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The main objective of this work was to investigate the evolution of the role of temperature during drying of poultry manure.
The following is a description of common treatment methods of poultry manure. The experiments were carried out in a labo-
ratory of Czech University of Life Sciences Prague. The samples were dried by different drying methods. During the drying
process the temperatures varied between 21.5°C to 110°C. From the tested samples, by using a pre-drying method, the lowest
rate of 16.84% of dryness of the manure matter was achieved. The lowest rate of dry matter as measured in an environment
approximating working conditions was 33.65%. These values were gained in two cases and whole drying procedure lasted
48 hours. The samples were compared according to the type of breeding system. The measurement demonstrates that different
design of drinking system significantly influenced the moisture content (P < 0.05) of the manure. Spillage causes excessive
manure moisture. It was observed that higher moisture content was measured for laying hens using nipple drinkers compared
to those equipped with downspout accessories. Results from this study provide new data for updating standards that could be

used in design and operation of laying hen houses.
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INTRODUCTION

Pollution by animal wastes has become a great
problem in many countries. The great problem of ani-
mal waste management is well known. Poultry manure
can be a valuable resource as it contains a significant
amount of nitrogen, phosphorus, potassium, calcium
and many other macro and micro minerals (Sistani
etal., 2001). The rapid growth of the poultry industry
in recent years and the application of poultry waste to
agricultural land have resulted in excessive phosphorus
content in the soil in many locations. The welfare of
poultry and environmental protection can be increased
by reduction of ammonia emissions from housing
buildings (Codling etal., 2002).

Manure can be classified as solid, slurry and waste-
water (Haga, 2001). On the basis of the poultry
rearing system, there are two kinds of poultry manure:

(1) Deep litter: poultry is reared on the floor of a
building with sufficient bedding materials (sawdust, rice
husk or wood shavings, etc.). The excrement with bedding
materials is removed from the building and considered
as litter. It contains less water and it is easy to handle.

(2) Layer manure: poultry is reared in the case
housing system, the excrement is called manure. Layer
manure is a semi-solid mass and falls directly onto the
concrete floor and needs to be cleaned daily. There
is a heavy accumulation of flies and insects and it

also produces bad odor if not cleaned or racked daily.
Layer manure produces comparatively more odor than
broiler litter Mukhlesur, 2009).

The following treatment methods relevant for land
application of poultry manure are currently being used:
drying, composting, anaerobic digestion, combustion,
pasteurization and palletizing (Roeper etal., 2005).

Direct fertilizing using fresh excrement is strictly
limited by its consistence, which does not allow for
uniform spreading. Another limitation is the seasonality
of application — it can be used only in a specific time-
frame and is limited by quantity. If straw was used as
opposed to sawdust in deep litter production, fertilizing
would be possible. The high rate of lignin in sawdust
complicates composting, which is more complicated
compared to straw (Hutla, Kosar, 1995).

The average production of manure per hen/day is
170 g. Some proposals have shown the application of
5-7 tper ha of arable land (Hutla, Kosar, 1995).
In the case of two spreading yearly, it could be realized
on the same field. For example, 5000 hens on an area
of 45 ha means 100 000 hens would require an area
0of 900 ha for regular application. In light of the huge
amount of produced manure, this cannot be considered
a sustainable solution for problematic exploitation and
treatment of poultry excrements.

An application without treatment or non-appropriate
disposal can become risky for environment and humans
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as such application might lead to the spread of diseases
and may pollute soil and groundwater (Roepet etal.,
2005). Direct land application of untreated manure is
the most common utilization option, but it can result
in environmental pollution of waters, odor nuisance
and hygienic problems, which can result in the spread
of diseases (Glenn et al., 1998).

