriculture. The 
CaO and CaO2 could accelerate the temperature rise, advance 
the reactor piles into high temperature stages and reduce water 
content of the composting piles rapidly. At the end of compost, the 
moisture decreased to below 30% and decreased by 6.0%~8.0% 
compared with the control group 1 and 2 piles. What’s more, no 
matter alpha or beta diversity in four experiment group piles had 
little difference at the end of the compost. They only had some 
changes in the process of compost.

Combined with the physical and biomass properties analysis, 
it was had the strengthening effect on rapid biological drying 
of dairy cattle manure with the addition of CaO, CaO2 as well 

Figure 6. Relative abundance in sample.(1.1 as the group 1; 1.2 as the group 2; 1.3 as the group 3; 1.4 as the group 4; A represents 
the start-up phase samples, B, C, D on behalf of the heating period samples, E, F, G on behalf of the high temperature samples, H 
on behalf of the maturity of samples, I represents microbial agent).
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as CaO and CaO2, of which the CaO and CaO2 (cont.) had the 
best effects on cow manure composting in the research. It was 
in the second days that composting came into high temperature 
stage. In the heating stage, it was only in fourth days that the 
temperature reached the highest 65℃ and the heating effect was 
remarkable. At the end of the composting, the moisture was 
23.5%. Compared with other treatment groups, the moisture 
content decreased to minimum value, which was far better than 
the specified value of agricultural organic fertilizer standard 
(30%). What’s more, the pH values of all cow manure piles 
were only about 9.0 after composting rotten, which could be 

well neutralized by the gradually acidified soil in the southwest 
of China.

The following researches we will study and analyze further 
about TN loss in group 2, TP increased greatly on group 1 and 
TK increased greatly on group 2 during the composting.
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Figure 7. Chart of PCoA and NMDS (Unweight and Weighted Unifrac);(a) Chart of PCoA under Unweighted Unifrac, (b) Chart of PCoA under 
Weighted Unifrac, (c) Chart of NMDS under Unweighted Unifrac, (d) Chart of NMDS under Weighted Unifrac. (1.1 as the group 1; 1.2 as the 
group 2; 1.3 as the group 3; 1.4 as the group 4; A represents the start-up phase samples, B, C, D on behalf of the heating period samples, E, F, G 
on behalf of the high temperature samples, H on behalf of the maturity of samples, I represents microbial agent).



Qu/ Cai/ He/ Gao/ et al.

J Environ Waste Management and Recycling 2018 Volume 1 Issue 255

References
1.	 Cao R, Wang H. Research on the pollution hazard of 

municipal solid waste in China and its prevention and 
control legal countermeasures. Nat. Env. Poll. Tech. 
2017;16:463-9.

2.	 Agency SEP, China environmental bulletin in 2001. 
Environmental Protection. 2002;3-10.

3.	 Gotaas HB. Composting. Sanitary disposal and 
reclamation of organic wastes. Monograph. 
1956;31:201-5.

4.	 Harada Y. Composting and application of animal 
wastes. Asian-Australas J Anim Sci. 1990;5:113-21.

5.	 Jian-Song K, Zheng YQ. Advances in research 
of oxygen in aerobic composting. Ecology and 
Environmental Sciences. 2003;12:232-6.

6.	 Mollazadeh N. Composting: a new method for 
reduction of solid waste and wastewater. Research. 
2015;311-7.

7.	 Rynk R. On-farm composting handbook. Appl Eng 
Agric. 1992; 273-81.

8.	 Khan E, Khaodhir S, Ruangrote D. Effects of moisture 
content and initial pH in composting process on 
heavy metal removal characteristics of grass clipping 
compost used for stormwater filtration. Bioresour 
Technol. 2009;100:4454-61.

9.	 Tiquia SM, Tam NFY, Hodgkiss IJ. Changes in 
chemical properties during composting of spent pig 
litter at different moisture contents. Agric Ecosyst. 
Environ. 1998;67:79-89.

10.	 Zavala MAL, Funamizu N. Effect of moisture content 
on the composting process in a biotoilet system. 
Compost Sci Util. 2005;13:208-16.

11.	 Shao M, Yang SY, Zeng-Qiang Z, et al. Effect of 
different treatments on composting of high water 
content dairy manure. Journal of Agro-Environment 
Science. 2010;29:982-9.

12.	 Tamura T, Osada T. Effect of moisture control in pile-
type composting of dairy manure by adding wheat 
straw on greenhouse gas emission. International 
Congress. 2006;1293:311-4.

