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Abstract
Background and Objective: To sustain commercial egg production, innovative dietary inputs, their interaction with disease control agents
and effects on all aspects of the production system and bird health must be investigated. The objective of the current study was to
ascertain the effects of F-strain Mycoplasma gallisepticum (FMG) inoculation in conjunction with supplemented diets on excreta
characteristics and nutrient content as hens age. Materials and Methods: Commercial layer diets were supplemented with phytase and
25-hydroxycholecalciferol to determine the effects on excreta from 39-55 week of age for hens that were inoculated (or sham inoculated)
with FMG at 12 week (prelay) or at 22 week (onset of laying cycle). Basal vs. supplemented diets, type of inoculation (FMG vs. sham) and
age of inoculation were compared. In two trials, layer excreta were collected at 39, 43, 47, 51 and 55 week of age where moisture content,
pH, N, C, Ca, K, Mg, Na, P, Cu, Fe, Mn and Zn concentrations were determined. Statistical assessments were performed using a mixed linear
model to accommodate both the fixed- and random-effects parameters. Results: Fecal moisture, pH, total N, or total C were not affected
by diet, inoculation age, or inoculation type. The results showed that fecal moisture content decreased (83-79%) while total N (35.8 to
54.6 g kgG1), total C (317-339 g kgG1), K (22.8-27.1 mg kgG1) and Zn (552-794 mg kgG1) generally increased with hen age. Conclusion: Of
the studied parameters, only hen age affected these excreta characteristics. Integrators need not be concerned that phytase/25-
hydroxycholecalciferol supplemented diets or FMG inoculation will incur manure handling changes relative to nutrient or mineral content.
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INTRODUCTION 

Mycoplasma gallisepticum (MG) is a significant avian
bacterial pathogen causing severe production and economic
losses to the poultry industry worldwide. Specifically, these
impacts are reduced egg production, hatchability, poor feed
conversion, carcass condemnation  and  reduced  weight
gain1. Evans et al.1 covered the  salient  characteristics  of  this
chronic respiratory disease in chickens and infectious sinusitis
in turkeys. Means of MG control are currently limited to
biosecurity and using live attenuated vaccines (LAVs) which
are licensed for use in commercial egg layer flocks.
Commercially available LAVS vary in the protection afforded
and level of virulence associated with the LAV. The F strain of
MG (FMG) is a popular LAV which is of low to moderate
virulence but can protect against losses associated with MG
field strain infections2. However, FMG can also negatively
impact FMG-infected avian hosts although means responsible
for these losses are not fully understood. Though FMG aids in
minimizing production losses compared to the wild-type
strains, researchers strive to elucidate the causes of reduced
egg production and any interaction with production
parameters. Unlike FMG, apathogenic strains of MG used in
vaccines do not result in reduced egg production but have not
been proven to displace the more virulent, wild-type
infections3. 

Most of the available  literature  surrounding  MG and
layer manure focuses on MG-related transmissibility,
survivability, biosecurity, hygiene and the proximity of
backyard flocks to commercial facilities4-7. Here the focus was
on fecal characteristics with supplemented diets in
conjunction with FMG vaccination. Relative to the poultry diet,
the phosphorus (P) in yellow dent corn is primarily phytate
bound; phytase (PHY) enzyme added to poultry diets increases
the digestibility of phytate bound P and can reduce needed
inorganic P inputs8. In broiler chickens, Edwards et al.9 found
that 25-hydroxycholecalciferol (25-D3) produced maximum
bone ash with two-thirds the input of dietary Ca. Further,
when phytase (PHY) was present, broilers had greater Ca
retention and greater body weight10. Again, for broiler
chickens, relative to PHY inclusion in diets, the literature11

demonstrated improved performance, especially at higher
rates (>500 FTU kgG1) and that inclusion  is  common.  For
these reasons, Peebles et al.2,12,13  examined the effects of a
PHY  and  25-D3  supplemented  diet in combination with
FMG inoculations  given  before  onset  of  lay  (12 week) and
at  onset  of  lay   (22   week)   on   mortality,   body   weight
and blood parameters2; digestive and reproductive organ
characteristics12 and the performance characteristics13 of
commercial layer chickens.

