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The aim of this study was to determine the number of
bacteria in poultry, cattle and swine manure in order to
perform hygienization and deodorization using a mi-
crobial-mineral biopreparation. The highest number of
bacteria was recorded in laying hens manure (5.1x10%
cfu/g). It was noted that bacteria: coliforms, E. coli,
Clostridium, Enterococcus number was reduced (1-2 log)
after the biopreparation application. The investigated
odorous compound concentrations were reduced with
34-78% efficiency, depending on the type of manure
and odorant. All odorous compounds were efficiently re-
duced only in the case of laying hen manure.
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INTRODUCTION

Intensive animal production leads to the production
of large amounts of manure which may create a signif-
icant ecological hazard. Animal manure is a mixture of
excreta, feed, feathers, and bedding material (Stephenson
et al., 1990). Due to the presence of nitrogen, phospho-
rus, potassium, and other minerals, manure is common-
ly used as a fertilizer (Kuczewski & Y.omotowski, 2002),
however it can simultaneously be dangerous to various
organisms (Gupta & Doherty, 1990; Gupta & Kelly,
1990; Gupta & Krishnamurthy, 1990). Production and
processing of manure as fertilizer often results in remis-
sion of pollutants into the air, which also increases the
discomfort of nearby inhabitants (Sieminski, 2008, Hayes
et al., 2004; Persaud e al., 1996; Varel & Wells, 2007). In
particular, formation and release of odorous compounds
and pathogenic microbiota pose serious problems for
animals and pollute rural locations.

The analysis of Polish agro-industry states that 79% of
complaints for odor nuisance is connected with the an-
imal production (poultry 39%, pigs 35% and cattle 5%)
(Ko$mider e al., 2002). Ventilation systems in livestock
buildings and absotption/diffusion of animal manure
into the soil and water are the sources of waste emission
(Barowicz, 2007).

Odorous nuisance is generated by a large number of
different volatile compounds derived from livestock ma-
nure, and the main odorants are: ammonia, hydrogen
sulfide, thiols and volatile fatty acids (Burgess e/ a/., 2001;
Blaszczyk, 2007). The concentration of gaseous pollut-
ants must be controlled and reduced, not only because

of their emission into the atmosphere, but also because
of the health hazard to farm animals. Odorants can cause
digestion disturbances, increased sensitivity to infectious
diseases, bone demineralization and anemia (Kuczewski
& Lomotowski, 2002). Volatile odorous compounds can
also negatively influence people working at the farms
due to the allergies, chronic stress, decreased immuni-
ty, hypoxia, headaches, nausea and diarrhea (Sieminski,
2008, Nicell, 2009). Apart from these complaints, the
staff of animal farms is at risk due to potential pres-
ence of pathogenic microorganisms including: Chlamydia
ornithosis, Bacillus anthracis, Salmonella choleraesuis var. typhi,
Listeria monocytogenes, Mycoplasma spp., Staphylococcus anreus,
Streptococcus spp., Candida albicans, Cryptococcus neoformans, as
well as the H5NT1 virus, classified in the 2nd and 3rd
Groups of high risks (Dutkiewicz ez al., 2000).

Due to the fact that the problem of air pollution from
livestock production is of a high importance, numerous
studies were performed concerning the use of air scrub-
bing (Opalinski ez /., 2010; Opalinski ez al., 2015), biofil-
tration (Tymczyna e/ al., 2004), natural antimicrobial feed
additives (Varel, 2002) or multistrain probiotics (Zhang
& Kim, 2014). Moreover, there is also a great need to
search and develop microbiological biopreparations con-
taining microbes naturally occurring in manure (Borows-
ki et al, 2010), which will be able to remove odorous
compounds and disinfect the livestock buildings (to im-
prove the sanitary conditions).

The aim of this study was to determine the number
of bacteria in poultry (laying hens, broilers, geese), cat-
tle, swine manures and to perform hygienization and
deodorization of these wastes using a microbial-mineral
biopreparation.

MATERIALS AND METHODS

Manures. Poultry manure samples were collected
from three different poultry farms: 1. enriched cage sys-
tem (27800 laying hens; Zgierz, Poland), 2. deep litter
system (20000 broilers; Aleksandrow Y.odzki, Poland),
3. free-range system (5000 geese; Dobra, Poland). Cattle
manure samples were taken from a dairy farm (40 cows;
Lisewo, Poland) and swine manure from a pig-breeding
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farm with a closed cycle production system (60 sows;
Wieczyn, Poland).

Sampling of manures. To perform the chemical and
microbiological analysis of manures, the homogeniza-
tion of samples with Bio-Gen PRO200 homogenizer was
conducted. Randomly selected material (20 g) was col-
lected from five different places. Each type of manure
was mixed to obtain a homogeneous sample. Then, one
part of the manure (10 g) was used for chemical analysis,
while the other part (10 g) was suspended in 90 ml of
sterile physiological saline (0.85% NaCl) for microbio-
logical analysis. All analyses were performed three times
using three independent replicates.

Chemical analysis. Chemical analysis of manure
samples, ie. dry matter (DM), ash, dry organic mat-
ter (DOM), total organic catbon (TOC), total Kjeldahl
nitrogen (TKN), total phosphorus (P) and pH value
measurement were conducted. Dry matter, ash, dry or-
ganic matter were determined according to standard
gravimetric methods (Harvey, 2000). The pH value of
collected manure samples was measured using a labo-
ratory multi-meter CP- 411 (Elmetron, Poland). Total
phosphorus and total Kjeldahl nitrogen were determined
by a spectrophotometric method, after mineralization of
manure samples. Total Kjeldahl nitrogen content was de-
termined using a modified Nessler method, as described
by Hermanowicz et al. (1999), and adapted by HACH®.
Total phosphorus was determined by molybdate method
using also HACH DR2000 spectrophotometer. Total ot-
ganic carbon was evaluated using the coulometric meth-
od (Kulomat 702Li/C, Strohlein) (Bisutti ef a/, 2004).