Composting is an effective and safe way for reduc-
tion of the manure’s mass and volume, destruction
of pathogens, and stabilization of nutrients and the
organic matterinit(Michel etal., 1996; Tiquia et
al., 2000). Composting is one of the natural processes
capable of stabilizing organic wastes. The stabiliza-
tion process considerably reduces odor emissions,
and dries up the waste making it easier to handle and
transport. Also, proper composting effectively destroys
pathogens and weed seeds due to high temperature
(55-65°C) achieved through the metabolic heat gener-
ated by microorganisms. As the animal waste possibly
contains viral, bacterial, and protozoan pathogens,
the application of untreated livestock wastes could
be a hygienic risk for humans (Petric etal., 2008).

Biogas technology is next option of treatment with
manure. This is becoming more and more common
nowadays. The process of biogas production appears
to be a progressive, economically viable method of
ultimate disposal and hygienic process (Babicka
et al., 2007).

One of the most serious consequences of manure’s
moisture content is not just the method of treatment
mentioned above but also of handling. It is directly
affected by the selection of the proper operating se-
quence and technological equipment (Kosar, 1994).

One of the most important drawbacks of housing
systems is the high concentration of ammonia in the
building. As a result of the damaging effects of am-
monia deposition on the environment (eutrophication
and acidification) (Heij, Schneider, 1991), gov-
ernmental regulations prescribe a substantial reduction
of the emissions ammonia from livestock husbandry
(Voorburg, 1993; Lekkerkerk et al.,, 1995).
Emission rates, processes and influencing factors of
the emission of ammonia from poultry houses were
reviewed by Groot Koerkamp (1994).

One of interesting alternatives of manure is its
application on a post-fire land. Villar et al. (2004)
conducted an experiment to investigate efficiency of
a post-fire land management practice, including plant
cultivation (Lolium perenne) combined with the ad-
dition of poultry manure, for restoring the protective
vegetation cover in soils degraded by high intensity
wildfires. The increase of phytomass and nutrient
uptake with the addition of poultry manure revealed
the beneficial effects of this soil management practice.

In practice, moisture in manure is also influenced
by temperature, drinking system and the management
of ventilation during the removal of manure, which
is shown further in the results of our experiment. A

study was conducted to determine the effect of dry-
ing methods and temperature influence on drying
characteristics of poultry manure. The results from
this study provide useful information for developing
cost-effective mitigating techniques.

MATERIAL AND METHODS

The experiments were done at the Faculty of
Engineering of Czech University of Life Science
Prague (CULS). For measurement proposes three
different samples of poultry manure were used. The
first (Rak_vl1) and the second (Rak v2) poultry samples
were produced on a farm using an intensive breeding
system for laying hens. The third one sample originated
from the experimental facilities of CULS.

(1) Poultry housing systems

Laying hens (Lohmann white) were housed in
3 different cage designs. The cage units were of three
categories:

The first house was equipped with four-tier cages.
Manure disposal was by a belt-clean system below
each tier. Nipple drinkers were used without down-
spout accessories.

The second house was equipped with three-tier
cages and nipple drinkers with downspout equipment.
Ventilation of manure facilities in both systems was
provided by fans mounted in the side walls drawing
air through inlets in the ridge.

The third house was designed as a simple battery
of three cages with a manure belt. There was natural
ventilation of manure facilities without special equip-
ment, influenced only by forced ventilation of the room.

(2) Techniques for measuring air temperature
and humidity

Temperature and humidity were measured by the
Almemo 2590-9 with sensor FHA646-E1C device.

(3) Techniques for measuring moisture content

The moisture content in the manure was identi-
fied by gravimetrics using an MEMERT UNB-200
air oven. Samples were weighted on a Kern 440-35N
laboratory scale with a range from 0 to 400 g and
accuracy to 0.01 g.

The total sample, consisting of about 10 kg, was
poured into a clean, dry polythene vessel and mixed
thoroughly and closed. Then materials were extracted
and used as a sample for analysis. The composite
manure samples were stored in a cool environment
(8°C) prior to analysis.