13.	 J, J W, NCDP High temperature stabilization and 
moisture removal from animal wastes for by-product 
recovery, Final report prepared for the Cooperative 
State Research Service, USDA,Washington, DC. 
1984;196.

14.	 Richard, TL. Composting strategies for high moisture 
manures. Manure Management. 

15.	 Richard TL, Choi HL. Optimizing the composting 
process for moisture removal. Kor J Anim Sci. 1997.

16.	 Choi HL, Richard TL, Ahn HK. Composting high 
moisture materials: Biodrying poultry manure 
in a sequentially fed reactor. Compost Sci Util. 
2001;9:303-11.

17.	 Singh YK, Kalamdhad AS, Ali M, et al. Maturation 
of primary stabilized compost from rotary drum 
composter. Resour Conserv Recycl. 2009;53:386-92.

18.	 Roca-Pérez L, Martínez C, Marcilla P, et al. Composting 
rice straw with sewage sludge and compost effects on 
the soil-plant system. Chemosphere. 2009;75:781-7.

19.	 Babyranidevi S, Bhoyar RV. Feasibility of some 
treatments for improving the composting of municipal 
solid waste. Indian J Environ Health. 2003;45:231-34.

20.	 Kang J, Zhang ZQ, Jia C, et al. Changes of organic 
matter content during aerobic co-composting of 
sewage sludge with straw. Journal of Northwest A and 
F University. 2009;118-24.

21.	 Chang Z, Zhu W, Ye X, et al. A biological technique for 
drying animal excreta. Agro-environment Protection. 
2000;19:213-5.

22.	 Chen T. Experiments and study on technique of 
indusrialized aerobic fermentation drying treatment 
of animal manure. Acta Agricultural Shanghai. 
1994;10:26-30.

23.	 Mijaylova Nacheva P, Moeller G, Chavez R, et 
al. Characterization and dewaterability of raw and 
stabilized sludge using different treatment methods. 
Wat Sci Tech. 2002;46:123-30.

24.	 Butler TA, Sikora LJ, Steinhilber PM, et al. Compost 
age and sample storage effects on maturity indicators 
of biosolids compost. J Environ Qual. 2001;30:2141-8.

25.	 Chen X, Qu G, Liu S, et al. Study on rapid bio-
drying technology of cow dung with CaO2. IOP 
Conference Series: Earth and Environmental Science. 
2017;64:012112.

26.	 Yamada T, Suzuki A, Ueda H, et al. Successions of 
bacterial community in composting cow dung wastes 
with or without hyperthermophilic pre-treatment. Appl 
Microbiol Biotechnol. 2008;81:771-81.

27.	 Yang H, Zhang G, Yang X, et al. Microbial community 
structure and diversity in cellar water by 16s rRna high-
throughput sequencing. Environ Sci. 2017;38:1704-16.

28.	 Brito LM, Coutinho J, Smith SR. Methods to improve 
the composting process of the solid fraction of dairy 
cattle slurry. Bioresour Technol. 2008;99:8955-60.

29.	 Tiquia SM, Tam NFY, Hodgkiss IJ. Microbial activities 
during composting of spent pig-manure sawdust litter 
at different moisture contents. Bioresour Technol. 
1996; 55:201-06.

30.	 Tran TM, Luxhøi J, Jensen LS. Turnover of manure 
n-labelled ammonium during composting and soil 
application as affected by lime and superphosphate 
addition. Soil Sci Soc Am J 2012;77:190-201.

31.	 Sánchez-Monedero MA, Roig A, Paredes C, et 
al. Nitrogen transformation during organic waste 
composting by the Rutgers system and its effects on 



J Environ Waste Management and Recycling 2018 Volume 1 Issue 2 56

Citation: Qu G, Cai Y, He K, et al. Adding calcium oxide combined with calcium peroxide for strengthening rapid biological drying of dairy cattle manure. 
J Environ Waste Management and Recycling. 2018;1(2):47-56.

pH, EC and maturity of the composting mixtures. 
Bioresour Technol. 2001;78:301-08.

32.	 Tubail K, Chen L, Jr FCM, et al. Gypsum additions 
reduce ammonia nitrogen losses during composting 
of dairy manure and biosolids. Compost Sci Util. 
2008;16:285-93.

33.	 Külcü R. Determination of the relationship between 
FAS values and energy consumption in the composting 
process. Ecol Eng. 2015;81:444-50.