Microbiological analysis. Determination of the number
of microorganisms in collected manure samples was carried
out before hygienization (0 hour) and after hygienization (96
hours) process performed with the investigated bioprepara-
tion. The number of microorganisms was determined us-
ing the plate method, samples wete incubated 2448 hours,
depending on the isolated group of microbes: TSA with
nystatin agar at temperature 2822°C for total number of
aerobic and anaerobic bacteria; BAAA, TSC and endo-LES
agar were used for bacteria Enterococcus, Clostridinm and coli-
forms at temperature 37£2°C; for Escherichia coli mFC agar
and temperature 4412°C were used. After incubation, colo-
nies were counted and the result was expressed as colony
forming units per 1 g of manure (cfu/g).

Hygienization and deodorisation of manures by
biopreparation. Hygienization and deodorization pro-
cess of all investigated types of manures were conduct-
ed with the use of a biopreparation. The biopreparation
that was developed at Lodz University of Technology,
Institute of Fermentation Technology and Microbiol-
ogy (Gutarowska ez al, 2014), consisted of six strains
of microorganisms: Pseudomonas fluorescens (LOCK 0961),
Bacillus subtilis (1L.OCK 0962), Bacillus megaterinm (£.OCK
0963), Leuconostoc mesenteroides (LOCK 0964), Enterococcus
Saecium (EOCK 0965) and Streptomyces rutgersensis (LOCK
0967), that have been deposited in the Pure Culture
Collection £.0CK 105 ITFiM TUL. The nucleotide se-
quences of 16S rRNA gene of bacterial strains includ-
ed in the biopreparation have been deposited with the
NCBI GenBank with the numbers KJ: 919967-919972.
The microbes were mixed 1:1 (v/v) and embedded on
mineral cartiers: petlite and bentonite (20:80 w/w). The
procedure of microorganism deposition on these carriers
is patent protected (Polish patent no. P393863).

Different types of manure (0.5 kg each) were tested
in a laboratory set-up shown in Fig. 1. The core of that
installation were two chambers with a working volume
of 0.8 LL each. In each experimental run, control and ex-

Figure 1. Equipment for hygienization and deodorization of ma-
nures

1 — waste gas outlet; 2, 6 — laboratory chamber; 3 — fresh air
inlet; 4 — waste gas collecting pipe; 5 — rotameter; 7 — mem-
brane blower

perimental chambers were filled with a 0.5 kg of manure.
Inside the control chamber, only the examined type of
manure was placed (with no addition of the bioprepa-
ration), while simultaneously in the experimental cham-
ber, the manure surface was powdered with 50 ml of the
investigated biopreparation. The chambers were tightly
closed and aerated for 5 minutes (at a flow rate of 2
L/min) to provide acrobic conditions prior to sampling.
Then, the aeration was turned off and hygienization and
deodorization processes were continued for 96 hours.
After this time, the aeration was turned on again for
another sampling. Then, the exhaust air samples from
each chamber were collected into Tedlar bags at the be-
ginning and at the end of a 4 day experimental period.
In order to evaluate the concentration of odorous com-
pounds before and after the application of bioprepara-
tion, analyses were performed using gas chromatography
(GC). Moreover, manure samples for microbiological
analysis were collected.

Analysis of malodorous compounds. Five differ-
ent odorants were analyzed: ammonia, dimethylamine,
trimethylamine, isobutyric acid and hydrogen sulphide.
The selection of the volatile compounds was made on
the basis of a previous study (Gutarowska ez al, 2014).
The analysis of hydrogen sulfide was performed using
a Hewlett Packard gas chromatograph equipped with a
Super Q 80/100 column with 3ft*1/8”glass and a flame
photometric detector (FPD). Helium was the carrier gas,
at a flow rate of 50 ml/min. The temperature of analysis
was 210°C. Determination of dimethylamine, trimeth-
ylamine and isobutyric acid was also carried out with a
Hewlett Packard chromatograph fitted with a Chromo-
sotb 103 80/100 column (3ft*1/8” glass) and a flame
ionization detector (FID). The nitrogen (50 ml/min)
was used as a carrier gas, and the working temperatures
were from 110°C to 240°C. Ammonia was analyzed with
a Porapak N 80/100 column with parameters (3ft*1/8”
SS) and a thermal conductivity detector (TDC). Helium
was the carrier gas at a flow rate of 25 ml/min. The
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temperature of analysis was 120°C. All analyses were
performed in triplicates.

Mathematical calculations. The arithmetic mean
and standard deviation for the amount of chemical com-
ponents of different manures, as well as the number of
microorganisms were calculated.

An ANOVA statistical analysis was performed to as-
sess a statistically significant difference between the
amount of chemical components in examined manures
or number of microorganisms in the control and experi-
mental treatment (the biopreparation application).

Decrease of the concentration of volatile odorous
compounds was calculated as the reduction R [%] of a
compound determined using the formula:

R = 1007 - &X100%

G

where C, is the concentration of investigated volatile
odorous compound in the sample collected from the
headspace of chamber after 96 hours of deodorization
with the biopreparation, Cis the concentration of inves-
tigated volatile odorous compound in the sample collect-
ed from the chamber at the beginning of the deodoriza-
tion process.

All mathematical calculations were made using Micro-
soft Excel and OriginPro 8.0 programmes.