Four drying methods were used to dry the fresh
poultry (lying hens) manure as follows: oven drying at
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65°C with processing pre-dried matter and subsequent
drying at 105°C. The next three drying methods were
measured by gravimetric methods during oven drying
at 70°C, oven drying at 110°C, and drying at 21.5°C.
Poultry manure samples were obtained in a school
testing laboratory.

(4) Gravimetric method

A representative sample was weighed (My,,,) and
put into a preheated oven at the required temperature
(£3°C). It was dried and continuously weighed till
absolute dry state. It was defined as the material re-
maining after the water was completely evaporated
from the sample — dry matter (M,,). The different
sample weights did not vary more than 0.01 g with at
least 2 h additional drying time. The weights of fresh
samples were 5, 10, 15 and 20 g.

Measured values were used for relative (1) and
specific (2) moisture content calculation. This data
was used to calculate the rate of change in moisture
with drying time (3). This was done by calculating
the difference in moisture content (MHZO) between
consecutive sampling times and dividing this value
by the time interval (h).

MHO
w=——>"="=x 100 1
Mo, M
My o
X =
DM (2)
MH:O_MWM_MDM
dx
N=—" 3)
where:

w — moisture content of material (% w. b.)
X — specific moisture (g.g”' d. b.)
M, — mass of water (g H,0 .g"! DM)

H,0 ;
My, — sample mass of manure being dry (g)
M, — sample manure mass of dry (g)

N —rate of drying in depending on material moisture
content (rate curves) (g.g"'.h")

Table 1. Statistical evaluation of manure samples

(5) Pre-dried method

The pre-dried method consists of two different
drying processes: pre-drying and drying. As the first
step, a fresh sample 150-200 g was taken, and then
the sample was pre-dried at 60°C for 8 h. The sample
was then taken out and left for 12 h in air. This pro-
cedure was necessary to achieve conditioning prior
to weighing. The sample consistence became brittle
and refracting which allows for easy grinding. From
the adjusted sample was taken 5 g and dried for 4 h
at 103°C. These values of weighed samples are used
for moisture content calculation (4).

_ MWM] 'MDM

Iy x 100 )

w=1
wamo w2

where:

w — moisture content of material (%)

M0 — sample mass of manure being pre-dry (g)
M\ — weight of sample after pre-dry (g)
M\, — sample mass of manure being dry (g)
M, — sample manure mass of dry matter (g)

The obtained data were processed by statistical
methods using a computer program. The results are
accepted as reliable when P < 0.05.

RESULTS AND DISCUSSION

The specific and relative moisture content as well
as the rate (velocity) of drying of all samples were
compared. The average data of relative and specific
moisture content, their variability and standard devia-
tions are in Table 1.

Generally, drying rates were highest during the
first 1 h of drying, when the moisture content was
greatest. Manure dried at 70°C showed a constant
rate of drying for the first 1.5 h depending on sample
averaging 0.85-1.00 g H,0.g"! DM.h-!. After that time
rates declined gradually (Fig. 1).

Drying curves for fresh manure at 70°C and 110°C
are shown in Fig. 2. Increasing the temperature from
70°C and 110°C resulted in a higher loss of moisture
content with drying time. The temperature 110°C and
70°C resulted in a marginally higher loss of moisture

. Relative/ Agro Rak vl Rak v2

1o specific MC avr(x) 4 sxz avr(x) o SXZ avr(x) o sxz

1o w (%) 74.514 0.659 0.434 76.012 1.811 3.278 80.472 0.704 0.495
u(g.gh 2.891 0.155 0.024 3.020 0.589 0.347 4.127 0.192 0.037

20 w (%) 76.087 1.744 3.043 73.270 0.492 0.242 79.607 0.669 0.474
u(g.g) 3.197 0.319 0.102 2.740 0.070 0.005 3.907 0.168 0.028

215 w (%) 61.040 11.477 131.725 66.347 6.601 43.577 66.350 9.486 96.948
u(g.g) 1.727 0.821 0.674 2.043 0.549 0.302 2.187 1.100 1.210
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Fig. 1. The rate of drying (dx.dt'') of manure
in different conditions, at (70°C; 110°C)

Fig. 2. Drying curves for experiments carried
in different conditions, at (70°C; 110°C)
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Fig. 3. The moisture content changes in manure
during oven drying, at (70°C; 110°C)

0.00% -+

0.220

0.200
—e— Agro

0.180 —a— Rak vl

0.160 —a— Rak v2
0.140

0.120

0.100

0.080

N (g H,0.g"'DH.h'!)