34.	 Liang C, Das KC, Mcclendon RW. The influence of 
temperature and moisture contents regimes on the 
aerobic microbial activity of a biosolids composting 
blend. Bioresour Technol. 2003;86:131-37.

35.	 Rynk R. Monitoring moisture in composting systems. 
Biocycle. 2000;41:53-7.

36.	 Bernal MP, Alburquerque JA, Moral R. Composting 
of animal manures and chemical criteria for compost 
maturity assessment. A review. Bioresour Technol. 
2009;100:5444-53.

37.	 Petric I, Avdihodžić E, Ibrić N. Numerical simulation 
of composting process for mixture of organic fraction 
of municipal solid waste and poultry manure. Ecol 
Eng. 2015;75:242-49.

38.	 Wang HB, Sheng SF, Wang XC, et al. Degradation 
characteristics of different organic components in 
human feces by composting reactor. China Water and 
Wastewater. 2011;27:81-3.

39.	 Zhang F, Li Y, Ming Y, et al. Change of three-
dimentional excitation emission matrix fluorescence 
spectroscopic characterization of manure dissolved 
organic matter after composting and influence on its 
complexation with Cu. Transactions of the Chinese 
Society of Agricultural Engineering. 2011;27:314-19.

40.	 Vázquez MA, Varga DDL, Plana R, et al. Integrating 
liquid fraction of pig manure in the composting process 
for nutrient recovery and water re-use. J Clean Prod. 
2015;104:80-9.

41.	 Wang K, Li X, He C, et al. Transformation of dissolved 
organic matters in swine, cow and chicken manures 
during composting. Bioresour Technol. 2014;168:222-8.

42.	 Zheng JX, Wei YS, Wu XF, et al. Nutrients conservation 
of N and P and greenhouse gas reduction of N2O 
emission during swine manure composting. Env Sci. 
2011;32:2047-55.

43.	 Zhang L, Du C, Du Y, et al. Kinetic and isotherms 
studies of phosphorus adsorption onto natural riparian 
wetland sediments: linear and non-linear methods. 
Environ Monit Assess. 2015;187:381-482.

44.	 Zhang Y, Wang H, Shen L, et al., Identifying critical 
nitrogen application rate for maize yield and nitrate 
leaching in a Haplic Luvisol soil using the DNDC 
model. Sci Total Environ. 2015;514:388-98.

45.	 Dias ACF, Hoogwout EF, Silva ME, et al. Potato 
cultivar type affects the structure of ammonia oxidizer 
communities in field soil under potato beyond the 
rhizosphere. Soil Biol Biochem. 2012;50:85-95.

46.	 Gannes VD, Eudoxie G, Hickey WJ. Insights 
into fungal communities in composts revealed by 
454-pyrosequencing: implications for human health 
and safety. Front Microbiol. 2013;4:164.

47.	 Adams JDW, Frostick LE. Analysis of bacterial activity, 
biomass and diversity during windrow composting. 
Waste Manag. 2009;29:598-605.

48.	 Rajpal A, Bhatia A, Madan S, et al., Techniques to 
analyze microbial diversity during composting-A mini 
review. Indian J. Biotechnol.. 2015;14:19-25.

49.	 Randolph SE, Dobson AD. Pangloss revisited: a 
critique of the dilution effect and the biodiversity-
buffers-disease paradigm. Parasitol. 2012;139:847-63.

50.	 Rose A, Ingels J, Raes M, et al., Long-term iceshelf-
covered meiobenthic communities of the Antarctic 
continental shelf resemble those of the deep sea. Mar 
Biodivers. 2015;45:1-20.

51.	 Wu JH, Chuang HP, Hsu MH, et al., Multiplexed 
Relative Abundance Analysis of Methanogens in 
Anaerobic Digestion Systems Using a Hierarchical 
Oligonucleotide Primer Extension Approach. Appl. 
Environ. Microbiol. 2013;79:7598-609.

52.	 Alotaibi K, Rayward-Smith V, Iglesia BDL. Nonmetric 
multidimensional scaling: A perturbation model for 
privacy-preserving data clustering. Statistical Analysis 
and Data Mining the Asa Data Science Journal. 
2014;7:175-93.

53.	 Zhu C, Yu J. Nonmetric multidimensional scaling 
corrects for population structure in association mapping 
with different sample types. Genetics. 2009;182: 875-88.

*Correspondence to:
Ping Ning
Faculty of Environmental Science and Engineering, 
Kunming University of Science and Technology, 
China 
Tel: +86 13708409187
E-mail: ningpinglab@163.com