Briefly, the major findings of those companion
studies2,12,13 include the following. Peebles et al.2 noted
decreased blood hematocrit values for the PHY, 25-D3
supplemented diet (across hen  age,  inoculation  type  and
age  of  inoculation)  along   with   a  decreased  body weight
in sham-inoculated birds (across bird age and age of
inoculation). However, FMG inoculation alleviated that
decrease in body weight. Also, total plasma protein at 34 week
of   age   was   greater   for  hens  inoculated  at  onset  of lay
(22 week) vs prelay (12 week). In the second companion
report, Peebles et al.12 discussed digestive and reproductive
organ characteristics of hens at 58 week of age and found that
the overall timing of inoculation affected the reproductive
organs of the bird but FMG inoculation specifically affected
digestive organs. Without consideration of inoculation type or
age at inoculation, the supplemented diet affected both the
reproductive and digestive organs (percentage infundibulum
length and isthmus weight increased but duodenum length
decreased). In the final companion article, Peebles et al.13

reported the performance characteristics of layers and showed
no treatment effects of any kind on total egg production, egg
weight, or any internal egg or eggshell characteristics. 

The objective of this investigation was to determine the
fecal characteristics (moisture content and pH), nutrient
content (total N and total C) and mineral composition (Ca, K,
Mg, Na, P, Cu, Fe, Mn and Zn) of excreta from commercial
layers from 39-55 week of age for hens that were inoculated
with F-strain Mycoplasma  gallisepticum  (or sham inoculated)
at 12 week of age (prelay) or at 22 week of  age (onset of
laying cycle), while comparing a basal diet to a diet
supplemented with PHY and 25-D3.  The  aim  was  achieved
through analysis of more than 200 manure samples for the
above given 13 parameters. The expanse of the data lends
itself for comparison to broiler litter characterization,
providing a resource for animal agriculture, production system
modeling and national inventories. 

MATERIALS AND METHODS

Bird management: An approved USDA Animal Care and Use
protocol was used in all trials. In the pullet stage prior to the
onset of treatments, Hy-Line W-36 chickens were vaccinated,
reared on basal starter and grower diets2 and tested for
Mycoplasma gallisepticum and Mycoplasma synoviae. The
specificity of these tests, materials and procedures have been
fully described by Peebles et al.2 No medications were given
during any of the trials and all diets were created to meet or
surpass NRC14 requirements. 

210



Int. J. Poult. Sci., 20 (5): 209-214, 2021

In each of two trials, birds (n =240) were individually and
randomly placed into cages in a commercial layer facility,
divided  into   isolated   ends   for   sham-inoculated   control
(n = 120) and FMG-inoculated birds (n = 120). Birds were
sham-inoculated or inoculated at 12 or 22 week  of  age in
each end of the facility. Birds that were inoculated for FMG at
22 week of age remained in the control end until that time.
The experimental diets, a basal diet or the basal diet
supplemented with PHY (0.025%; 600 FTU phytase units kgG1

of diet; BASF, Corp., Florham Park, NJ) and 25-D3 (diluted
premix, 0.025%; pure crystalline, 34.5 ug kgG1 of diet; Hoffman-
La Roche Inc., Parsippany, NJ), began at 20 week of age and
continued through 58 week of age. There were three
replicates for each treatment combination (diet and age of
inoculation) where each replicate was comprised of 10
individually   caged   birds.   Dietary  formulations, particulars
of housing and inoculation methods were provided by
Peebles et al.2

Data collection: At 39, 43, 47, 51 and 55 week of age, fecal
samples were collected by placing 0.61×0.91 m stainless steel
trays under the middle portion of the cages belonging to each
replicate group. Trays were placed on Monday of each
sampling age and the collection period was 48 hours. Upon
collection, fecal samples were scraped off each collection tray
into an aluminum pan for obtaining total wet weight. Pans
were placed in pre-labeled plastic bags and frozen at -20EC
until analysis. Samples were thawed overnight before
moisture content was determined by loss in weight after oven
drying manure (85EC for 96 h); pH was found using a
deionized H2O-to-manure ratio of 5:1. Total N and C were
ascertained via combustion analysis (Max CN analyzer,
Elementar Americas, Inc., Mt. Laurel, NJ, U.S.). 

