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ABSTRACT

The immediate concern with poultry farming is the odors and the efficacy of control agents. The challenge
with most odor control agents is their inability to guaranty long term odor control. In this work the Effect
of the mixture of Moringa Oleifera Seed Powder and Ferrous Sulfate Hepta Hydrate on poultry waste odor
was studied and a linear model was generated to allow for prediction and control of odor levels at any
given time. The Moringa oleifera seed powder (MOSP) and Ferrous sulphate heptahydrate (FSH) were
formulated via factorial design approach and tested for their odor control effectiveness on poultry waste.
From the trend analysis, it was seen that all the factors and formulations favorably altered the release of
odor levels. The odor levels from the best performed formulation, F2 which gave about 53.6% odor
reduction, were linearly regressed on the time period according to the method of least squares. The model
equation generated was Y = 3.23 — 0.31x, from which the desired odor level can be predicted for any given
time period. The mixture is recommended for its application in odor monitoring and control to mitigate
odor in many odor generating facilities as a strategy in environmental pollution control.
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1 INTRODUCTION

Attention to odor as an environmental nuisance has been growing as a result of increasing

industrialization and the awareness of people’s need for a clean environment [1, 2, 3]. As a
consequence, efforts to abate odor problems are necessary in order to maintain the quality of the
environment. Numerous regulations on control of odor in the environment are promulgated in many
countries, especially in industrialized countries, where the attention to and demand for clean air is an
important aspect of the environment so as to guaranty sustainable development. Odorous emissions from
poultry feeding operations are the products of the microbial decomposition of manure nutrients [4].
Decomposition and formation of these gaseous compounds begin immediately at excretion and will
continue until the manure is incorporated into the soil. The collection, storage, transportation, treatment and
disposal of poultry manure are major causes of odor problems from poultry farms [5]. Most often the odor
is a result of the uncontrolled anaerobic decomposition of the manure. This process is characterized by
obnoxious odors and the production of considerable amounts of gases which are hazardous to both man and
birds [6, 7]. The offensive smell constitutes the greatest public concern, which in some cases, leads to
litigation in the developed countries. In addition, the emissions contribute significantly to the green house
effects leading to global warming and other environmental problems [8, 9]. Many attempts have been made
in the past to develop chemical or biological additives [10, 11, 12] and other mitigating strategies [13] which
will eliminate or reduce odor generation and distribution from poultry and livestock wastes in general. The
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results have been mixed, with products costly, scarce and largely unsatisfactory with gross inability to
guaranty long term odor control and thereby generally disappointing [7]. Therefore this study was designed
to formulate a mixture from MOSP and FSH and test its efficacy for odor reduction on poultry manure and
develop a model to enable odor measurement and prediction at any given time [14], given that most
commercial odor control agents are limited over time in their efficacy to control odor.

2 MATERIALS AND METHODS
2.1 Sample Collection and processing

M. Oleifera seeds were obtained from a local farmer in Girei Local Govt area of Adamawa state.
The seeds were sun dried for five days and then oven dried at 105°C for 12hrs. The dried MOS was
pulverized into powdered form in a micro harmer mill using a 300 mm mesh size as described in [15].
Ferrous sulfate heptahydrate, pH buffers, and other reagents were of the BDH Company obtained through
a local vendor. The Iron (II) salt was also dried at standard conditions. The dried materials were stored in
sealed plastic containers for matrix formulation.

2.2 Formulation of the Mixture

The MOSP and ferrous sulfate heptahydrate crystals were mixed by physical blending via factorial
design approach to form the biopolymer-based matrix according to methods described in [15]. It involved
the two components as factors, vize: factor A (Ferrous sulfate) at three levels each i.e. ai, a,, a3 representing
2%, 5% and 10% and factor B (MOSP) also at three levels each i.e. b, by, bs representing 2%, 5%, and
10%. This is a 2x3 factorial experiment from which a total of 9 treatment combinations were obtained and
were coded F1 to F9.

