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ABSTRACT 

The poultry industry is one of the largest and fastest growing sectors of livestock production in the world. 
The estimated 2010 world flock was over 18 billion birds with a yearly manure output of 22 million 
tonnes. Storage and disposal of raw poultry manure have become an environmental problem because of 
the associated air, water and soil pollution. Environmental and health problems such as odor and 
pathogens that may arise during and after land application of raw manure can be eliminated by drying. 
Dried manure can be utilized as a feed for ruminants because of its high nitrogen content. The aim of this 
study was to investigate the effects of drying temperature and depth, as well as the nutritional profile of 
dried manure and its suitability as an animal feed. Dried poultry manure contained sufficient levels of 
digestible energy, crude fiber, crude protein, crude fat, cobalt and iodine. Although dried poultry manure 
did not meet the dietary requirements for calcium, chloride, magnesium, phosphorus, potassium, sodium, 
copper, iron, manganese, selenium, sulfur or zinc it could be used as a feed stuff for ruminants after 
supplementation with the required nutrients. Heated air drying was most efficient at 60°C and at a depth 
of 3 cm. During drying poultry manure decreased in pH (8.4-6.9), protein content (43 to 39-43%) and 
amino acid content. The greatest reductions in microbial population occurred at the highest temperature 
(60°C) and the lowest manure depth (1cm). Reductions in the number of bacteria, mold/yeast and E. coli 
were 65-99, 74-99 and 99.97% respectively, Salmonellae was not detected in the dried product. Dried 
poultry manure was found to have a non-offensive odor. Odor intensity and offensiveness were reduced 
by 65 and 69% respectively during drying. Thin layer heated air drying of poultry manure between 40 
and 60°C created a safe and nutritionally appropriate feed for ruminants. 
  

Keywords: Poultry Manure, Drying, Temperature, Depth, Moisture Content, Pathogens, Odor, Protein, 

Amino Acid, Minerals, Animal Feed

1. INTRODUCTION  

 The poultry industry is one of the largest and fastest 
growing sectors of livestock production in the world with a 
35% increase in meat and egg production in the period from 
2000-2008 (FAO, 2010). Rearing of birds has grown from a 
side-line occupation into a commercial enterprise with 
single farms housing thousands of birds. The 2010 world 
annual census data, estimated the world flock to be over 18 
billion birds with an estimated yearly output of 22 million 
tonnes of manure (FAO, 2010). This rapid expansion of the 
industry over the last several decades has increased the need 
to find economically viable and environmentally acceptable 
ways of utilizing such large quantities of waste. 

With increasing production of poultry products, 
storage and disposal of raw poultry manure has become an 
environmental problem due to the associated air, water 

and soil pollution (Benali and Kudra, 2002). Poultry 
manure begins to decompose immediately after excretion 
giving off ammonia which, in high concentrations, can 
have adverse effects on the health and productivity of 
birds as well as the health of the farm workers (Zhang and 
Lau, 2007; Amon et al., 2006). Manure can also serve as a 
breeding ground for pathogenic microorganisms and as a 
medium for diseases transmission among birds. Flies and 
other undesirable insects can breed on the manure leading 
to the health hazards and nuisances associated with them 
(Lay et al., 2011; Axtell, 1999). Manure is also a source of 
odor caused by the activity of anaerobic microorganisms 
in the manure (Berry and Miller, 2005; Fares et al., 
2005). It is, therefore, necessary to subject poultry 
manure to some treatments in order to improve its 
storage and handling properties and to minimize the risk 
of disease transmission and environmental pollution. 
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Proper poultry manure management systems that will 
preserve the environment, contribute to both animal and 
human health and return a profit on investment to 
farmers need to be developed. 

Poultry manure can be dried and used in animal feed-
ing. Drying refers to the removal of moisture from the ma-
nure so that it is near equilibrium with atmospheric air. By 
drying, the rate of deterioration from chemical and biologi-
cal activity is minimized and the environmental problems 
associated with raw manure can be prevented. Drying also 
removes manure stickiness and hence allows for easier han-
dling (Bernhart and Fasina, 2009). Drying with heated air 
offers a number of advantages over unheated air drying 
including a higher rate of oxidation and pathogen destruc-
tion (Loehr, 1977). Drying with heated air can be carried 
out using a variety of heat sources such as solar energy, 
electricity, natural gas or other fossil fuels. However solar 
energy offers several advantages over other energy sources: 
(a) it is available in abundance all year round, (b) it has 
higher rate of oxidation and (c) it results in good waste sta-
bilization, odor control and pathogen destruction (ASABE, 
2009; Amine-Khodja et al., 2006; Martens and Bohm, 2009). 

Dried poultry manure has been used as an animal 
feed for ruminants (Thomas et al., 1972; Alam et al., 
2008). The use of poultry manure as cattle feed could sig-
nificantly improve the economics of dairy and beef pro-
duction. Savings in feed cost through nutrient recycling 
would be sufficient to justify the cost of drying while also 
protecting the environment. However the question of 
pathogen transmission from manure to animals must be 
addresses (Boer, 1981). 

The main aim of this study was to evaluate the ef-
fects of manure drying on the suitability of dried manure 
for use as an animal feed. The specific objectives were to 
(a) evaluate the drying behaviour of laying hen manure at 
temperatures in the range of 40-60°C and depths of ma-
nure between 1 and 3 cm and (b) determine the changes in 
the properties of the manure due to the drying process as 
measured by its nutritional value, pathogens content and 
presence and offensiveness of odor. 

2. MATERIALS AND METHODS 

2.1. Drying Trays 

Three sets of trays, each set consisting of three trays 
of the same dimensions were constructed using 
galvanized metal sheets for the drying of poultry manure 
in the laboratory. The trays each had a drying surface 
areas of 100 cm

2
. The depths of the trays were 1 cm, 2 

cm and 3 cm for sets 1, 2 and 3, respectively. Figure 1 
shows the dimensions of the drying trays. 

2.2. Manure  

Poultry manure was obtained from a layer house on 
Archibald Farms located in Stewiack East, 

approximately 80 km from Halifax, Nova Scotia. The 
manure was collected from under the battery cages of a 
laying house accommodating approximately 50,000 
hens. The manure collected was fresh and was not 
subjected to any treatment on the farm. It was placed in 
clean plastic bags and transported to the Waste 
Management Laboratory at Dalhousie University, 
Halifax, Nova Scotia where it was stored at -18°C. Some 
characteristics of the poultry manure used in this study 
are presented in Table 1. 

2.3. Experimental Procedure 

 The effects of three drying temperatures (40, 50 and 
60°C) and three manure depths (1, 2 and 3 cm) on the 
manure drying rate, drying time and manure characteristi- 
cs were investigated. The selected temperature range is 
within the range (35-75°C) of heated air using solar dryers 
(El-Sayed, 1993). Prior to placing the manure in the dry-
ing trays, it was removed from the freezer and allowed to 
thaw for 24 h at room temperature (22°C). The three sets 
of trays were weighed using a digital scale (METTLER 
Balance model PM4600, Fisher Scientific, Montreal, 
Quebec). The trays were then filled to their respective 
depths with the manure and weighed again. 
 

 

Fig. 1. The dimensions of the drying tray (h=1,2, or 3 cm). 

Table 1. Some characteristics of the poultry manure used in the 

study. 