In trial 1 only and for each replication and sampling date,
the manure mineral content (Ca, K, Mg, Na, P, Cu, Fe, Mn and
Zn)  was  determined  via  inductively  coupled plasma (ICP) by

first dry ashing a 1 g fine-ground sample in a ceramic crucible
at 500 C for 4 h. Dissolution of the ash followed in 1 mL of 6 M
HCl for 1 h. A second dissolution for an additional hour was
processed in 40 mL of 0.125 M H2SO4 and 0.05 M HCl double
acid solution. The solution within the crucible was filtered
through Whatman no. 2 paper. The filtrate was then analyzed
by ICP for mineral content. 

Statistical  analysis:  A  randomized  complete  block
experimental design was utilized with trial as block. Data was
pooled from the two trials and analyzed together except for
mineral content that was only measured in trial 1. The
treatment structure was a split-plot where the whole-plot
factor was inoculation type and the sub-plot factors were diet
and age of inoculation. Fecal moisture content, pH, total N,
total C, Ca, K, Mg, Na, P, Cu, Fe, Mn and Zn at four-week
intervals for 39-55 week of age were analyzed as repeated
measures because the same experimental units were used for
each observation. Trial was a random effect and diet-basal vs.
basal supplemented with PHY and 25-D3; inoculation age-12
vs. 22 week and inoculation type-sham vs. FMG treatments
were fixed effects. The MIXED procedure of SAS15 was used to
conduct the analyses of the main and interactive effects of the
treatments with significant differences based on p#0.05.

RESULTS AND DISCUSSION

Table 1 shows the fecal moisture content, pH, total N and
total C at 39, 43, 47, 51 and 55 weeks of age. The studied
factors (PHY and 25-D3 supplemented vs. basal diet), age of
inoculation (12 or 22 week) and type of inoculation (sham vs.
FMG) had no significant main or interactive effects on the fecal
characteristics and nutrient contents examined. Only hen age
affected the measured parameters. Fecal moisture content
overall decreased with age. Similar moisture contents among
all  the  samples  at  39,  43  and  47  week  were 83.3, 82.3 and

Table 1: Layer excreta moisture content, pH, total N and total C concentrations at 39, 43, 47, 51 and 55 weeks of age for birds inoculated or sham inoculated with F-strain
Mycoplasma gallisepticum

Hen age (week)
-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
39 43 47 51 55

Moisture (%) 83.3a* 82.3a 82.8a 80.8b 79.0b

(0.598)** (0.598) (0.598) (0.613) (0.603)
pH 6.92ab 6.90ab 6.81b 6.90ab 6.99a

(0.057) (0.074) (0.057) (0.058) (0.057)
N (g kgG1) 36.5c 35.8c 38.3c 43.8b 54.6a

(1.69) (1.69) (1.69) (1.75) (1.71)
C (g kgG1) 323ab 317b 339a 335a 334a

(5.89) (5.89) (5.89) (6.10) (5.96)
*Letters a-c denote significant differences within each row based on p#0.05. **Numbers in parenthesis below each mean represent standard error. Nutrient
concentrations are on dry weight basis
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Table 2: Mineral content of layer excreta at 39, 43, 47, 51 and 55 weeks of age for birds inoculated or sham inoculated with F-strain Mycoplasma gallisepticum
Hen age (week)
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------
39 43 47 51 55

Ca (g kgG1) 54.4 69.0 55.5 49.9 57.7
 (3.21)** (3.11) (3.11) (3.30) (3.21)

K (g kgG1) 24.8bc 22.8c 25.5ab 27.1a 26.3a

(0.77) (0.77) (0.77) (0.81) (0.79)
Mg (g kgG1) 5.88 5.46 5.67 6.58 6.55

 (0.097) (0.097) (0.097) (0.103) (0.100)
Na (g kgG1) 5.74 5.44 5.72 8.07 7.66

 (0.20) (0.20) (0.20) (0.21) (0.20)
P (g kgG1) 24.1 23.3 23.7 23.5 22.3

 (0.44) (0.44) (0.44) (0.47) (0.46)
Cu (mg kgG1) 26.7c 28.7bc 33.5a 30.1b 29.9b

 (0.98) (0.98) (0.98) (1.04) (1.01)
Fe (mg kgG1) 1128 1312 1178 1083 1173

 (22.1) (22.1) (22.1) (23.4) (22.7)
Mn (mg kgG1) 305 353 341 274 282

 (4.70) (4.70) (4.70) (4.98) (4.84)
Zn (mg kgG1) 552b 711a 713a 740a 794a

(32.7) (32.7) (32.7) (32.7) (32.8)
*Letters a-c denote significant differences within each row based on p#0.05. **Numbers in parenthesis below each mean represent standard error. Mineral
concentrations are on dry weight basis