RESULTS

The results showed differences in chemical compo-
sition of the examined manures (Table 1). The highest
content of dry matter (712.1 g/kg) was determined in
the geese manure, whereas the lowest in the cattle ma-
nure (125.0 g/kg). The difference between the content
of dry matter in manures was statistically significant, ex-
cept for the laying hen manure (a) and swine manure (e).
The average amount of ash in the manures ranged from
16.6 g/kg (cattle manute) to 110.6 g/kg (geese manure).
Lack of statistically significant difference was observed
only between the laying hens (a) and broiler manures (b).

Table 1. Chemical characteristics of different manures

Cattle and broiler manure had the highest amount of dry
organic matter, 87.2% and 85.4%, respectively, while the
lowest was detected in the laying hen manure (66.3%).
Significant differences were observed in all types of ma-
nures, except broilers (b) and swine manure (). The
highest organic carbon concentration was determined in
the geese manure (33.4%), the lowest in the laying hens
(10.3%). The difference between content of total organic
carbon in manures was statistically significant, except the
broiler manure (b) and cattle manure (d). Nutrient, such
as nitrogen, was at the highest level in the laying hens
manure (7.2%), the lowest concentration was observed
for cattle manure (4.5%). Lack of statistically significant
differences was observed between 3 types of manure:
broiler (b), cattle (d) and swine (e), the differences be-
tween the rest of manures were statistically significant.
The total phosphorus amount was at the same level in
all types of manure (2.3-2.7 g/kg), contrary to the pH
values, where the differences were statistically significant
in each manure. The highest pH value was reported for
the broiler manure (pH=8.9), whereas laying hen ma-
nure had the lowest pH value of 6.3.

The results of our experiments also indicated differ-
ences in microbiological composition of all investigated
manures in relation to isolated groups of bacteria (Ta-
ble 2). The highest number of almost all isolated groups
of bacteria was recorded for the laying hen manure
(4.0x107-5.0 X 10" cfu/g), except for the total number
of aerobic bactetia and Enterococcus sp., whose numbers
wete the highest in the geese manure (5.7 10'2 cfu/g)
and swine manure (1.7%X10° cfu/g). The difference be-
tween total number of aerobic bacteria in examined ma-
nures were statistically significant, except for the laying
hen (a) and broiler manures (b). The total number of
anaerobic bacteria (1.2X10°%-1.3 X 10" cfu/g) and Ewntero-
cocens (9.9 X 104=1.7 X 10° cfu/g) was different in each ma-
nute type, which was confirmed statistically. The number
of coliforms ranged from 2.4 X 10% to 7.0 X 108 cfu/g and
the differences between manures were statistically signif-
icant, except for the broiler (b) and cattle manures (d).

Dry organic Total orga-  Total Kjeldahl Nitrogen
Dry matter Ash : . Total phos-
Manure matter nic carbon (N, +Ny ) in dry matter pH
[g/kg] [9/kg] [% DM] %] 0] phorus [g/kg]
Min: 231.28 Min: 80.21 Min: 64.17 Min: 9.95 Min: 7.10 Min: 1.97 Min: 6.28
Laying hens (a) Max: 247.07  Max: 89.63 Max: 68.30 Max: 10.70 Max: 7.26 Max: 2.70 Max: 6.30
ying X: 240.512¢ X:85.862P  X: 66.34 X: 10.32 X:7.18 X: 2.40 bcde  X:6.29
S.D.: 8.23 S.D.: 4.99 S.D.: 2.07 S.D.: 0.38 S.D.: 0.08 S.D.: 0.38 S.D.: 0.01
Min: 545.84 Min: 78.48 Min: 84.80 Min: 25.20 Min: 5.01 Min: 2.01 Min: 8.84
Broilers (b) Max: 553.30  Max: 83.51 Max: 86.24  Max: 26.30 Max: 5.42 Max: 2.41 Max: 8.87
X: 549.48 X:81.642P  X:85.40°¢ X:25.73% X: 5.28 b-d-e X: 2.27acde  X:8.86
S.D.:3.73 S.D.: 275 S.D.: 0.75 S.D.: 0.55 S.D.: 0.24 S.D.: 0.22 S.D.: 0.02
Min: 709.40  Min: 109.30  Min: 75.3 Min: 32.90 Min: 6.01 Min: 2.08 Min: 6.89
Geese (0) Max: 712.10  Max: 111.90 Max: 76.8 Max: 33.70 Max: 6.54 Max: 2.51 Max: 6.99
X:711.06 X:110.63 X: 75.87 X: 33.37 X: 6.22 X: 2.312bde  X:6.93
S.D.: 1.45 S.D.: 1.30 S.D.: 0.81 S.D.: 0.42 S.D.: 0.28 S.D.: 0.22 S.D.: 0.06
Min: 125.03 Min: 15.30 Min: 86.55 Min: 23.98 Min: 3.99 Min: 2.30 Min: 7.49
Cattle (d) Max: 133.42 Max: 17.64 Max: 88.39  Max: 25.57 Max: 4.87 Max: 3.37 Max: 7.50
X: 130.08 X: 16.59 X: 87.24 X: 24.78* X: 4.48 b-de X:2.712bce  X:7.49
S.D.: 3.64 S.D.:1.18 S.D.: 1.00 S.D.: 0.80 S.D.: 0.45 S.D.: 0.58 S.D.: 0.01
Min: 239.32 Min: 38.71 Min: 79.24 Min: 26.54 Min: 4.62 Min: 1.98 Min: 7.74
Swine (e) Max: 255.13  Max: 52.97 Max: 83.82  Max: 27.98 Max: 5.55 Max: 2.68 Max: 7.83
X:248.302¢ X:45.14 X:81.87P¢ X:27.17 X: 5.06 b-d-e X: 2.372bcd  X:7.79
S.D.: 6.63 S$.D..7.23 S.D.: 2.36 S.D..0.74 S.D.. 047 S.D.: 0.36 S.D.: 0.05