2.3 Manure Collection and Preparation

Poultry fecal waste was collected from caged broilers grown on a modern farming skill acquisition
center in Yola, Adamawa state Nigeria, after being excreted overnight. A clean 8 x 6 ft nylon sheet was
placed underneath the cages to avoid contamination of manure from the floor. This was carefully wrapped
and transferred to the laboratory for further processing.

2.4 Treatment of Manure with Factors and Formulations

The two factors and the various formulations obtained were added to about 300 g each of the poultry
waste and thoroughly mixed together using a motorized mixer. This was transferred into 1-L capacity wide
mouth glass bottles each and sealed with covers, underneath which were cotton swatches as odor
adsorbents. A controlled bottle with no addition was included. The bottles were painted black to minimize
the visual impact of manure during sampling and analysis. The bottles were transferred into the sniffing
room and incubated at room temperature. The contents of the flask were sampled at weeks 1, 2, 3, 4, and 5
for analysis [15].

2.5 Analysis of Odor

Analysis of odor was performed according to the procedures authored by [16, 17]. In these methods
a panel, whose physical conditions, experiences and skills were predetermined, was presented with the odor
samples who then rated each sample on a given scale of 0 — 5, representing no odor — maximum odor.

2.6 Odor Observation

The panelists were provided with disposable gloves for opening the jars. They first smelt coffee
and waited for about 30 seconds. This help in removing traces of any previous odors from the olfactory
senses. There were two jars marked ‘0’ and ‘5’ for their reference, where ‘0’ was rated for no odor and ‘5’
for highest level of odor for control waste. The panelists smelt these jars to understand the two odor levels
on which they had to base their observations. The observations were taken by lifting the lids off the jars
with the gloved hand and smelling the treated samples from a distance of 6-8 inches. The panelists spent
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about 20 seconds to determine the levels of odors before marking down their observations. In case, a
panelist became confused at any point about the odor level she/he came back to the reference jars and smelt
the jars before going any further. If a panelist felt that his/her sense of smelling appears saturated, he/she
smelt some coffee and then proceeded with the observation.

2.7 Odor Modeling

The odor levels were linearly regressed on the time period according to the method of least squares.
The model equation used is given in equations 1 and 2.

Y, =a+b(x—%)

(1)

Where Y = estimated average value of odor levels; a = arithmetic means of values of odor levels;
X = any time of measurement; X = average time period.

b — Z (X—f)(y—}_/)

(x-x)2

(2)

The details of the calculation for formulation F, are shown below using the data in Table 1.

Table 1. Least Squares Calculation

x y x—x (x-%? - E-00-)
L. 3.0 2 4 0.68 -1.36

2. 27 -1 1 0.38 -0.38

3. 2.1 0 0 -0.22 0

4. 2.0 1 1 -0.32 -0.32

5. 1.8 2 4 -0.52 -1.04

6 232 0 10 -3.10

3 RESULTS AND DISCUSSION

The overall effectiveness in odor reduction for the five weeks treatment period for factors and
formulations are presented in Figures 1 to 4. From Figure 1, It can be seen that Al reduced the odor level
to 3.12 (37.6%) while A2 was at 2.82 (43.6%) and A3 reduced the odors by 47.6% at 2.62.
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Figure 1. Overall effectiveness of factor A
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The overall effectiveness of B at all levels for the treatment period is depicted in Figure 2. The data
from the figure show that B1 diminished the poultry waste odor levels to 3.24 (35.2%), B2 altered it to 3.5
(30%) and B3 reduced the odor levels to 3.6 (26.8%).
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Figure 2. Overall effectiveness of factor B