Item Measured value 

Moisture content 78.4% 
Density 960 kg/m3 

Total solids 215520 mg/L 
Volatile solids 139770 mg/L 
Ash 75750 mg/L 
Total Chemical Oxygen Demand 328500 mg/L 
Soluble Chemical Oxygen Demand 130000 mg/L 
Total Kjeldahl Nitrogen 18960 mg/L 
Ammonium Nitrogen 9470 mg/L 
Calcium 19760 mg/L 
Phosphorous 5590 mg/L 
Potassium 4140 mg/L 
pH 8.40 
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The filled trays were placed in a forced draft oven 

(Isotemp Oven Model 655F, Fisher Scientific, Montreal, 

Quebec) adjusted to the required temperature. The drying 

rate was monitored by determining the change in weight at 

2 h time intervals until a constant weight was reached. The 

oven temperature was then readjusted to the next required 

temperature and the same experimental procedure was 

followed. Three replicates for each temperature-manure 

depth combination were carried out.  

2.4. Experimental Analysis 

The moisture content, density, total and volatile sol-
ids, total and soluble chemical oxygen demand, to-
tal-Kjeldahl and ammonium nitrogen, elemental (P, K, Ca) 
and pH analyses were performed on the raw manure. The 
moisture content, pH, protein, amino acids profile (12 
amino acids), minerals, total plate count, pathogen, insect 
and odor analyses were performed on the dried samples. 
The density, total solids and chemical oxygen demand 
analyses were preformed according to the procedures de-
scribed in the Standard Methods for examination of water 
and waste water (APHA, 1980). The total Kjeldahl and 
ammonium nitrogen analyses were performed using the 
Kjeltec Auto Analyzer (Model 1030, Toecator, Hoganas, 
Sweeden) according to the Kjeldahl method. The pH was 
measured using a pH meter (Model 805MV, Fisher Scien-
tific, Montreal, Quebec) according to the procedure de-
scribed in the Methods of Soil Analysis (ASABE, 2009). 
The nutritional analyses (energy, carbohydrates, crude pro-
tein, crude fat and crude fiber) were performed by Maxxam 
Analytics Inc., Mississauga, Ontario according to the pro-
cedure described by AOAC (2011). The elemental analyses 
(Ca, Cl, Mg, K, P, Na, S, B, Cu, Fe, Mn, Mo, Se and Zn) 
were performed in the Mineral Engineering Centre of Dal-
housie University, Halifax, Nova Scotia, using flame atomic 
absorption spectroscopy. The moisture content, protein, 
amino acid profiles, microbial and insect and odor analyses 
were performed as follows. 

2.4.1. Moisture Content 

The moisture content was determined using the 
oven drying method according to the procedure de-
scribed in the ASAE standards (ASABE, 2009). Sam-
ples of approximately 10 g were dried at 103°C for 24 h 
in a drying oven (Isotemp Oven Model 655F, Fisher 
Scientific, Montreal, Quebec) and the Moisture Con-
tents (MC) were calculated on both wet basis (% wb) 
and dry basis (% db) as follows: 
 

(Weight of wet sample Weightof dry sample) 100
MC(% wb)

Weight of wet sample

− ×

=
 (1) 

 
(Weight of wet sample Weight of dry sample) 100

MC(% db)
Weight of dry sample

− ×

=  (2) 

2.4.2. Odor 

An organoleptic test developed for the measure-

ment of odor from animal waste was used to measure the 

presence and offensiveness of odor in the dried poultry 

manure (Ghaly and MacDonald, 2012). This method was 

chosen because the complex nature of manure odor is 

best judged by the human nose. In this test, scales of 

0-10 were used to rate the odor as to its presence and 

offensiveness. No odor was assigned a score of 0 and 

very strong odor was assigned a score of 10. A scale of 

no offensive odor (0) and very offensive odor (10) was 

also used. The intermediate numbers 1-9 are described in 

the score sheet (Fig. 2), which was used by the panel 

members to rate the samples (50 g) placed before them in 

125 mL Erlenmeyer flasks. They were asked to rate the 

contents of the flasks according to the scales 0-10. The 

lower limits (0) were assigned to distilled water, whereas 

the upper limits (10) were assigned to the fresh poultry 

manure. The odor testing panel consisted of technicians, 

graduate and undergraduate students and faculty. The 

size of the panel was 10 members. Each panel member 

was asked to rate the samples as to the presence of odor 

and the odor offensiveness according to the 0-10 scales 

and to describe the odor on a separate data sheet. 

2.4.3. Total Microbial Count 

 Total plate count was employed to estimate the 
numbers of viable aerobic and facultative 
microorganisms based on the assumption that each 
viable cell would develop into a colony after incubation. 
The manure samples were collected in wide mouth 
sterilized containers. Each sample was diluted to insure 
that one of the final plates would have 30-300 colonies 
(the range which allows the most accurate approximation 
of the microbial population). The initial dilution (1:10) 
was prepared by placing 1 g on manure into 10 mL of 
physiological saline water. The bottle was shaken 
vigorously to obtain a uniform distribution of organisms. 
Further dilutions (1:10

3
, 1:10

4
, 1:10

5
, 1:10

7
 and 1:10

8
) 

were made by pipetting measured aliquots into 
physiological saline water. The bottles were thoroughly 
shaken and 1 mL of the dilution were pipetted into each 
labeled (specimen and dilution) petri dish. Samples from 
each dilution were plated in duplicate. Approximately 15 
mL of cooled melted medium was poured into each petri 
dish. Immediately thereafter, the plates were gently 
rotated 6 times in each direction to distribute the 
inoculum throughout the medium. The plates were 
allowed to solidify and incubated in the inverted position 
in an incubator (Model Number 2020, VWR 
International, Cornelius, Oregon) at 35-37°C for 48 h. 
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Plates that contained 30-300 colonies were selected for 
counting. An accurate count of the colonies was made by 
placing the plates on the platform of a colony counter 
(Cat.No.7-910, Fisher Scientific, Montreal, Quebec). 
This instrument facilitated the counting process since the 
colonies were illuminated and seen against a ruled 
background. The number of colonies was counted and 
the dilution of the specimen were used to calculate the 
cell count per milliliter of the specimen. 

2.4.4. Microbial and Insect Analyses 

The following analyses were also performed on 

the raw and dried manure samples: (a) yeast and mold 

enumeration (b) E. Coli estimation (c) Salmonellae 

examination (d) microscopic examination of insect, 

flies eggs and parasite. These analyses were per-

formed at Nova Scotia Research Foundation Corpora-

tion, Dartmouth, Canada. 

