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SEASONAL AEROSOL CONCENTRATIONS IN TURKEY GROWER BARNS 

K.A. Janni; Agricultural Engineering Department
 
P.T. Redig; Department of Veterinary Biology
 

J. Newman; Department of Veterinary Pathobiology
 
University of Minnesota
 

Introduction 

Aerosols and noxious gases in the air of confinement turkey barns are a 
concern to producers because of their part in airsacculitis. It has been 
estimated that Minnesota turkey producers lose over $3 million annually due 
to airsacculitis (Poss, 1983). The establishment of exposure limits and 
control methods for maintaining aerosols and noxious gases at levels of 
lower incidence would facilitate a sizable reduction of these losses. 

This report will discuss aerosol characteristics, factors and forces that 
affect their control, their effect on the respiratory tract, and the 
results of field monitoring in commercial confinement turkey grower barns. 

Background 

An aerosol, for the purpose of this discussion, is a dispersion of 
microscopic solid and liquid particles suspended in the air. It includes 
airborne dust, microorganisms, spores, feed, bits of feathers, dead skin 
cells, dried feces and water droplets. This extensive list indicates the 
variety of types and sources of naturally occurring aerosols in confinement 
turkey barns. 

Aerosol particles range in size from .0001 to over 100 microns. The 
smallest grains of flour that a person can see under normal conditions are 
between 50 - 100 microns. Most bacteria and molds are between 1 and 2 
microns in size. Particle size is important because it predicts how a 
particle will behave in air. Particles greater than 30 microns tend to 
settle out of the air in minutes and accumulate on surfaces. Particles 
between 1 and 20 microns tend to follow the motion of moving air, staying 
suspended for long periods of time. Particles less than 0.1 micron behave 
similar to molecules and do not settle out of moving air. 

The respirable aerosols that can penetrate deep into a turkey's respiratory 
tract (1.2 - 2.5 microns), are a major concern because they can be 
retained there. Smaller particles tend to be exhaled again, while larger 
ones tend to be removed in the upper respiratory tree. 

There are several other important characteristics of aerosols other than 
size which are important. Aerosol density is important because, along with 
size, it has a major influence on the settling rate of a particle. 
Particle shape is significant. Liquid particles are usually spherical. 
Solid particles can have very complex, irregular shapes; they may be 
spherical, oblong, or fibrous. 

The interaction between aerosols and the components in the air can be very 
important. Odorous and noxious gases can adhere to the surface of aerosols 
and increase their concentration several fold above that normally found in 
the air. Aerosols interact with the moisture in the air. 
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Liquid aerosols can dry and decrease in size if the relative humidity is 
low, or increase if high. The effect of moisture in the air on solid 
aerosols has not yet been determined. Several studies have shown that 
airborne bacteria have a very high mortality rate in air with a relative 
humidity of 50 percent (Dunklin and Puck, 1948; Jacobson, 1974). 

Naturally occurring aerosols have particles over a range of sizes. The 
size distribution of an aerosol shows the relationship between the number 
of small particles to the number of large particles. This information is 
useful for determining the level of health hazard presented by an aerosol, 
and for selecting the most effective method of control. 

Two other characteristics of aerosols that influence the extent of the 
health hazard are; 1) the concentration, and 2) the duration of the 
different concentrations. 

Airsacculitis may be the result of exposure to high concentrations of 
aerosols for short periods of time, or from long term exposure to 
relatively low concentrations. Threshold limits for people exposed to 
chemical substances are based on both criteria (ACGIH, 1981). 

There are several forces that act on aerosols and can be used to effect 
some control. Gravity is one such force. Gravity is the force that causes 
large heavy particles to settle out of the air. Spraying water into the 
air uses gravity to reduce the aerosol concentration. Particles adhere to 
the relatively large water droplets and settle out of the air. Moisture 
also causes particles to adhere to one another in large clumps that cannot 
become airborne. 

Air movement produces another force which acts on aerosols. Technically, 
it is called 'drag'. Drag causes airborne particles to be carried along 
with the air. If the drag on a particle is greater than gravity, the 
particle will not settle out. Aerosol concentrations could be reduced by 
ventilating a building at a rate sufficient to remove the aerosols with the 
exhausting air. However, ventilation rate changes should not be made 
without considering the effect on supplementary heat needs and the relative 
humidity levels desired within a building. 

Aerosols react to electrostatic forces as well. Electrostatic forces 
produce "static cling". The principle is used in negative ionization 
systems that have been used for aerosol control, (Enos, et. al. 1981). We 
have found, however, that ionization increased the retention of particles 
in the respiratory tract (Table 1). 

Other forces include, adhesive, thermal and Brownian motion. Adhesive 
forces determine the ability of a particle to stick to surfaces and other 
particles. Aerosols with strong adhesive forces tend to stick together, 
growing into larger particles that settle out quickly. They also tend to 
remain attached to surfaces, and do not become re-entrained in the air 
easily. Thermal forces require extremely high temperatures to be usable. 
Brownian motion is important for particles less than 0.1 micron and where 
the air space is very small, as in the respiratory tract. 
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The effects of inhaled aerosols on the respiratory tract are numerous and 
may include: 1) interference with mucous production and destruction of the 
ciliated epithelium of the trachea as occurs with elevated concentrations 
of ammonia, 2) binding, replication, and invasion of epithelial tissues as 
seen with certain bacterial infections, 3) germination and invasion of 
tissues as occurs with Aspergillus organisms, 4) phagocytosis by pulmonary 
macrophages as occurs with most pathogens and inert particles, and 5) 
elicitation of allergic responses which probably occurs from inhalation of 
many of the proteinaceous components of barn dust, (Anderson, 1968). Since 
airsacculitis lesions containing purulent exudates often are sterile when 
cultured, there is a possibility that many of the airsacculitis problems 
seen with confinement turkeys are nothing more than an irritant reaction to 
noxious foreign materials, (Wilson, 1982). 