X, average value; S.D., standard deviation; Min, minimum value; Max, maximum value; = b etclack of statistically significant differences between

different manures (a-e) comparison in columns
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Table 2. Number of bacteria in different manures
Manure
Number of bacteria (cfu/g)
Laying hens (a) Broilers (b) Geese (c) Cattle (d) Swine (e)
Min: 5.00x10'° Min: 2.25x101 Min: 1.04x101"2 Min: 8.00x10° Min: 1.59x101°

Total number of aerobic
bacteria

Max: 5.20x10'°
X: 5.10x10%02b

Max: 6.00x101°
X: 3.40x1010ab

Max: 8.50x1072
X: 5.71x1012

Max: 1.09x106
X: 9.25x105

Max: 2.60x10'°
X: 1.98x101°

S.D.: 1.00x10° S.D.: 1.31x10%° S.D.: 3.04x10"2 S.D.: 1.18x105 S.D.: 4.65%10°

Min: 1.10x101° Min: 4.80x10° Min: 3.00x108 Min: 8.60x105 Min: 2.10x108

Total number of anaerobic Max: 1.50x1010 Max: 1.00x101° Max: 6.30x108 Max: 2.20x106 Max: 3.40x10°
bacteria X: 1.27x10° X: 7.07x10° X: 4.33x108 X: 1.22x10¢ X: 1.54x10°

S.D.: 2.08x10° S.D.: 1.95x10° S.D.: 1.27x108 S.D.: 5.40%x105 S.D.: 1.46x10°

Min: 4.00x108 Min: 5.00x107 Min: 1.00x10¢ Min: 4.00x104 Min: 8.00x108

Max: 5.00x108 Max: 7.00x107 Max: 3.00x108 Max: 1.56x105 Max: 2.89x10°
Enterococcus sp. X: 4.50%10¢ X: 5.67x107 X: 1.66x106 X: 9.93x10° X: 1.69%10°

S.D.: 5.00x107 S.D.: 1.15x107 S.D.: 7.86x10° S.D.: 5.46x104 S.D.: 6.85x108

Min: 5.60x108 Min: 1.20x10° Min: 1.79x108 Min: 9.0x104 Min: 7.00x107

coliforms Max: 8.60x108 Max: 9.00x10° Max: 3.90x108 Max: 3.8x10°% Max: 2.20x108
X: 7.02x108 X: 4.27x105bd X: 2.67x108 X: 2.37x105bd X: 1.19x108

S.D.: 1.39x108 S.D.: 3.89%x105 S.D.: 9.51x107 S.D.: 1.45%x105 S.D.: 6.43x107

Min: 3.80x108 Min: 6.00x105 Min: 4.00x105 Min: 8.30x104 Min: 8.00x107

Escherichia coli Max: 4.20x108 Max: 1.60x10¢ Max: 4.67x10° Max: 4.00x105 Max: 2.20x108
X: 4.00x108 X: 1.03x10¢ X: 4.34x105d X: 2.43x105d X: 1.48x108

S.D.: 2.00x107 S.D.: 4.30%x105 S.D.: 4.74x104 S.D.: 1.45%x105 S.D.: 5.40x107

Min: 1.00x107 Min: 1.00x104 Min: 3.80x104 Min: 2.00x104 Min: 1.00x10°

Clostridium s Max: 6.00x107 Max: 1.00x105 Max: 1.10x105 Max: 1.00x105 Max: 6.00x105
P X: 4.00x107 X: 5.50%104b-cd X: 6.87x104b-cd X: 7.50%104b-cd X: 3.00x10°%

S.D.: 2.65x107 S.D.: 6.36x104 S.D.: 3.72x10* S.D.: 3.79x104 S.D.: 2.65x10°

X, average value; S.D., standard deviation; Min, minimum value; Max, maximum value; @ b= etclack of statistically significant difference between

different manures (a-e) comparison in rows

There was no difference in the number of Escherichia coli
(2.4X10-4.00 X 108 cfu/g) between geese (c) and cattle
manures (d), while for the other manures, the differences
were statistically significant. The total number of Clostrid-
inm sp. (5.5%10%—4.0x 107 cfu/g) was similar regarding
to 3 manures: broiler (b), geese (c) and cattle (d), where-
as only the laying hens (a) and swine manures (e) were
different significantly. The application of the bioprepara-
tion for laying hen manure resulted in a reduction in the
number of aerobic and anaerobic bacteria by one log-
arithmic unit (Figs. 2-3). There were no differences in
the total number of aerobic and anaerobic bacteria with
reference to the other investigated manures. Statistical-
ly significant differences were noted in the case of the
number of Enteroccocus sp. (Fig. 4). In the case of broil-
er manure, the application of biopreparation reduced
the number of investigated bacteria by a half of loga-

1,0E+12 . T
1,0E+10 — —
— 1,0E+08
3
k) 1,0E+06
1,0E+04
1,0E+02
1,0E+00
Laying Broilers Geese Cattle Swine
hens
H manure manure+ biopreparation

Figure 2. Total number of aerobic bacteria in different manures
after hygienization
*difference statistically significant p<0.05

rithmic unit. Similarly, the same observation was found
in the case of geese manure but it was not statistically
confirmed. The effect of hygienization was not report-
ed in the case of laying hen, swine and cattle manures.
Morteover, the number of microbes even increased after
the application of the biopreparation. The highest re-
duction of coliform numbers, reaching two logarithmic
units, was observed during broiler manure deodorization
(Fig. 5). Furthermore, hygienization was also achieved
during the treatment of cattle and swine manures. The
number of coliforms after 4 days of geese manure de-
odorization dropped, but the differences between initial
and final concentrations of these bacteria were statisti-
cally insignificant. The process of hygienization was also
effective for E. co/i (Fig. 6) removal in cattle and geese
manure, however only in the case of cattle manure ex-
periment, a one logarithmic unit reduction was statisti-