 

 

Fig. 2. Odor evaluation sheet (Ghaly and MacDonald, 2012). 
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2.4.5. Protein 

The total protein content was determined using the 
Tecator Kjeltec Auto Analyzer (Model-1026, Fisher 
Scientific, Montreal, Quebec). Clean empty tarred beak-
ers were weighed (W1) and approximately 1.0 g of the 
manure samples (or about 0.5 g of dried samples) were 
placed in each of the beakers and reweighed (W2). The 
contents of each of the beakers were transferred to macro 
250 mL digestion tubes. One “Kjeltab” (containing 3.5 g 
K2SO4 and. 0.0035 g Se), 3.0 mL of distilled water 
(H2O), 0.6 mL of concentrated sulphuric acid (H2SO4) 
and 0.3 mL of 30% hydrogen peroxide (H2O2) was added 
to the samples in the digestion tubes. The samples were 
digested at 420°C for 30 min in a digestion block heater 
(Tecator Digester Sytem, 20 Model-1016, Fisher Scien-
tific, Montreal, Quebec). The digestion tubes were re-
moved and allowed to cool for 10 min. Then, 30 mL of 
distilled water was added to the digestion tubes. The test 
tubes and digests were transferred to the Auto Analyzer. 
The constants, A and B, for the equipment were set at 
0.00 and 1.862, respectively. The titrant acid and the 
predetermined blank sample were set at 0.2127 M and 
0.01, respectively. Distillations, titrations and calcula-
tions were performed automatically. The percentage 
protein was computed from the following equation: 
 

2 1

Displayedresults
Totalprotein (%)

W W
=

−

 (3)  

 
2.4.6. Amino Acids Profile 

The amino acid contents (alanine, glutamic, threo-
nine, argninine, phenylalamine, valine, methionine, his-
tidine, serine, leucine, lysine and cystine) were deter-
mined using the HFB-IBA (Heptafluorobutyric isobutyl 
esters of amino acids) Amino Acid Derivatization Kit 
(Alltech Associates, Inc. Cat. No.18094). First, 50 mg 
samples of manure were weighed using a Mettler auto-
matic scale (Model AE200, Fisher Scientific, Montreal, 
Quebec) and placed in small reaction vials. 3 mL of 0.2 
M HCl was added to each vial and the solutions were 
heated to approximately 110°C for 30 h using a block 

heater (Model 16500-10, Hach Chemical Co., loveland, 
CO). Then, the vials were removed from the heater and 
dried under a stream of dry nitrogen. 1.25 mL of acetyl 
chloride (Cat. No. 18094B, Alltech Associates Inc. 
Deerfield, Illinois) was slowly added to 50 mL of isobu-
tanol and the mixture was added to each vial, (which 
contained dried sample). The vials were capped and 
heated at 110°C for 45 min then uncapped and heated at 
115°C under stream of dry nitrogen to remove excess 
reagent. The vials were removed from the heater and 
cooled in an ice bath for approximately 5 min. 3 mL of 
methylene chloride and 2 mL of HFBA (Cat. 
No.18094A, Alltech Associates Inc. Deerfield, Illinois) 
were added to each vial. The vials were capped and 
heated at 100°C for 4 h. The vials were removed from 
the heater and, after cooling to ambient temperature, 
excess reagent was again evaporated under a stream of 
dry nitrogen. The dried samples were redissolved in 2 
mL of ethyl acetate and injected into the gas chromato-
graph (Model-HP5890 Series II, Hewlett, Palo Alto, 
CA). The amino acids were determined from the output 
results of the gas chromatograph. 

3. RESULTS AND DISCUSSION 

3.1. Drying Time 

Table 2 shows the drying times at various manure 
depths and drying temperatures. The results indicated that 
the 1 cm deep manure layer dried the fastest at all three 
drying temperatures, followed by the 2 cm deep manure 
layer and the 3 cm deep layer. The thinner the manure 
layer, the lower the amount of moisture it contained and 
consequently the shorter the time required to drive off the 
moisture. The times required to dry the 2 cm deep manure 
layer at the temperatures of for 40, 50 and 60°C were 
more than the time required to dry the 1 cm deep manure 
layer by about 106, 100 and 87% while the times required 
to dry the 3 cm deep manure layer were more than the 
times required to dry the 2 cm deep manure layer by 22, 
12 and 7%, respectively. 

 
Table 2. Drying time and drying effectiveness of poultry manure.    

 Weight (g) 
Drying Drying Drying ------------------------------- Moisture Drying Effectiveness  
Temperature (°C) Depth (cm) Time (h) Initial Final  (g) (h/g) 

40 1  55 125.95 27.15 98.80 0.56 
 2  106 224.70 48.43 176.27 0.60 
 3  120 312.72 67.41 245.31 0.50 
50 1  44 129.16 27.84 101.32 0.43 
 2  84 226.21 48.71 177.50 0.47 
 3  90 314.28 67.74 246.54 0.37 
60 1  28 127.18 27.41 99.77 0.28 
 2  52 227.86 49.11 178.75 0.29 
 3  60 322.57 69.52 253.05 0.24 
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Several researchers studied the effect of drying 

temperature on the drying rate of various materials and 

reported faster drying rates at higher temperatures. Leo-

nard et al. (2005) investigated the effect of temperature 

(120, 140 and 160°C) on the rate of drying of municipal 

sludge and reported the fastest rate of drying at 160°C. 

Onider et al. (2010) studied the drying kinetics of rough 

rice at varying temperatures (19-26°C) and relative hu-

midity’s (19-68%) and observed the fastest drying rate at 

the highest temperature (26°C). Panchariya et al. (2002) 

studied thin layer drying of black tea at various tempera-

tures (80-120°C) and air velocities and reported the fast-

est drying rate at the highest temperature (120°C). Gely 

and Santalla (2007) studied the effects of initial moisture 

content and temperature (50-90°C) on the drying rate of 

quinoa seeds and observed the highest drying rates at 

90°C. Brooks et al. (2008) investigated the effects of 

temperature (55 and 65°C) on the drying kinetics of to-

mato pieces of various geometries (whole, halves, quar-

ters and eights) and found the fastest drying rates at 65°C 

for all geometries. 

The effect of bed depth on drying rate was also in-

vestigated by several researchers. Nazghelichi et al. 

(2010) investigated the effect of bed depth (30, 60 and 90 

mm) on the drying of carrot cubes and found the shortest 

drying time to be achieved at the 30 mm depth. Maskan et 

al. (2002) investigated the effect of layer thickness 

(0.71-2.86 mm) on the drying of fruit leather at various 

temperatures and air velocities and found the optimum 

depth to be 0.71 mm. Ertekin and Yaldiz (2004) investi-

gated the effect of eggplant slice thickness (0.63, 1.27, 

2.54 cm) on drying and reported the fastest drying times 

with the 0.63 cm thick slices. These results are similar to 

those obtained in the present study.  

3.2. Drying Effectiveness 

The parameter "drying effectiveness" is defined in 

this study as the time required to drive off 1 g of moisture 

from the manure. The results obtained from the present 

study showed that the difference in drying time between 

the shallower and deeper manure layers decreased as the 

temperature increased. However, when considering the 

drying effectiveness, the 3 cm manure depth was superior 

at all temperatures as less time was required to remove 1 g 

of water from the manure (Fig. 3). The results also 

showed that more time was required to remove one gram 

of water from the manure at the 2 cm depth than those 

required at the 1 and 3 cm depths at all temperatures stud-

ied as shown in Fig. 3.  
Ertekin and Yaldiz (2004) conducted a study into 

the thin layer drying of eggplant slices (0.63, 1.27 and 
2.54 cm thick) and found the most effective drying with 
2.54 cm thick slices. Significant increases in the depth of 
bed have been reported to decrease drying effectiveness. 
Rao et al. (2007) investigated the thin layer drying of 
parboiled paddy at depths between 5 and 20 cm and re-
ported optimum effectiveness with the lower depths in 
the range of 7-10 cm. Akal et al. (2007) investigated the 
effect of bed depth (10-30 cm) and air temperature (40, 
50 and 60°C) on the effectiveness of thin layer drying of 
rough rice and found the effectiveness to decrease with 
increasing bed depth. Nazghelichi et al. (2010) investi-
gated the effect of bed depth (30, 60 and 90 mm) on the 
drying effectiveness of carrot cubes and found the opti-
mum drying efficiency at 30 mm depth. 