The effectiveness of the factors increased with increased concentration in factor A, while it
decreased with increased in concentration in factor B as shown in Figures 3 and 4. The use of FeSO4.7H20
on poultry waste has a desirable effect because it is ionically a strong acid that rapidly reduces pH. Lowering
manure pH provides a hostile condition for microbes and therefore enhances inhibition of ammonifying
and putrefying bacteria responsible for anaerobic manure degradation and hence odor generation [10]. The
seed of moringa oleifera have also been reported to have strong antimicrobial properties [18]. This property
was tested on the poultry waste in this work in order to suppress microbial growth responsible for degrading
the organic mass into odorous compounds. The scientific evidence for its antimicrobial activity is
overwhelming and has been available for over 50 years [19]. Specific components of Moringa preparations
that have been reported to have antibacterial activity include 4-(4'-O-acetyl-a-L-
rhamnopyranosyloxy)benzylisothiocy-anate,  4-(a-L-rhamnopyranosyloxy) benzyl isothiocy-anate,
niazimicin, pterygospermin , benzyl isothiocyanate , and 4-(a-L-rhamnopyranosyloxy) benzyl
glucosinolate. The synergistic effect of these two cheap and readily available antimicrobial agents in the
formulations F1 to F9 was capitalized upon to achieve odor reduction in poultry waste in this simulated
study.

3.1 Comparison of overall effectiveness of factors A and B

The differences in overall effectiveness of factors A and B were evaluated based on their composite
LSM computed as shown in figure 3. Among all the levels of the two factors, only A3 was found to modify
the odor levels to 3.12 (48%). B3 seemed to be the least effective in reducing the odor levels to 3.66 (26.8%).
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Figure 3. Overall effectiveness of factors A and B

The overall effectiveness of the formulations, F1 to F9, over the entire 5 weeks period of treatment
is depicted in Figure 4. The results showed that F6 was the least with odor levels reduced to 3.18 (36%),
while F2 was the best with odor levels at 2.3 (53.6%) reduction. Differences in overall effectiveness of
formulations were evaluated based on the composite LSM shown in figure 4. Of all the nine formulations
only F2, F5 and F7 reduced the overall odor levels by more than 50%. F6 seemed to be the least effective
with odor reduction of 36%. The level of effectiveness of the remaining formulations was in-between 20%
and 50%. These results are also encouraging.
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Figure 4. Overall effectiveness of formulations
3.2 TREND ANALYSIS

The trends of odor changes over the treatment period were also analyzed for factors A, B and the
resulting formulations. This was to determine whether the mean values of the odor levels increased or
decreased during the period of treatment. In statistical terms, it explains whether the probability distribution
from which they arise changes over time. The trends of factors and formulations effectiveness are presented
in Figures 5 to 7. Generally, a linear trend was observed over time. In Figure 1, A3, performed best between
weeks 1 to 3 and week 5. In week 4, A2 was more effective. A1 was however least effective throughout the
treatment period. From Figure 2, B1 showed highest effectiveness between weeks 1 and 3. In week 4, all
the factor levels showed equality in their strength. B3 was however least effective throughout observation
period. Upon thorough observation of trends in formulations effectiveness (Figure 5), it can be seen that a
linear trend was also exhibited. However, formulations showed overlapping performances in week 1 to
week 5. Generally, all the factors and formulations improved with time in their odor reducing capacity and
hence showed a decreasing linear trend.
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Figure 7. Trends in effectiveness of formulations
33 Modeling of Odor Levels

From the trend analysis, it was seen that all the factors and formulations tested favorably altered
the release of odors. The materials had varying capacities for suppressing the generation and release of
odors which improved with time. Since the challenge with most odor control agents is their inability to
guaranty long-term odor control, a linear model was generated to allow for prediction of odor levels at any
given time period. The model equation generated is given below:

Y = 3.23- 0.31x 3)
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34 Overall Performance of Factors and Formulations