*
| | |

Laying Broilers Geese Cattle Swine

hens

1,0E+12

1,0E+10
1,0E+08

1,0E+06

(cfu/g)

1,0E+04

1,0E+02

1,0E+00

B manure manure + biopreparation

Figure 3. Total number of anaerobic bacteria in different ma-
nures after hygienization
*difference statistically significant p<0.05
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1,08+02 1,0E+02
1,0E+00 ' ' ' L0E+00
Laying Broilers Geese Cattle Swine Laying Broilers Geese Cattle Swine
hens hens
H manure manure + biopreparation H manure manure + biopreparation

Figure 4. Number of Enterococcus sp. in different manures after
hygienization
*difference statistically significant p<0.05

1,0E+12

1,0E+10

1,0E+08

1,0E+06

(cfu/g)

1,0E+04

1,0E+02

*

I I = I =

Laying Broilers Geese Cattle Swine
hens

1,0E+00

H manure manure + biopreparation

Figure 6. Number of E. coli in different manures after hygieniza-
tion
*difference statistically significant p<0.05

cally confirmed. A positive effect of the biopreparation
application on the other tested manures, in terms of
E. coli inactivation, was not observed. In the case of all
types of examined manures, the number of Clostridium
sp. was lowered by one logarithmic unit, but only in the
case of broiler and geese manures the differences were
statistically significant (Fig. 7).

Laying hens | ——
Broilers
Geese NG
Cattle TNEGEE—
Swine
0 20 40 60 80
Reduction (%)
B manure manure + biopreparation

Figure 8. Ammonia reduction after 96 hours of deodorization by
biopreparation

Figure 5. Number of coliforms in different manures after hy-
gienization
*difference statistically significant p<0.05

1,0E+12
1,0E+10
— 1,0E+08 —
3
© 10E+06 . .
1,0E+04 == = -
1,0E+02 —
1,0E+00
Laying Broilers Geese Cattle Swine
hens
B manure manure + biopreparation

Figure 7. Number of Clostridium sp. in different manures after
hygienization
*difference statistically significant p<0.05

Figures 8—12 show the efficiency of the biopreparation
application in order to remove the investigated odorous
compounds. Ammonia concentration decreased after the
hygienization process with the highest effectiveness for
laying hens, broiler and geese manures. Trimethylamine,
isobutyric acid and dimethylamine concentrations were
reduced with higher efficiency in comparison to the con-

Laying hens
Broilers | E—
Geese NE——
Cattle NEGCGEE—
Swine T
0 20 40 60 80
Reduction (%)
M manure manure + biopreparation

Figure 9. Dimethylamine reduction after 96 hours of deodoriza-
tion by biopreparation



796 K. Matusiak and others

2015

Laying hens ' ——
Broilers | EG————
Geese T———
Cattle |EGC—
Swine NG
0 20 40 60 80
Reduction (%)
M manure manure + biopreparation

Figure 10. Trimethylamine reduction after 96 hours of deodori-
zation by biopreparation

Laying hens ———
Broilers E———
Geese NE—
Cattle ' E—
Swine
0 20 40 60 80
Reduction (%)
B manure manure + biopreparation

Figure 11. Isobutyric acid reduction after 96 hours of deodoriza-
tion by biopreparation
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Figure 12. Hydrogen sulphide reduction after 96 hours of deo-
dorization by biopreparation

trol treatment only in the case of laying hens manure,
and the reduction level was between 45 and 56%. Fur-
thermore, the removal of trimethylamine was observed
in the cattle manure experiment (37%). It was also re-
ported that the biopreparation was the most efficient in
the removal of hydrogen sulfide. Regarding the treat-
ment of geese, laying hens, swine and cattle manures,

hydrogen sulfide was removed by 56, 65, 73 and 78%,
respectively.

DISCUSSION

The dry matter (DM) content determined in case of
the broiler manure was twice as high (55%) as the val-
ue obtained for laying hen or swine manures (24-25%),
while for geese manure DM concentration was as high
as 71%. According to Bednarek e a/ (2010), the dry
matter content in natural fertilizers such as manures, de-
pends on the sample origin and type of manure and vary
between 10 and 69% (Kwak ez al, 2005; Rankins e/ al,
2002) which is in an agreement with our results.

In the present study, dry organic matter content of
investigated manures was between 66% (laying hens)
and 87% (cattle). Kowalczyk-Jusko (2010) and Giingor
Demirci et al. (2004) reported similar values of that in-
dicator, within the range of 63-80%, depending on the
manure type.

The highest concentration of total Kjeldahl-nitrogen
was determined in the samples of laying hen manure
(7.2%) while the lowest in the case of cattle manure
(4.5%). This corresponds to the results (4.5-8%) re-
ported by Nodar ¢z a/. (1990), and Giing6r-Demirci ef al.
(2004). However, Myszograj and Puchalska (2012) and
Bednarek ¢ al. ( 2010) noted lower values (0.4-2.8%).