3.3. Odor  

At the start of each experiment, the odor given off 

near the oven during the drying process was noticeable. 

 

 

Fig. 3. Manure drying effectiveness. 



A.E. Ghaly and K.N. MacDonald / American Journal of Agricultural and Biological Sciences 7 (3) (2012) 239-254 

 

245 Science Publications

 
AJABS 

 

However, as the drying process progressed, the presence 
and offensiveness of the odor decreased with the time 
and the final product (dried manure) did not have any 
offensive odor. The result of the organoleptic test (Table 
3 and Fig. 4) showed that both the presence and offen-
siveness of the odor in the dried poultry manure were 
reduced by 65.3% and 69.3% (as compared to that of the 
fresh poultry manure). The odor present in the dried 
manure was not found to be offensive (23.3% of the 
panel members described the odor as that of grain, 20% 
described it as a mold musty, 13.3% described it as am-
monia, 13.3% described it as sour, fermented, 6.7% de-
scribed it as fish odor, 6.7% described it as yeast odor ad 
6.7% described it as sulfide rotten eggs odor). 

Welsh et al. (1977) reported a statistically significant 
decrease in odor after drying swine manure. Zhang et al. 
(2009) stated that the odor intensity was affected by the 
initial moisture content. They compared the odor emission 
in the initial phase of composting of broiler litter with dif-
ferent moisture contents and found that nearly twice as 
much odor was emitted at the 75% moisture content com-
pared to 40% moisture content in the first 24 h. 

3.4. Microbial Count 

The results of the microbial analyses are shown in 
Table 4. High numbers of bacteria (477×10

7
 cells/g ma-

nure) and yeast and mould cells (2700 cells/g manure) 
were found in the raw manure. The drying process re-
duced the number of bacteria by 65.62-99.83% (from 

477×10
7
 to 164×10

7
-808×10

4
 cells/g manure) and 

yeast and mold cells by 74.07%-99.63% (from 2700 
cells/g manure to 700-<10 cells/g manure). The drying 
process reduced the number of E. coli by 99.97% 
(from 21,986,666 cells/g to 6263-<10 cells/g manure). 
Salmonellae were detected in the raw manure and the 
dried manure samples of the 3 cm deep layer collected 
after drying at 40°C. The results indicated that the 
higher the drying temperature and the thinner the ma-
nure layer, the greater the destruction of microorgan-
isms in the dried manure. 
 
Table 3. Odor rating. 

Parameter Dried Fresh 

Presence  3.47±1.25 10 

Offensiveness 3.07±1.53 10 

Description 

 Grain, Feed  10  - 

 Mold, Musty  6  - 

 Sour, Fermented  4  - 

 Yeast  2  - 

 Earth  2  - 

 Fish  2  - 

 Ammonia  2  3 

 Sulphide, Rotten Egg  2 12 

 Stagnant water  - 12 

 Rotten Cabbage Mercaptans  -  3 

* Total number of observations =30 

 

 

Fig. 4. Description of dried poultry manure odor. 
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Table 4. Average Microbial count in raw and dried poultry manure. 

 Drying 
Drying Temperature Depth Bacteria Yeast/Mold E. Coli Salmonellae 
(°C) (cm) (104 cells/g) (cells/g) (104 cells/g) (presence) 

40 1 55000 250 10 NDb 

 2 69000 370 20 NDb 

 3 75000  430 30 PPa 

50 1 2100  170 <10 NDb 

 2 2900  210 10 NDb 

 3 4100 310 20 NDb 

60 1 440 <10 <10 NDb 

 2 530 <10 <10 NDb 

 3 620 <10 <10 NDb 

Raw Manure   477000 2700  2290 PPa 

a- Partially Detected 
b- Not Detected 

 
Table 5. Protein content and pH of dried poultry manure. 

Drying Drying 
Temperature Depth Protein 
(°C) (cm) (mg/kg) pH 

40 1 40.66 6.6 
 2 42.24 6.4 
 3 42.39 6.6 
50 1 39.76 6.7 
 2 41.96 6.7 
 3 42.02 6.7 
60 1 39.48 6.6 
 2 41.49 6.5 
 3 41.59 6.6 

Raw Manure  43.32 8.4 
 

The metabolic activity of an organism is the result 
of biochemical reactions, which are influenced by tem-
perature. Consequently, the growth and survival of an 
organism is also influenced by temperature. The killing 
action of heat is a time-temperature dependent process 
(Gradel et al., 2003). Practical procedures by which heat 
is employed are divided into two categories: (a) moist 
heat and (b) dry heat. There is a considerable difference 
in the killing efficiency of moist and dry heat on organ-
isms. Moist heat destroys microorganisms through de-
naturation of cellular proteins, facilitated by the presence 
of moisture. In contrast dry heat dehydrates the cell and 
destroys microorganisms through the oxidation of intra-
cellular constituents (Cutter, 2002). Hence, dry heat (or 
hot air) sterilization is recommended where it is either 
undesirable or unlikely that pressurized steam will make 
direct and complete contact with material to be sterilized. 

Chang et al. (1974) reported that the aerobic and 
anaerobic microbial counts were directly related to the 
moisture content of dehydrated cage layer samples and 
an inversely related to the dehydration temperature. The 
authors observed that the aerobic and anaerobic microbi-
al counts could be significantly reduced if the moisture 
content of the sample was reduced to less than 10%.  

Kim et al. (2012) studied the thermal inactivation 
of Salmonellae in broiler litter by dry heat and found that 

the temperature and moisture content affected the sur-
vival of Salmonellae in the litter. They reported the time 
required for a 7 log reduction in Salmonellae at 30% 
moisture content to be 80, 78 and 44 min for the 70, 75 
and 80°C drying conditions respectively. When the ini-
tial moisture content of the broiler litter was increased 
from 30 to 50%, the time required to achieve a 7 log re-
duction was 100, 93 and 63 min at 70, 75 and 80°C dry-
ing temperatures, respectively. 

Watcharasukarn et al. (2009) evaluated the effi-
ciency of pathogen removal by dry heat in dairy manure. 
Their results indicated that E. coli was the most heat 
susceptible of the three organisms tested (E. coli, E. fe-
calis, C. perfringes) and sterilization (defined as a 10 log 
reduction in viable cell count) times were found to be 5 
d, 40 min and 10 s at 37, 55 and 70°C, respectively.  

 Elving (2009) observed a 3 log reduction in the E. 
coli content of dairy manure after using dry heat for 60 
min at 70°C. The time needed for a 90% reduction in 
bacteria count was of 4.3, 1.5 and 0.5 h at 49, 52 and 
55°C respectively for Salmonellae.  