 
82.8% respectively. At 51 and 55 week, moisture content was
lower than the previous measurements being 80.8 and 79.0%
but was not significantly different from each other. Manure pH
was least at 47 week (6.81) and greatest at 55 week (6.99) and
was similar among the remaining samples at the other
measurement dates. Total N in the fecal samples increased
overall with hen age. The samples were similar at 39, 43 and
47 week of age, having values of 36.5, 35.8 and 38.3 g kgG1 N.
Values increased to 43.8 g kgG1 N at 51 week and further
increased to 54.6 g kgG1 N at 55 week of age. The results for
total C in the manure trended higher for the later 3 sampling
ages. At 47, 51 and 55 week, total C did not appear different
among the  samples  and  ranged  from  334-339  g  kgG1.  At
43 week, total C was the lowest at 317 g kgG1 but was not
different from the previous time of sampling at 39 week, when
total C was 323 g  kgG1  (Table  1).  Also,  total  C  at  39 week
was not statistically different among the samples at 47, 51  and
55 week of age. 
Mineral contents of the  layer  excreta  is  reported  in

Table 2 for hens  at  39,  43,  47,  51  and  55  week  of  age.
There was a  diet  by  hen  age  interaction  for  Ca  (p  =  0.003),
Mg   (p   =   0.0266),  Na (p = 0.0002), P  (p  =  0.0029)  and  Fe
(p = 0.0227). For Mn, there was a diet by inoculation type
interaction (p = 0.0116). Because of these interactions and that
only one trial measured the mineral contents of the layer
manure, further discussion of these minerals is presented
within the various concentration ranges. The range of each
concentration   (±standard  deviation)  in  the  manure was:
Ca (57.3±7.1 g kgG1); Mg (6±0.5 g kgG1); Na (6.5±1.2 g kgG1);
P  (23.4±0.7  g  kgG1); Fe (1223±136 mg kgG1) and Mn

(311±35 mg kgG1). For K, Cu and Zn, hen age as a main effect
was noted but the trends were not consistent. Over the entire
measurement period, the range of K was 25.3±1.6 g kgG1. At
51 and 55 week of age, K content of the manure was the
highest, which was  followed  by  that at 47 week. However,
the concentration of K at 39 week was not different from 47
week. The lowest concentration of K was discovered at 43
week (22.8 g kgG1) but the value was not statistically different
from the previous value at 39 week. The excretion of Cu
exhibited a peak at the middle age of 47 week but was lower
at the prior two sampling dates (39 and 43 week). A mid-range
excretion level was exhibited during the last two sampling
dates (51 and 55 week). The overall range for Cu in layer
excreta was 29.8±2.5 mg kgG1. Finally, the trend for Zn in the
manure samples was again different, where the lowest value
(552 mg kgG1) was observed at 39 week. Zn levels in the
remaining samples increased as hens aged and were in the
range of 711-794 mg kgG1. The overall average Zn in layer
excreta was 702±90 mg kgG1. 
The above data shows significant changes in excreta

characteristics    and   nutrient   content  as  hens  age. Layer
hen manure found  in  the  literature  was  presented as
characteristics  and  quantity  removed  from the houses.
Chastain   et   al.16  reported  two  management  scenarios:
high-rise deep-pit (HRDP) stored  on  an  unpaved  surface
with duration of storage  not  reported and under cage
scraped (UCS) stored on a paved surface that removed manure
every  two days. The  HRDP  had  moisture  content  (47%) and
when converted to consistent units, total  N (17 g  kgG1),  Ca
(38 g  kgG1),  Mg  (2.9   g   kgG1), Na (1.7 g kgG1), Cu (29 mg kgG1)
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and Zn (175 mg kgG1)16. The  UCS had moisture content (65%),
total N (14 g kgG1), Ca (21 g kgG1), Mg (2.8 g kgG1), Na  (1.4  g 
kgG1),  Cu  (17  mg  kgG1)  and Zn (155 mg kgG1)16. Both the
HRDP and the UCS reported approximately half of the total N
and lower mineral content as compared to the current study.
This may be due to different dietary inputs and the means by
which the elements were analyzed (i.e. dry vs wet weight
basis), both of which are unknown. 
Manure is excreted as moist but dries out over time. The