The content of total organic carbon determined in the
investigated manures was between 10% (laying hens) and
33% (geese), whereas Kwak e/ a/. (2005) reported the
concentration of this parameter in the broiler manure to
be at the level of 45%, probably due to a large amount
of straw and organic matter in it. Animal manure is a
heterogeneous material, therefore collection of repre-
sentative samples (homogenous, sampled from different
places, with at least 5 replications etc.) is crucial. Thus,
the chemical composition reported by different authors
may differ considerably. The amount of total phospho-
rus in all analyzed manures was at a similar level (2.3-2.7
g/kg), which corresponds to the findings of Myszograj
and Puchalska (2012). The pH value of the examined
manures was between 6.3 and 8.9, depending on the
type of animals. This corresponds well with the results
reported by many authors. Witkowska ez 2/ 2010 report-
ed the manure pH value within the range of 4.5-6.0, de-
termined at different weeks of broiler breeding period,
while Nicholson ef a/. (2005) and Whitehead and Cotta
(2001) gave the level of 6.2-8.8, depending on the types
of animals (milk cows, pigs, broilers) that manure was
collected from.

In the present study, microbiological analysis of ma-
nures was also performed. The total number of bacteria
in the laying hen manure reached 10 cfu/g, which was
greater by two logarithmic units than the numbers re-
ported by Nodat ¢ al. (1992) (108 cfu/g). Witkowska ez
al. (2010) determined the number of aerobic bacteria in
control mulch/litter at the level of 9.5X 107 cfu/g, which
increased to 2.3X10 9 cfu/g after 5 weeks of broiler set-
tlement. It was found that manures are a good environ-
ment for growth of potentially pathogenic microorgan-
isms, including Escherichia coli and coliforms, Clostridinm
sp. and Enterococens sp. The presence of these groups of
microorganisms in poultry manure was also reported by
Thurston-Enriquez e /. (2005). Nicholson ez a/. (2005)
noticed that the most frequently occurring pathogenic
microorganisms in manures (cattle, pig, sheep and broil-
ers) were L. coli, Salmonella sp., Listeria sp., Campylobacter
sp. Their studies have provided data on pathogen reduc-
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tion during solid manure heap storage, mainly due to the
increase of temperature. Hutchison e/ a/. (2004) studied
the zoonotic agents in fresh and stored manures (cat-
tle, pig, poultry, sheep) for the presence of pathogens.
They found the presence of E. coli, Salmonella spp., Lis-
teria spp., Campylobacter spp., C. parvum at a level between
1.0x 10" and 4.0x 10% cfu/g.

The biopreparation used during deodorization process
in the present study was effective depending on the ana-
lyzed manure and volatile compound that was evaluated.
In the case of laying hen manure, the reduction in the
content of all investigated compounds i.e. ammonia, di-
methylamine, trimethylamine, isobutyric acid and hydro-
gen sulfide was noted. The application of the bioprepa-
ration onto the broiler manure was effective only in the
case of ammonia removal, whereas for geese manure,
both ammonia and hydrogen sulfide were successfully
removed. Moreover, only 2 odorants emitted from cattle
manure (trimethylamine and hydrogen sulfide) and one
from swine manure (H,S) were reduced after application
of the biopreparation. It was stated that the deodoriza-
tion process carried on laying hen manure was more ef-
ficient compared to the same process performed with
broilers, geese, cattle and swine manures. A high effi-
ciency of biological deodorization has been confirmed by
many authors. Mao ¢/ al. (2006) achieved a reduction of
ammonia emission from poultry manure by 90% using a
biofiltration method. Rappert and Miiller (2005), Shirkot
et al. (1994), Ghisalba ez al. (1985) reported the same re-
moval efficiency in the case of di- and tri- methyloam-
ine. Parker et al. (2013) observed the removal of isobu-
tyric acid content but the treatment efficiency results
were lower (about 21%) than the numbers reported in
the presented study. Similarly, Hirai ez a/. (2001) reached
a hydrogen sulfide removal at the level of 50%, which
was also lower compared to our results.

Elimination of odors from manures during animal
production, with the use of mineral additives, has been
studied previously. Rudzik (1998) applied kaolin and ze-
olite for this purpose, and the reduction in the level of
ammonia and other odorants obtained in his study was
about 58% and 49%, respectively. Turan e/ al. (2009) re-
ported that expanded vermiculite had the ability to re-
duce the content of volatile organic compounds emit-
ted during composting of poultry litter by about 60%.
Coates e al. (2005), Varel and Wells (2007) applied vac-
cine with a bacterial strain Geobacter sp. NU with the iron
(III) addition and a thymol additive (1.5 to 3.0 kg/m?),
for the reduction of volatile compounds emitted from
pig manure slurry with good results for ammonia and
volatile fatty acids elimination. Furthermore, Cai et al.
(2007) found that topical application of zeolite to laying
hen manure caused a reduction of the total odor by 51
to 67%. Ivanov (2001) used the addition of hydrated alu-
minum sulfate and acids: citric (at 5%), tartaric (4%) or
salicylic (1.5%) in poultry houses for ammonia removal.

The conducted experiments showed that the animal
wastes are different in terms of both chemical and mi-
crobiological composition. Moreover, poultry manure
creates the best conditions for the growth of microor-
ganisms and is responsible for the highest emission of
volatile odorous compounds. The hygienization and deo-
dorization process that was investigated with the use of
our biopreparation demonstrated the effect of reducing
the number of microorganisms in the range of 1-2 units
on a logarithmic scale, whereas the concentrations of
volatile compounds decreased by 46—-78%, depending on
the volatile compound and manure type. The best results
were obtained for the laying hen manure. According to

the authors of this paper, further research should be fo-
cused on the development of individual composition of
the biopreparation for each type of manure. Better treat-
ment efficiency in terms of manure hygenisation should
be achieved by including in the biopreparation composi-
tion microorganisms of antagonistic activity towards mi-
crobiocenosis present in the manures.