3.5. Manure pH 

The manure pH dropped from 8.4 to about 6.9 during 
drying as shown in Table 5. The drying temperature and 
drying depth did not seem to have any significant effects 
on the pH of the dried manure. The reduction in the pH 
with time was due to the loss of ammonium through the 
volatization process. Similar results were also reported by 
other researchers. Lopez-Mosquera et al. (2008) observed 
a drop in pH (from 8.5-7.9) when drying poultry manure 
for pelletizing as fertilizer. Dikinya and Mufwanzala 
(2010) reviewed the literature and noticed lower pH val-
ues for dried poultry manure compared to initial values. 
Sistani et al. (2001) investigated the change in broiler litter 
pH after air drying, hot air drying (65 and 105°C) and 
freeze drying of broiler litter and observed that hot air dry-
ing at 105°C resulted in a significant drop in manure pH. 
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3.6. Total Protein Content 

The results showed the total protein concentration 
of the dried manure was slightly lower than that of the 
raw manure (Table 5). Neither the temperature nore the 
depth of the manure layer appeared to have any signifi-
cant effect on the final protein content.  

Torto and Rhule (1997) reported a decrease in 
crude protein content (27-20 %) in poultry manure after 
both heated air drying (80°C) and solar drying. Gihad 
(1976) reported a final crude protein content of 22.06% 
after forced air drying (65°C) for the production of sheep 
feed. El-Deek et al. (2009) dried poultry manure at 80°C 
for the production of single cell protein and reported a 
final crude protein content of 19.10%. Obasa et al. 
(2009) sun dried poultry manure for use as fish feed and 
reported a final protein content of 28.6%. The protein con-
tents of the dried poultry manure obtained in the present 
study are higher than the values reported in the literature, 
probably due to the lower drying temperatures used.  

3.7. Amino Acids Profile 

The amino acids profiles were determined on both 
the fresh and dried manure samples. The profiles con-
sisted of 12 amino acids: alanine, glutamic, threonine, 
argninine, phenylalamine, valine, methionine, histidine, 
serine, leucine, lysine and cystine. The results are shown 
in Table 6. Are comparable to those reported by Vuori 
and Nasi (1977) and Cowieson et al. (2004) as shown in 
Table 7. In this study, 12 amino acids were analyzed in 
both the fresh and dried poultry manures. However, only 
8 amino acids were analyzed by Flachowsky (1997) and 
Blair and Herone (1982) for dried poultry manure and 9 
amino acids were analyzed by Zinn et al. (1996). 

Generally, the drying process reduced the concen-
tration of all amino acids in the poultry manure. De-
creasing the ambient temperature and/or increasing the 
manure depth increased the concentration of amino acids 
in the dried manure. The highest values of amino acids 
were observed at the lowest drying temperature and the 
highest manure depth while the lowest values of amino 
acids were observed at the highest drying temperature 
and the lowest manure depth. Olivera-Castillo et al. 

(2011) observed decreases in all amino acid contents at 
48 and 70°C drying temperatures for cowpea. Wall et 
al. (1976) studied the effect of temperature on the 
amino acid profile of corn dried at temperatures be-
tween 15 and 143°C and found the majority of amino 
acids decrease in concentrations.  

3.8. Nutritional Value of Dried Poultry Manure 

The nutritional requirements for dairy and beef 

cows are shown in Table 8. Table 9 displays a compar-

ison between the nutritional composition of the dried 

manure and commonly used forages in animal feeding. 

3.8.1. Energy 

Energy is defined as the ability or capacity to do 
work. Energy is essential for the maintenance of life 
processes including: cellular metabolism, growth, repro-
duction and physical activity. Animals derive energy 
through the catabolism of dietary carbohydrates, lipids 
and proteins within the body. The ability of a feed to 
supply energy is, therefore, of great importance in de-
termining its nutritional value to animals. The mean 
gross energy values for carbohydrates, lipids and pro-
teins have been estimated to be 17.2 kJ g

-1
 (4.1 kcal g

-1
), 

39.8 kJ g
-1
 (9.5 kcal g

-1
) and 23.4 kJ g

-1
 (5.6 kcal g

-1
), re-

spectively (NRC, 1984). Providing the optimum energy 
level in the diet is important for the healthy development of 
animals. Excess dietary energy may result in high fat depo-
sition, decreased feed intake and reduced weight gain, while 
a diet low in energy content may result in reduced weight 
gain as the animal utilize nutrients for energy provision 
rather than for the synthesis of new tissues and growth 
(Snow and Ghaly, 2007; NRC, 1984). The dried poultry 
manure had an energy content of 181.0 MJ/kg which meets 
the energy requirements of animals (32-37 MJ/kg). The 
energy content of the dried poultry manure compares well 
with those of blue grass (180 MJ/kg), birds food (180 
MJ/kg) and wheat pasture (187 MJ/kg) and exceeds the 
energy contents of alfalfa (157 MJ/kg), timothy grass (167 
MJ/kg) and orchard grass (170 MJ/kg). 

 
Table 6. Effect of drying on amino acids concentration in manure. 

  Amino Acids (% db) 
   ----------------------------------------------------------------------------------------------------------------------------------------------------- 
Drying Drying Total           
Temperature Depth Protein     Phenyl-  Meth      
(°C) (cm) (% db) Alanine Glutamic Threonine Argninine alamine Valine ionine Histidine Serine Leucine Lysine Cystine 
40 1 40.6 1.27 1.32 0.30 0.25 0.43 0.47 0.22 0.22 0.40 0.90 0.34 0.05 
 2 42.2 1.39 1.39 0.34 0.34 0.47 0.50 0.25 0.25 0.45 0.98 0.40 0.06 
 3 42.4 1.46 1.42 0.36 0.36 0.49 0.52 0.26 0.27 0.47 1.03 0.43 0.06 
50 1 39.4 1.25 1.31 0.27 0.23 0.41 0.46 0.20 0.20 0.39 0.87 0.32 0.03 
 2 41.5 1.36 1.37 0.31 0.32 0.46 0.49 0.23 0.23 0.42 0.96 0.38 0.04 
 3 41.6 1.44 1.39 0.33 0.33 0.48 0.50 0.25 0.26 0.43 0.99 0.41 0.05 
60 1 39.4 1.18 1.09 0.21 0.18 0.37 0.44 0.15 0.13 0.35 0.80 0.27 0.02 
 2 40.0 1.30 1.23 0.27 0.22 0.42 0.46 0.19 0.19 0.39 0.87 0.32 0.04 
 3 40.2 1.36 1.26 0.31 0.27 0.44 0.47 0.21 0.22 0.41 0.91 0.35 0.04 

Raw Manure  43.3 1.52 1.47 0.39 0.39 0.52 0.54 0.29 0.31 0.50 1.11 0.47 0.07 
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Table 7. Amino acid content in fresh and dried poultry wastes. 