HRDP16 had the least moisture content at 47%, which may be
due to the duration of storage and storage on an unpaved
surface. By comparison, Lorimor and Xin17 reported 41%
manure moisture for high-rise layer manure collected monthly
for a year but that scraper systems in Iowa had lower moisture
(29.8%). In contrast, the UCS16 that had 65% moisture content
was stored on a paved ally and scraped every two days, which
is the same as the 48 h collection period (in the present study).
However, the UCS had roughly 15% less moisture content in
the manure than the moisture observed in the present study.
That may be due to sampling and excess moisture runoff on
the ally surface, whereas, the current study captured the
entirety of the manure and moisture content on pans for the
48 h collection period. Lower fecal moisture is important for
lowering ammonia volatilization18 and to control fly and odor
in commercial facilities. The current study demonstrated a
decrease in fecal moisture as the hens aged but the manure
handling facility would be of paramount importance. A good
review of dietary factors that do increase fecal moisture was
reported by Francesch and Brufau19 for the interested reader.
Because of the vast differences between the production

systems of layers and broiler chickens, the global concerns are
to manage resources effectively. There is a need to develop
accurate production models, making it interesting to compare
the    excreta    characteristics    between    the    two     systems.
Miles et al.20 reported the mineral composition of litter in U.S.
commercial broiler houses. It was found that 23.7±8.6 g kgG1

Ca existed in broiler litter, which is approximately half of the
Ca reported in the present study for layer hens. It was due to
the importance of Ca in egg quality and production. Broilers
produced more K (35.4±9.1 g kgG1), Mg (8.1±2.4 g kgG1), Na
(10.9±3.3 g kgG1), Cu (730±360 mg kgG1) and Mn (730±216
mg kgG1) but less P (16.6±4.6 g kgG1) and Zn (550±150 mg
kgG1) in their excreta than layers. However, Fe (1120±560 mg
kgG1) concentrations in  broiler  and  layer  excreta  were 
similar. The basis for these differences lie in the dietary needs
of broilers in reaching maturity within a few weeks compared
to the long-term maintenance requirements of layers in the
production facility, which is approximately 10 times longer. 

The FMG vaccination during the pullet period have
variable effects on layer performance. Branton et al.21 observed
that a 10 week inoculation had no effect on reproductive
performance and egg production of hens but Peebles et al.22

reported that an FMG inoculation at 12 week of age
significantly reduced  egg  production  between  18-26 week
of age. Peebles et al.22 also reported that 1.5% supplemental
dietary poultry fat alleviated reductions in early egg
production due to an FMG inoculation at 12 week of age.
These results indicated the potential benefits of dietary
intervention strategies to control negative effects of FMG
inoculation given during the pullet period. 
More recently, Peebles et al.2,12,13 conducted the  studies

in which the same protocol and birds were used, and it was
reported that there were no significant differences among the
inoculation age, inoculation type, or dietary treatments for
mortality, reproductive organ histopathological lesion scores,
serum cholesterol and Ca concentrations. Peebles et al.13

reported that the diet supplemented with PHY and 25-D3 did
not affect layer performance or interact with FMG inoculation
and FMG did not have an overall effect on total egg
production. Similarly, a recent Brazilian study found little effect
on egg quality whether a double (at 8 and 12 weeks) or single
(at 8 weeks) ocular FMG vaccination was administered23.

CONCLUSION

Hen age is not considered as the factor for mineral
excretion of Ca, Mg, Na, P, Fe, and Mn because of significant
interactions with the experimental treatments. Further studies
would be required to resolve significant changes in excreta
concentrations of minerals. Although trends were not entirely
consistent, in general, the highest concentrations of K, Cu and
Zn occurred for the older hens at 47, 51 and 55 week of age.
Fecal moisture generally decreased with age while total N and
total C increased. The lack of effect of the primary treatment
factors suggests that layer hens were not negatively impacted
by the imposed dietary or FMG inoculation treatments. 

SIGNIFICANCE STATEMENT

This study discovered the effect of hen age on manure
characteristics that can be beneficial for flock management
and waste  handling.  Moreover,  it provided a data resource
for  national  manure   inventories.   The   study   will   help   the
researcher to uncover the critical areas of excreta changes
relative  to  PHY  and  25-D3  supplemented  diets   with  FMG
inoculation that many researchers were not able to explore.
Thus, a new theory on layer MG, dietary and manure
management may be arrived at.
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