Acknowledgments

This research was financially supported by the Na-
tional Centre for Research and Development grant no.
PBS2/B8/14/2014 “Innovative deodotizing bioprepara-
tion for poultry production premises”.

REFERENCES

Barowicz T (2007) Animal production and environmental protection.
Wiadomosci Rolnicze 09: 32 (in Polish).

Bednarek W, Tkaczyk P, Dresler S (2010) The dry matter content and
macronutrients in natural fertilizers in the region of Lublin. Aca
Agrophysica 16: 513 (in Polish).

Bisutti I, Hilke I, Raessler M (2004) Determination of total organic
carbon an overview of current methods. Trends Anal Chem 23: 716—
726. doi:10.1016/j.trac.2004.09.003.

Blaszezyk MK (2007) Microbiological issue of bio-deodorization of
industrial and post. Composting organic waste. Microorganisms in
environmental protection. Wyd Naunkowe PWIN Warszawa 88-91;
143-155 (in Polish).

Borowski S, Gutarowska B, Durka K, Korczyfski M, Opalinski S,
Kotacz R (2010) Biological deodorization of organic fertilizers.
Przemyst Chemiczny 89: 318-323 (in Polish).

Burgess JE, Parson S, Stuetz R (2001) Developments in odour control
and waste gas treatment biotechnology: a review. Biotechnology Ad-
vances 19: 35-63. doi:10.1016/80734-9750(00)00058-6.

Cai L, Kouziel JA, Liang Y, Nguyen AT, Xin H (2007) Evaluation of
zeolite for control of odorants emissions from simulated poultry
manure storage. Journal of Environmental Quality 36: 184—193.

Coates JD, Cole KA, Michaelidau U, Patrick J, McInerney MJ, Achen-
bach LA (2005) Biological Control of Hog Waste Odor through
Stimulated Microbial Fe (III) Reduction. Applied and Environmental
Microbiolggy T1: 4728-4735. doi: 10.1128/AEM.71.8.4728-4735.2005.

Dutkiewicz |, Spiewak R, Jablonski I (2000) The classification of harm-
ful biological agents in the working environment and exposed to
occupational groups. lnustytut Medycyny Wsi Lublin.

Ghisalba O, Cevey P, Kuenzi M, Schar HP (1985) Biodegradation
of chemical waste by specialized methylotrophs and alternative to
physical methods of waste disposal. Resources Conservation and Recycling
8: 47-71. doi:10.1016/0361-3658(85)90025-6.

Giing6r-Demirci G, Goksel N Demirer (2004) Effect of initial COD
concentration nutrient addition temperature and microbial acclima-
tion on anaerobic treatability of broiler and cattle manure. Bioresource
Technology 93: 109-117. doi:10.1016/j.biortech.2003.10.019.

Gupta G, Doherty M (1990) Effect of composting and number of
flocks on poultry litter extract BOD and toxicity. Water Air & Soil
Pollution 51: 139-145.

Gupta G, Kelly P (1990) Toxicity (EC50) comparisons of some ani-
mal wastes. Water Air & Soil Pollution 53: 113—117. doi: 10.1007/
BF00154995.

Gupta G, Krishnamurthy S (1990) Changes in poultry litter toxicity
with time. Bulletin of Envil / Ci ination and Toxicology 44:
579-584.

Gutarowska B, Matusiak K, Borowski S, Rajkowska A, Brycki B (2014)
Removal of odorous compounds from poultry manure by microor-
ganisms on perlite — bentonite carrier. Journal of Environmental Man-
agement 141: 70-76. doi: 10.1016/j.jenvman.2014.03.017.

Harvey D (2000) Modern Analytical Chemistry. ISBN 0-07-116953-9 232-
272.

Hayes ET, Leck ABG, Curran TP, Dodd VA, Carton OT, Beattic VE,
O’Doherty JVO (2004) The influence of diet crude protein level on
odour and ammonia emission from finishing pig houses. Bioresource
Technology 91: 309-315. doi:10.1016/S0960-8524(03)00184-6.

Hermanowicz W, Dozanska W, Dojlido ], Koziorowski B (1999) Phys-
icochemical research of water and wastewater. Arkady, Warszawa (in Pol-
ish).

Hirai M, Mamamoto M, Yani M, Shoda M (2001) Comparison of
the biological H,S removal characteristics among four inorganic
packing materials. Journal of Bioscience and Bi ng 91: 396-402.
doi:10.1016/S1389-1723(01)80158-4.

Hutchison ML, Walters LD, Avery SM, Synge BA, Moore A (2004)
Levels of zoonotic agents in British livestock manures. Ler-




798 K. Matusiak and others

2015

ters in  Applied  Microbiology  39: 207-214. doi:
765X.2004.01564.x.

Ivanov IE (2001) Treatment of broiler liter with organic acids. Research
in Veterinary Science 710: 169—-173. doi:10.1053/rvsc.2001.0454.

Kowalczyk-Jusko A (2010) Litter bring income. Agroenergetyka 2: 6-8
(in Polish).

Ko$mider J, Mazur-Chrzanowska B, Wyszyaski B (2002) Odours. Wyd.
Naukowe PWN Warszawa (in Polish).

Kuczewski K, Lomotowski | (2002) Composts based on poultry manure.
Wyd. Akademii Rolniczej. Wroctaw 7-26 (in Polish).

Kwak W, Huh J, McCaskey T (2005) Effect of processing time on en-
teric bactetia survival and on temperature and chemical composition
of broiler poultry litter processed by two methods. Bioresource Tech-
nology 96: 1529-1536. doi:10.1016/j.biortech.2004.12.018.