     Amino Acids (% db) 
 ---------------------------------------------------------------------------------------------------------------------------------------------------------- 
     Phenyl- 
Poultry Wastes Alanine Glutamic Threonine Argninine alamine Valine Methionine Histidine Serine Leucine Lysine Cystine 

Fresh Wastes             
Broiler Littera 2.86 6.49 1.86 1.55 1.77 2.65 0.48 0.73 1.89 3.29 1.76 0.49 
Poultry Manureb 0.53 1.04 0.36 0.26 0.28 0.34 0.11 0.13 0.43 0.44 0.28 0.00 
Broiler Excretac 1.01 2.56 0.96 0.96 0.84 1.20  0.34 1.04 1.41 0.94  
Poultry Manured 1.52 1.47 0.39 0.39 0.52 0.54 0.29 0.31 0.50 1.11 0.47 0.07 

Dried Wastes            
Poultry Littere   0.90 0.40 0.70  1.00 0.20  1.20 1.00 0.00 
Layer Manuree   1.00 0.70 0.70  0.35 0.50  0.70 1.10 0.40 
Poultry Excretaf   0.33 0.42 0.33 0.48 0.13 0.12 0.35 0.60 0.34  
Layer Wasteg   0.30 0.61 0.95j 0.65 0.51i 0.23   0.61 0.51i 

Layer Wasteg   0.00 0.40 0.63j 0.52 0.78i 0.19   0.39 0.78i 

Poultry Manureh 1.36 1.96 0.31 0.27 0.44 0.47 0.21 0.22 0.41 0.91 0.35 0.04 

a- Broiler litter with peanut hull as bedding (Bhattacharya and Fontenot, 1965). 
b- Fresh poultry manure, 10 amino acids assessed (Vuori and Nasi, 1977). 
c- Fresh broiler excreta (Cowieson et al., 2004).  
d- Fresh manure in present study. 
e- Dried poultry manure, 8 amino acids assessed (Flachowsky, 1997). 
f- Dehydrated poultry excreta, 9 amino acids assessed (Zinn et al., 1996). 
g- Air and drum dried layer waste (Blair and Herron, 1982). 
h- Dried poultry manure in present study (60°C, 3 cm depth). 
i- Reported as combined methionine and cyctine. 
j- Reported as combined phenylalamine and tyrosine. 
 
Table 8. Nutritional requirements for cows. 

Item Dairy Cowa Beef Cowb 

Total digestible matter (g/kg) 220-230 
Total digestible energy (MJ/kg) 32.7-33.9 34.0 
Crude Fiber (g/kg) 120-340 
Crude Fat (g/kg) 10-136 
Crude protein (g/kg) 7.3-7.8 
Macroelements (g/kg) 
 Calcium 0.6-2.2 0.7-2.8 
 Chloride 1.3-2.9 - 
 Magnesium 1.3-2.0 1.0 
 Phosphorus 2.5-3.8 0.5-1.1 
 Potassium 5.1-10.7 6.5 
 Sodium 1.0-2.0 0.8 
Microelements (mg/kg) 
 Cobalt 0.10-0.11  0.1 
 Copper 10  8.0 
 Iodine 0.4-0.5  0.5 
 Iron 50 50.0 
 Manganese 13-40 40.0 
 Selenium 1.5-3.0  0.2 
 Sulphur 0.15-0.20  0.1 
 Zinc 21-55 30.0 

a: Combines nutritional requirements for maintenance and milk 
production for dairy cows (Ghaly et al., 2007). 

b: (NRC, 1984). 

3.8.2. Carbohydrates 

Carbohydrates constitute the third most abundant 

group of organic molecules in the animal body. They are 

produced by photosynthetic plants and contain carbon, 

hydrogen and oxygen in the ratio of 1:2:1. Carbohydrates 

include sugars, starches, cellulose and other related com-

pounds and serve as the principle source of metabolic en-

ergy in terrestrial farm animals (NRC, 1984). Carbohy-

drates are included in animal diets because they are an 

inexpensive source of dietary energy and increase the feed 

palatability. The dried poultry manure had carbohydrate 

and crude fiber contents of 330 and 65 g/kg, respectively 

which exceed the recommended dietary intake for animals 

(120-340 g/kg). However, the carbohydrate and fiber con-

tents of the dried poultry manure are lower than all those 

of the forage crops (180-310 g/kg). 

3.8.3. Crude Protein 

Proteins are high molecular weight organic com-
pounds essential to the structure and formation of all liv-
ing cells. They consist of amino acids joined by peptide 
bonds and are composed of 50-55% carbon, 15-18% ni-
trogen, 20-23% oxygen, 6-8% hydrogen and 0-4% sul-
phur. Protein is required in the diet to provide essential 
amino acids and nitrogen for the synthesis of non-essential 
amino acids and other nitrogen containing compounds 
(Snow and Ghaly, 2007; NRC, 1984). Protein is typically 
the largest and most expensive component of an animal 
diet. The dried poultry manure had a protein content of 
422 g/kg which exceeds the recommended dietary intake 
of animals (7.3-7.8 g/kg). It also exceeds the protein con-
tents of all the forage crops (110-200 g/kg). 

3.8.4. Crude Fat 

 Lipids (fats) are a heterogeneous group of organic 

compounds found in plant and animal tissues that are 

soluble in organic solvents such as benzene, chloroform 

and ether, but are only sparingly soluble in water.  
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Table 9. Comparison of ingredients of dried poultry manure to those of commonly used field forages in feeding of cattle in North 

America. 

     Field Forage Crop 
   --------------------------------------------------------------------------------------------------- 
  Dried Poultry  Timothy Blue Birds Orchard Wheat 
 Item Manure Alfalfa grass grass foot  grass pasture 
Dry matter (%)   24.0 26.0 36.0 36.0 24.0 21.0 
Energy (MJ/kg)  181.000 157.0 167.0 180.0 180.0 170.0 187.0 
Nutrients (g/kg) 
 Carbohydrates 330.000 340.0 360.0 400.0 360.0 340.0 380.0 
 Fiber 65.000 270.0 310.0 270.0 270.0 300.0 180.0 
 Protein 422.000 190.0 110.0 150.0 150.0 140.0 200.0 
 Fat 63.000  30.0  38.0  39.0  39.0  40.0  40.0 
Macroelements (g/kg) 
 Calcium 0.042 13.5 4.0 3.7 3.3 0.3 3.5 
 Chlorine 0.190 4.0 5.7 4.2 4.1 4.1 6.7 
 Magnesium 0.018 
 Phosphorus 0.010 2.7 2.8 3.0 3.0 3.0 3.6 
 Potassium 0.106 26.0 29.0 29.0 26.0 26.0 31.0 
 Sodium 0.043 
Mircoelements (mg/kg) 
 Boron 1.000 
 Cobalt 0.500 
 Copper 4.000 
 Iodine 0.500 
 Iron 4.000 
 Manganese 4.000 
 Selenium 0.114 
 Sulfur 200.000 2800 1500 1900 1900 2000 2200 
 Zinc 4.000 

 

Lipids are required for long-term storage of metabolic 
energy, to supply essential fatty acids and to carry fat 
soluble vitamins (NRC, 1984). Major classes of lipids 
include fatty acids, glycerol-derived lipids (including fats, 
oils and phospholipids) sphingosine-derived lipids 
(including ceramides, cerebrosides, gangliosides and 
sphingomye-lins, certain aromatic compounds, long chain 
alcohols and waxes. Fatty acids are long chain organic 
acids having the general formula CH3(CxHy)COOH. The 
hydrocarbon chain is either saturated (only single bonds 
between adjacent carbon atoms) or unsaturated (double 
bonds between some of the adjacent carbon atoms) and 
usually contains an even number of carbon atoms (C14 to 
C24) in a straight chain. In nature, fatty acids usually occur 
as triesters of glycerol and are called triacylglycerols or 
triglycerides. Fatty acids are a major source of metabolic 
energy for animal growth, reproduction and milk 
production (NRC, 1984). The crude fat content of dried 
poultry manure is 63 g/kg which meets the dietary 
requirements of animals (10-136 g/kg). It is also higher 
than that of all the forage crops (30-34 g/kg).  

3.8.5. Macroelements 

 Macroelements are required by the body in relatively 
large amounts (> 100 mg/kg dry diet) and include calcium 
(Ca), chlorine (Cl), magnesium (Mg), phosphorus (P), 
potassium (K) and sodium (Na). These elements function 
in cellular metabolism, have important roles in 
osmoregulation and acid-base balance and serve as 

structural components of tissues (Jobling, 2001). 