0.060

0.040

0.020

Fig. 4. The rate of drying (dx.dt'") of manure

0.000
44

82

46

4 in an environment approximating conditions,

at 21.5°C

SCIENTIA AGRICULTURAE BOHEMICA, 42, 2011 (2): 79-86



Table 2. Measured weight and calculation of relative moisture content

Pre-drying (60°C) Drying (103°C)
Sample Mass of wet Mass of wet Mass of wet Mass of dry Initial moisture
matter My, 0 (g) matter My, (8) matter My, ;, (8) matter M, (g) content w (% w. b.)
Agro 199.98 131.83 5.02 1.67 78.07
Rak_vl 150.60 47.23 5.01 3.41 78.65
Rak v2 150.69 44.14 5.01 2.88 83.16

Table 3. Comparison of values by different measurement methods

Drying stage Sample Time of drying ¢ (h) Final content of dry matter x (% d. b.)
Agro 16 25.73
110°C Rak_vl 16 23.99
Rak v2 16 19.43
Agro 16 23.99
70°C Rak_vl1 16 26.73
Rak v2 16 20.40
Agro 48 38.94
21.5°C Rak_vl 48 33.65
Rak_v2 48 33.65
Agro 24 21.95
Pre-dried matter 60°C/103°C Rak vl 24 21.31
Rak v2 24 16.84

during the first 3 h and 4.5 h of drying. Specific moisture
content values after 3 h and 4.5 h of drying averaged
0.035,0.036,0.074,0.521, 0.299 and 0.638 g H,0.g"!
DM for dried at 110°C and 70°C, respectively.
Highest moisture content of untreated manure at
110°C and 70°C was achieved 80.57% and 79.60%
wet basis by sample Rak v2. The highest lost of rela-
tive moisture content was reported during the first
3.5 and 4.5 h of drying. In Fig. 3 it may be observed
that at 110°C, the time to reduce the moisture content
to minimum was 6.5 h, 8.5 h at 70°C, respectively.
Drying rates for fresh manure at 21.5°C are shown
in Fig. 4. Manure dried at 21.5°C showed a maximal
rate of drying for the first 30 min depending on sample
averaging 0.065-0.090 g HZO.g'1 DM.h'!. The tem-
perature 21.5°C resulted in a gradually declining loss
of moisture content during the whole time of drying.
The measurement of the sample has not conducted
from 12 to 20 hours and from 36 to 44 hours because
a symmetrical loss of moisture content was expected.
These results are shown in Fig. 5 and Fig. 6.
Further the methods of pre-drying were chosen to
check on data obtained from the gravimetric method
(Table 2). Column w (% w. b.) of Table 2 shows initial
moisture content of fresh sample.
The analyses of the temperature influence on drying
of the poultry manure are shown in Table 3 and Fig. 7.
Moisture contents achieved levels of similar values
during drying at the temperature 70°C and 110°C. It
took 48 h (Table 3) of drying in conditions similar
to the ambient to reach about 35% relative moisture.

Moisture content was significantly affected by dif-
ferent designs of drinking systems between samples
Rak v1, Rak v2 and Agro (P <0.05). The difference
between sample Rak v2 and other samples (Rak vl
and Agro) was statistically significant.

The influence of initial moisture content on the
composting of poultry manure with wheat straw was
investigated by Petric et al. (2009). High moisture
content can lead to increased losses of ammonia, which
should be controlled by the addition of suitable addi-
tives. The results of the study suggest that an initial
moisture content of approximately 69% can be con-
sidered as being suitable for the efficient composting
of poultry manure mixed with wheat straw.