Mao I, Chung T, Shu S, Tsair L, Wang C, Mei C (2006) Critical com-
ponents of odors in evaluating the performance of food waste
composting plants. Scence of the Total Environment 370: 323-329.
doi:10.1016/j.scitotenv.2006.06.016.

Myszograj S Puchalska E  (2012) Waste from rearing and slaughter of
poultry — treat to the environment or feedstock for energy. Medyeyna
Srodowiskowa — Environmental Medicine 15: 106-115 (in Polish).

Nicell J (2009) Assessment and regulation of odour impacts Atmospheric
Environment 43: 196-206. doi:10.1016/j.atmosenv.2008.09.033.

Nicholson FA, Groves SJ, Chambers BJ (2005) Pathogen survival dur-
ing livestock manure storage and following land application. Biore-
source Technology 96: 135-143. doi:10.1016/j.biortech.2004.02.030.

Nodar R, Acea M, Carballas T (1992) Poultry slurry microbial popula-
tion: composition and evolution during storage. Bioresource Technology
40: 29-34. doi:10.1016/0960-8524(92)90115-E.

Nodar R, Acea M, Carballas T (1990) Microbial composition of
poultry excreta. Biological wastes 33: 95-105. doi:10.1016/0269-
7483(90)90150-Q.

Opalinski S, Korczynski M, Szoltysik M, Kolacz R, Dobrzanski Z,
Gbiorczyk W (2010) Application of mineral sorbents to filtration of
air contaminated by odorous compounds. Chewical Engineering Trans-
actions 23: 369-374. doi: 10.3303/CET1023062.

Opalifiski S, Korczynski M, Szoltysik M, Dobrzanski Z, Kotacz R
(2015) Application of aluminosilicates for mitigation of ammonia
and volatile organic compound emissions from poultry manure.
Open Chemistry 13: 967-973. doi: 10.1515/chem-2015-0115.

Parker D. B, Gilley J, Woodbury B, Kim Ki-Hyun Galvin G, Bartelt—
Hunt S. L, Li Xu Snow D. D (2013) Odorous VOC emission fol-
lowing land application of swine manure slurry. Azmospheric Environ-
ment 66: 91-100. doi:10.1016/j.atmosenv.2012.01.001.

Persaud KC, Khaffaf SM, Hobbs PJ, Sneath RW (1996) Assess-
ment of conducting polimer odour sensors for agricultural mal-
odour measurements. Chemical Senses 21: 495-505. doi: 10.1093/
chemse/21.5.495.

10.1111/§.1472-

Rankins ], Poor D, Capucille D, Rogetrs G (2002) Recycled poultry
bedding as cattle feed. VVeterinary Clinics of North America Food Animal
Practice 18: 253-266. doi: 10.1016/S0749-0720(02)00015-4.

Rappert S, Miller R (2005) Microbial degradation of selected odor-
ous substances. Waste Menagement 25: 940-954. doi:10.1016/j.was-
man.2005.07.015.

Rudzik F (1998) Zoohygienic studies on the use of kaolin and zeolite
for the optimization of an environmental conditions in the broiler
production. Zeszyty Naukowe Akademii Rolniczef we Wroclawin Zootech-
nika 44: 101-119 (in Polish).

Shirkot CK, Shirkot P, Gupta KG (1994) Isolation from soil and
growth characteristics of the tetramethylthiuram disulfide (TMTD)
degrading strain of Pseudomonas aernginosa. Journal of Environmental Sci-
ence and Hlealth 29: 605-614. doi:10.1080/10934529409376057.

Sieminski M (2008) Environmental health risk. Wydawnictwo naukowe
PWN. Warszawa. 522-523 (in Polish).

Stephenson A, McCaskey T, Ruffin B (1990) A survey of broiler lit-
ter composition and potential value as a nutrient resource. Biological
Wastes 34: 1-9. doi:10.1016/0269-7483(90)90139-].

Thurston-Enriquez JA, Gilley JE, Eghball B (2005) Microbial quality of
runnof following land application of cattle manure and swine slurry.
Journal of Water and Health 3.2 157-169.

Turan NG, Akdemir A, Ergun ON (2009) Removal of volatile or-
ganic compounds by natural materials during composting of
poultry litter. Bioresource Technology 100: 798-803. doi: 10.1016/j.bi-
ortech.2008.07.010.

Tymczyna L, Chmiclowiec-Korzeniowska A, Saba L (2004) Biological
treatment of laying house air with open biofilter use. Polish Journal of
Environmental Studies 13: 425-428.

Varel VH (2002) Livestock manure odor abatement with plant—derived
oils and nitrogen conservation with urease inhibitors: A review Jour-
nal of Animal Science 80 (E. Suppl. 2): E1-E7.

Varel VH, Wells JE (2007) Influence of thymol and a urease inhibi-
tor on coliform bacteria odor urea and methane from a swine pro-
duction manure pit. Journal of Environmental Quality 36: 773-779 doi:
10.2134/jeq2006.0394.

Whitehead TR, Cotta MA (2001) Characterisation and compari-
sion of microbial populations in swine faeces and manure storage
pits by 16S tDNA gene sequence analyses. Anaerobe 7: 181-187.
doi:10.1006/anae.2001.0388.

Witkowska D, Chorazy L, Mituniewicz T, Makowski W (2010) Mi-
crobiological contamination of bedding and air during the rearing
of broilers. Instytut Technologiczno Pryyrodnicgy w Falentach., vol. 10 pp
201-210 (in Polish).

Zhang ZF, Kim IH (2014) Effects of multistrain probiotics on growth
performance apparent ileal nutrient digestibility blood characteristics
cecal microbial shedding and excreta odor contents in broilers. Pou/-
try Science 93: 364-370. doi: 10.3382/ps.2013-03314.