3.8.5.1. Calcium is an essential component of bone 
and cartilage and is necessary for the normal clotting of 
blood. Calcium is an activator for several enzymes 
including: pancreatic lipase, acid phosphatase, 
cholinesterase and succinic dehydrogenase. Calcium 
stimulates muscle contractions and regulates the 
transmission of nerve impulses. It also plays a key role in 
the regulation of cell membrane permeability and is 
essential for the adsorption of vitamin B12 from the 
gastro-intestinal tract (NRC, 1984). The calcium content 
(0.042 g/kg) of dried poultry manure is much lower than 
the dietary requirements of animals (0.6-2.8 g/kg). It is 
also much lower than all those in the forage crops 
(3.3-12.5 g/kg). Calcium deficient diets may cause rickets 
or osteomalacia, especially in dairy cows. Ground 
limestone can be used as a calcium supplement to increase 
calcium content of dried poultry manure used as a feed 
stuff (NRC, 1984). Also, citrus pulp can be used as a 
ruminant feed additive to increase the content of calcium 
in dried poultry manure (Arthington et al., 2002). 

3.8.5.2. Chorine is the main monovalent anion of the 
extracellular fluid of the animal body. It is essential for 
the regulation of osmotic pressure and acid-base 
equilibrium. Chlorine also plays a role in the transport of 
oxygen and carbon dioxide in the blood and in the 
maintenance of digestive juice pH (NRC, 1984; 
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Coppock, 1986). The chlorine content in dried poultry 
manure (0.019 g/kg) is much lower than the dietary 
requirements of animals (1.3-2.9 g/kg) and all those in 
the forage crops (4-6.7 g/kg). Deficiencies in salts may 
result in muscle cramps and licking problems. Sodium 
chloride addition is an efficient and inexpensive method 
to increase both the chlorine and sodium content in dried 
poultry manure used as animal feed (NRC, 1984). 

3.8.5.3. Magnesium has a number of biological 
functions. Like calcium, it is an essential component of 
bone and cartilage. Magnesium is an activator of several 
key enzyme systems including kinase and mutases, it 
stimulates muscle contractions and nerve impulses, is 
involved in the regulation of intracellular acid-base 
balance and plays an important role in carbohydrate, 
protein and lipid metabolism (NRC, 1984). The 
magnesium content of the dried poultry manure (0.018 
g/kg) is much lower than the dietary requirements of 
animals (0.13-0.20 g/kg). Magnesium deficiency in cattle 
may cause tetancy. Magnesium oxide can be used to 
increase the magnesium content of the dried poultry 
manure used as animal feed (NRC, 1984). 

3.8.5.4. Phosphorus  phosphorus has several biological 
functions. Like calcium and magnesium, phosphorus in as 
essential component of bone and cartilage. It is an 
essential component of phospholipids, nucleic acids and 
high energy phosphate esters (ATP, ADP, AMP). 
Inorganic phosphate also helps to regulate the acid-base 
balance of animal body fluids (NRC, 1984). The 
phosphorus content of the dried poultry manure (0.010 
g/kg) is much lower than the dietary requirements of 
animals (0.5-3.8 g/kg) and the phosphorus levels in all 
forage crops (2.7-3.6 g/kg). Phosphorus deficiencies may 
cause decreased growth rates and feed conversion as well as 
pica (NRC, 1984). Dicalcium phosphate of mustard cake oil 
can be used to increase the phosphorus content of dried 
poultry manure used as animal feed (Rahman et al., 2009). 

3.8.5.5. Potassium is the major cation of the 
intracellular fluid in the animal body. It is responsible for 
the regulation of intracellular osmotic pressure and 
acid-base equilibrium. It stimulates muscle contraction 
and is required for glycogen and protein synthesis and the 
metabolic breakdown of glucose (NRC, 1984). The 
potassium content of the dried poultry manure (0.106 
g/kg) is much lower than the dietary requirements of 
animals (5.1-10.7 g/kg) and the phosphorus content of all 
the forage crops (26-31 g/kg). Potassium deficiency may 
cause weight loss, weakness, tetany and paralysis (NRC, 
1984). Citrus pulp can be used as a ruminant feed additive 
to increase the content of potassium in dried poultry 
manure used as animal feed (Arthington et al., 2002). 

3.8.5.6. Sodium is the main monovalent cation of the 
extracellular fluids in the animal body. Its principal 
function is the regulation of osmotic pressure and the 
maintenance of acid-base equilibrium. Sodium also has an 
effect on muscle contraction and plays a role in the 
absorption of carbohydrates (NRC, 1984). The sodium 
content in dried poultry manure (0.043 g/kg) is much 
lower than the dietary requirements for animals (0.8-2.0 
g/kg). Deficiencies in salt may cause muscle cramping and 
licking in cattle. Sodium chloride can be used as an 
effective and inexpensive supplement for both sodium and 
chloride to increase the nutritional value of a dried poultry 
manure used as animal feed (NRC, 1984).  

3.8.6. Microelements 

 Microelements are required by the body in trace 
amounts (<100 mg/kg dry dies) and include boron (B), 
copper (Cu), iron (Fe), manganese (Mn), molybdenum 
(Mo), selenium (Se), zinc (Zn) and sulphur (S) (NRC, 
1984). Microelements are involved in the regulation of 
cellular metabolism and are required for proper growth 
and development. There are no reported values for the 
micronutrient content of common field forage crops. 

3.8.6.1. Cobalt  is an essential component of Vitamin 
B12 synthesis by ruminal bacteria and is thus involved in 
many enzyme systems of the digestive tract and liver. The 
cobalt content in dried poultry manure (0.5 mg/kg) is 
higher than the dietary requirements for animals (0.1-0.11 
mg/kg). Excess cobalt is not known to show toxic effects 
until consumption levels reach 300-1000 times the 
required levels (30 mg/kg) (NRC, 1984). 

3.8.6.2. Copper is an essential component of numerous 
oxidation-reduction systems. It is involved in iron 
metabolism, haemoglobin synthesis and red blood cell 
production and maintenance. Copper is also necessary 
for the formation of the pigment melanin, bone and 
connective tissue and for maintaining the integrity of the 
myelin sheath of nerve fibers. The copper content in 
dried poultry manure (4 mg/kg) is lower than the dietary 
requirement for animals (8-10 mg/kg). Low dietary 
copper levels can lead to lack of pigmentation, decreased 
tyrosinase production, myocardium fibrosis, thinning of 
bones, decreased collagen cross linking and increased 
fracture rate (NRC, 1984). Citrus pulp can be used as a 
ruminant feed additive to increase the content of copper 
in dried poultry manure used as animal feed 
(Arthington et al., 2002). 

3.8.6.3. Iodine is an essential component of numerous 

metabolic regulatory pathways through its incorporation in 

thyroid hormones. It is involved in thermoregulation, 

metabolism, reproduction, growth and development. The 
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iodine content of dried poultry manure (0.5 mg/kg) meets 

the dietary requirements of animals (0.4-0.5 mg/kg) 

(NRC, 1984).  