The performance summary shown in table 2 indicates that all the factors and formulations exhibited
significant short- and long-term odor control. F2, F5, and F7 were particularly impressive and can therefore
be used to effectively inhibit malodor generation from poultry waste and other animal houses. The
performances compared well with the efficacy of some commercial odor reducing products reported in the
literature. [10] investigated the addition of 10 g/kg ferrous sulfate as an additive to reduce ammonia
emissions from poultry manure and this gave 38.2% odor reeduction. Similarly, [11] studied the use of
calcium oxide at 10 g/kg rate as an additive to reduce ammonia emissions from poultry manure. This was
found to reduce ammonia emissions by 49.8% compared to untreated manure. In a study by [20], the use
of clinoptilolite, a natural zeolite, was investigated as an additive to reduce ammonia emissions from poultry
manure and was found to reduce ammonia emissions by 34.6% compared to untreated manure. [21] used
saponin at 6.2g/day for 60 days to treat hog waste and reported 26% odor reduction. A pH modifier,
AMGUARD, an organic acid, applied to waste for 8§ months gave 42% reduction in odor levels [22]. In
another study, a digestive agent used over 22 month’s period inhibited odor generation only by 30% [22,
23].

Table 2. Overall average % performances of factors and formulations

Product W1 W2 W3 W4 W5 Av.% performances
Al 30 32 34 44 48 37.6
A2 30 40 40 54 58 44 .4
A3 30 46 50 52 60 47.6
B1 24 26 30 38 54 34.4
B2 14 20 30 38 48 30
B3 18 18 20 36 44 27.2
F1 28 50 52 52 58 48
F2 40 46 58 60 64 53.6
F3 38 40 42 46 58 44.8
F4 38 40 56 60 60 50.8
F5 40 46 48 56 76 53.2
F6 22 28 30 46 54 36
F7 42 48 50 54 70 52.8
F8 34 42 50 56 66 49.6
F9 30 34 38 46 56 40.8

Investigated the efficacy of other 22 commercial manure amendments covering five classes
(microbial, chemical, adsorbent, masking and disinfectant) for both short- and long-term periods. Three
products showed significant short-term odor control. A microbial digest/ enzyme (MAF) showed a 33%
reduction in odor, another, a disinfectant (H,O;) with a 45% reduction and the third a masking agent
(Hyssopus officinalis) essential oil with a 27% reduction. These products were reported to offer potential
for use prior to the transition from storage to land application by providing short term odor reduction.
Reductions of odor emission by 22 or 17% respectively were also reported in manure treated with
peppermint oil and basil oil. The efficacy of Zeolite was also tested and was found to reduce odors by only
11%. Odor emission rates were reduced by 48% following the addition of digestive / facultative MBR and
chemical only as a frequent re-application to diary manure. However, some of the compounds tested were
found to influence odor generation instead. Manure treated with odorless glycerol, a product of biodiesel
production, increased odor emission by 27% [23]. In contrast to its performance at 3 days, H,O» increased
odor by 46% after 30 days incubation period. Zeolite was reported to influence odors by 177% after 30
days. On the whole, they concluded that none of the 22 manure amendments significantly reduced odor
emission from animal manure for both 3- and 30-days incubation periods. This agrees with the report that
a large percentage of the commercial odor reducing compounds are not effective, besides being costly and
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scarce [24]. This is an indication that short, medium- and long-term odor control from animal houses and
in particular, poultry houses remains challenging. Comparatively, the effects of the factors and formulations
reported in this work showed significant odor inhibition at both short- and long-term incubation periods
(Table 2). Therefore, they show promise of pre-land application use. The efficacy of these antimicrobial
agents and pH modifiers in odor reduction is predicated on the capacity to reduce or eliminate microbial
live, the odor causing agents in manure. Clearly, reducing the concentrations of potentially pathogenic
bacteria in manure is a key to reducing manure odors and is an attractive feature of odor controlling agents
[18].

4 CONCLUSIONS

From the results presented in this work, it can be concluded that the mixture of MOSP and FSH
used significantly reduced odor levels for the period of treatment. It can therefore be used to control odors
in poultry houses and other animal farming operations in the Agro — Industry. It also has the advantages of
being available, cheap and ecofriendly. However, the efficiencies varied as some had limited effects during
the time period. Since this is the limitation in most commercial odor control agents, a model was generated
to allow for the prediction of odor levels at any given time period.
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