Davalos etal. (2002) was aimed at evaluating of
the energy by combustion of poultry litter. The energy
(heat) value of dry-poultry litter was 14 447 kJ/kg. This
value decreases when the water content of the sample
increases. Finally, they found that poultry litter with
water content less than 9% can burn without extra fuel.
Therefore, these samples seem to be suitable for use
as a fuel for generation of electrical power.

As mentioned above, the direct application by fresh
excrement is also strictly limited if its composition will
not allow uniform spreading. Pezzi and Rondelli
(2002) evaluated a prototype spreader for the distri-
bution of poultry manure. This prototype was set up
for orchard and arable crops. Physical properties of
the fertilizers influenced the distribution pattern. The
poorest results were observed in the distribution of
manure with large particles and high moisture content.
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Fig. 6. The moisture content changes in manure
during oven drying, at 21.5°C
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CONCLUSIONS

The lowest rate of dry matter as measured in an
environment approximating working conditions was
33.65%. These values were gained in two cases and
whole drying procedure lasted 48 h. The measure-
ment demonstrates that different design of drinking
system significantly influenced the moisture content
(P <0.05) of the manure. It was observed that higher
moisture content was measured for laying hens us-
ing nipple drinkers compared to those equipped with

84

36

39 42

Fig. 7. Comparison of values by different meas-
urement methods

24 h [ pre-d ried

downspout accessories. As we can see from the results,
the drinker with downspout accessories has lower
moisture content and we could recommend this system.
Results from this study provide new data for updated
standards to be used in design and operation of laying
hen houses. It concluded that useful knowledge of the
evaporation rate of water from the fresh manure was
obtained. With this knowledge, the moisture content,
and drying time can be used to develop an optimal
treatment system of poultry manure. Therefore, the
process keyed to drying effects should be taken into
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consideration in evaluation of manure utilization. In
this way, the emission of ammonia from the poultry
manure can be minimized. The effect of different
drinker types on moisture contents was studied. Design
of drinkers influences manure moisture content and
the use of water. In two types of tested manure, the
different moisture in dependence on drinker types was
recognized as statically significant.
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LISKA, R. — KIC, P. (Ceska zem&dé&lska univerzita v Praze, Technické fakulta, Praha, Ceska republika)
Pribéh zmény vlhkosti driibeziho trusu béhem suSeni v zavislosti na rtizné teploté
Scientia Agric. Bohem., 42, 2011:79-86.

Tento prispévek popisuje vliv teploty na pribéh vysouseni dritbeziho trusu. Dale popisuje vybrané zpiisoby
a metody jeho vyuziti a zpracovani na zékladé vlhkosti trusu. Experimenty byly provedeny v laboratoti Ceské
zemédélské university v Praze. Vzorky byly vysouseny riznymi metodami za rtiznych teplot vysouseni od
21,5°Cdo 110 °C. U testovanych vzorki byla zaznamenana nejmensi dosazena vlhkost na hodnoté 16,84 %.
Pfi méfeni v podminkach, které se blizi skutecnym stdjovym podminkam, bylo dosazeno vlhkosti 33,65 %,
a to po 48 hodinach suseni vzorku. Ziskané vzorky byly navzajem porovnany a byla vyhodnocena jejich vl-
hkost na zakladé¢ riznych systémut chovu. Zde vysledky prokazaly signifikantni vliv napdjeciho systému na
vlhkost materialu. Na zaklad¢ tohoto zjisSténi a prokazani zvysené vlhkosti 1ze doporucit, vzhledem k nizsi
vlhkosti trusu, napajeci systém se zachytnym zlabkem. Vysledky z této studie mohou poskytnout nova data
pro vylepseni technologii v chovech nosnic.

obsah suSiny; obsah vlhkosti; susici teplota; suSarna
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