3.8.6.4. Iron  is an essential component of the 
respiratory pigments haemoglobin and myoglobin and is 
necessary for oxygen and electron transport within the 
body. It is also an essential component of several enzyme 
systems including cytochromes, catalases, peroxidases, 
oxidases and dehydrogenases. The iron content of dried 
poultry manure (4 mg/kg) is much lower than the dietary 
requirements of animals (50 mg/kg). Iron deficiency may 
result in reduced haemoglobin production, reduced packed 
cell volume, reduced saturation of transferring, 
listlessness, pale mucus membranes, reduced food 
consumption and decreased weight gain (NRC, 1984). 
Citrus pulp can be used as a ruminant feed additive to 
increase the content of iron in dried poultry manure used 
as animal feed (Arthington et al., 2002). 

3.8.6.5. Manganese is an activator of enzymes 
responsible for phosphate group transfer including 
phosphate transferases and phosphate dehydrogenases. 
Manganese is a component or a cofactor of several key 
enzyme systems and as such is essential for bone 
formation, the regeneration of red blood cells, 
carbohydrate and lipid metabolism and the reproductive 
cycle. The manganese content of dried poultry manure (4 
mg/kg) is lower than the dietary requirements of animals 
(13-40 mg/kg). Deficiencies in manganese may result in 
decreased reproductive abilities in cattle (NRC, 1984). 
Amino acid complexed manganese can be used as a 
additive to increase the manganese content of dried 
poultry manure used as animal feed (Nocek et al., 2006).  

3.8.6.6. Selenium is an essential component of the 

enzyme glutathione peroxidase and as such serves to protect 

cellular tissues and membranes against oxidative damage. It 

is involved in the synthesis of ubiquinone and as such is 

involved in cellular electron transport. It also influences the 

absorption and retention of vitamin E. The selenium content 

of dried poultry manure (0.114 mg/kg) is much lower than 

the dietary requirement of animals (1.5-3 mg/kg). Low 

selenium levels may result in white muscle disease (white 

muscle, heart failure and paralysis) and depression of 

glutathione peroxidase (NRC, 1984). Se-yeast may be used 

to increase the selenium content of dried poultry manure 

used as animal feed (Gressley, 2009). 

3.8.6.7. Sulphur is an essential component of the amino 
acids methionine and cysteine, the vitamins thiamine and 
biotin and the hormone insulin. It also plays a role in 
several key enzyme systems (NRC, 1984). The sulphur 
content of dried poultry manure (200 mg/kg) exceeds the 

dietary requirements of animals (0.1-0.2 mg/kg). 
However, the sulphur content of dried poultry manure is 
much lower than the sulphur content of all forage crops 
(1500-2800 mg/kg). Excess sulphur consumption may 
result in restlessness, diarrhoea, muscular twitching, 
shortness of breath and death (NRC, 1984). 

3.8.6.8. Zinc  serves as a component or cofactor of many 
important enzymes systems and thus plays an important 
role in carbohydrate, lipid and protein metabolism. It is 
also involved in the synthesis and metabolism of nucleic 
acids and plays a role in wound healing. The zinc content 
of dried poultry manure (4 mg/kg) was much lower than 
the dietary requirement of animals (21-30 mg/kg). Zinc 
deficiency may result in listlessness, swollen feet and 
dermatitis, vision impairment, excess salivation decreased 
rumen and improper wound healing (NRC, 1984). Citrus 
pulp can be used as a ruminant feed additive to increase 
the content of zinc in dried poultry manure used as animal 
feed (Arthington et al., 2002). 

3.9. Feeding of Poultry Manure 

Poultry manure has been the focus of feeding to 
ruminants due to the fact that it is high in nitrogen, which 
ruminants can utilize as an energy source (Fedler et al., 
1985). Raw poultry manure consists of 70% water and 
3.5% nitrogen (Nicholson et al., 1996). The ammonium 
fraction increases with storage, due to the decomposition 
of organic nitrogen and may be lost by volatilization.  

Boer (1981) indicated that the results of a series of 
digestibility experiments on dried poultry manure feeding 
to ruminants showed an average net energy content of 
about 6400 kJ/kg dried manure and an average protein 
content of about 300g/kg dried manure. Feeding 
experiments with young fattening bulls showed that the 
dried poultry manure can be used in fattening rations 
without altering significantly the daily grain, 
feed-conversion, carcass-quality, or taste and smell of meat. 

Thomas et al. (1972) reported that feeding caged 
layer waste to dairy cattle did not affect the composition or 
flavour of milk.  

Vezey and Dobbins (1975) conducted uncontrolled 
tests to determine the palatability of different mixtures 
consisting of different levels of ground corn, poultry floor 
litter, cage layer manure, dried molasses, water and 
lactobacillus acidophilius culture that were fed to Holstien 
steers. The results indicated that all mixtures appeared to 
be equally palatable. 

Torto and Rhule (1997) investigated the effect 

adding dried poultry manure to the diet of West African 

Dwarf goats. Six goats were placed on each of the four 

experimental diets which consisted of (a) 100% straw, (b) 

60% straw, 40% molasses, (c) 50% straw, 40% molasses, 
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10% dried poultry manure and (d) 40% straw, 40% 

molasses and 20% dried poultry manure. Goats placed on 

diet (c) and (d) were found to have the greatest weight 

gains through the study and greater feed efficiency than 

those on diet (a) and (b). 
Okeudo and Adegbola (1993) investigated the effect 

of replacing a traditional protein supplement (ground nut 
cake and wheat offal) with dried poultry manure at a rate 
of 0, 13, 25, 35 and 45% over a 104 day period in West 
African Dwarf goats. They observed no statistically 
significant differences in growth rates on any of the diets 
and concluded that dried poultry manure protein is used as 
efficiently as traditional protein supplements. 

Obeidat et al. (2011) evaluated the effect of adding 
broiler litter to the diet of Awassi lambs at a rate of 0, 100 
and 200 g/kg diet for 70 days. It was reported that no net 
difference in weight gain or dry matter intake was created 
by the three diets. Meat quality however increased due to a 
linear decrease of both subcutaneous and total fat with the 
addition of broiler litter to the lambs’ diet. Color 
evaluation indicated an increase in whiteness and a 
decrease in redness in the meat of the lambs fed broiler 
litter. There was no change in meat pH, shear force, water 
holding capacity, or cooking loss between the three diets. 

4. CONCLUSION 

Dried poultry manure contained sufficient levels of 

digestible energy, crude fiber, protein and fat, cobalt and 

iodine. Although dried poultry manure did not meet the 

dietary requirements for calcium, chloride, magnesium, 

phosphorus, potassium, sodium, copper, iron, manganese, 

selenium, sulphur or zinc it could be used as a feed stuff 

for ruminants after supplementation with the required 

nutrients. Heated air drying was most efficient at 60°C and 

at a depth of 3 cm. During drying poultry manure 

decreased in pH (8.4-6.9), protein content (43% to 

39-43%) and amino acid content. The greatest reductions 

in microbial population occurred at the highest drying 

temperature (60°C) and the lowest manure depth (1cm). 

Reductions in the number of bacteria, mold/ yeast and 

E.coli were 65-99, 74-99 and 99.97% respectively, 

Salmonellae was not detected in the dried product. Dried 

poultry manure was found to have a non-offensive odor. 

Odor intensity and offensiveness were reduced by 65 and 

69% respectively during drying. Thin layer heated air 

drying of poultry manure between 40 and 60°C created a 

safe and nutritionally appropriate feed for ruminants. 
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