Development of an effective aerosol control procedure or system will 
require an understanding of aerosols found in confinement turkey buildings, 
and forc~s acting upon them. Baseline "normal" aerosol concentrations need 
to be determined. Information on the interaction between aerosol 
concentrations and bird age, temperature, relative humidity, ventilation 
management and other field data is needed. An aerosol control system must 
fit into the production schedule, ventilation system and management of 
commercial turkey barns to be viable. 

Field Monitoring 

A HIAC/ROYCO airborne particle counter (sam,ler model 4100 and sensor model 
1200) was used to measure respirable particle concentrations during the 
past winter and summer. 

The unit was placed in commercial turkey grower barns located in west 
central Minnesota. The barns usually held 5,000 birds. Air samples taken 
from approximately turkey-head height were fed into the sensor through 
tygon tubing. 

The winter sampling procedure was to count the number of particles in the 
air flowing through the sensor for five minutes, four times per hour. 
Three grower barns were sampled on separate days; once a week for 
approximately 24 hours. 

The summer concentrations were measured in one grower barn. Again, five 
minute samples were taken four times an hour for approximately 24 hours. 
The measurements were made once a week on varying days as part of an 
extensive monitoring schedule. 

The counter had six channel settings corresponding to particle sizes. The 
channels were set to count the number of particles between 0.5 - 1.2, 1.2 
2.5, 2.5 - 3.5, 3.5 - 5, 5 - 10 and greater than 10 microns. The 
concentration of particles per cubic foot was calculated using the number 
of particles counter, sampling air flow rate and the sampling time. 
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In addition to quantifying the aerosol load in these facilities, we have 
attempted to determine the physical, organic, and chemical content of these 
aerosols. All-glass impingers, Anderson samplers and settle plates were 
used to determine the number of bacteria, yeast and Aspergillus organisms 
suspended in the air, as well as the total mass of material in the 
respirable size range. Other equipment was employed to measure the 
concentrations of gases such as ammonia, methane, carbon dioxide, carbon 
monoxide, nitrogen dioxide, and hydrogen sulfide. Samples of litter and 
feed are being quantitatively analyzed for their content of Aspergillus 
organisms. All of these parameters will be correlated with age, density, 
and activity levels of the turkeys, ventilation rates, indoor and outdoor 
temperature and humidity, and general weather conditions. 

Results 

Table 2 lists the winter daily average particle concentrations for each 
channel over a four week period for one of the barns monitored. The data 
shows that the concentration of each channel increased with the bird age. 
Sadiq (1970) found an increase in airborne microbial contamination in 
confinement turkey facilities until six weeks of age, after which a gradual 
decline was seen. Table 2 also shows that the number of particles between 
1.2 - 2.5 microns was consistently the greatest. This was significant 
because particles in this size range are believed to penetrate deeply into 
the respiratory system and be retained. Similar results were seen in some 
of the summer data (Table 3) for five to nine week old hens. 

Table 4 gives the average concentrations using all of the winter and summer 
data collected as of August 15th. The winter data includes eleven days of 
data from three different grower barns. The toms ranged in age from 12 to 
18 weeks in January and February. The summer data includes six days of 
data from a single barn with hens ranging in age from 5 to 14 weeks in 
June, July and August. 

The results demonstrate that the winter and summer data had similar 
particle size distributions. The concentration of particles between 1.2 
2.5 microns was the greatest. The data also indicates that the summer 
concentrations were significantly lower than the winter concentrations. It 
must be noted that season may not be the only cause of this difference. 
Bird age and sex was different in both sets of data. The winter 
concentrations were measured in barns with older toms. The summer 
concentrations were measured in barns with younger hens. The effect of 
bird age has already been presented in Tables 2 and 3. 

The data in Table 4 does show that the number of larger particles was 
greater in the summer. The number of particles greater than 5 microns 
(Channels 5 and 6) was smaller in the winter. The reason for the 
difference has not been determined. Aerosols brought in with the 
ventilation air and increased air velocities within the building due to 
ventilation fans and wind, may partially account for the difference. 
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Hourly aerosol concentrations for winter and summer for the first four 
channels are presented in Figures 1 - 4. The values presented are the 
hourly averages, using all of the winter and summer data. The figures show 
the differences in concentration between summer and winter, previously seen 
in Table 4. They also show significant increases in concentrations in the 
morning and evening. Midday and night time concentrations were lower. The 
peak concentrations are closer together in the winter, as compared to the 
summer. The time difference appears to correspond with sunrise and sunset. 

Jacobson (1974) found particulate concentrations in turkey facilities to 
increase with bird activity. It should be noted that these figures are 
averages. Individual days had significantly different hourly concentration 
patterns. This fact indicates that factors other than time of day can 
change the hourly aerosol concentration. 

The measuring of the other parameters was a new thrust and the results are 
incomplete and reflect only a part of the entire picture. 

The results of sampling for gases and viable organisms in a grower barn 
during the summer months has revealed very low levels of the compounds 
being measured. With the exception of ammonia, all of the other gases 
(methane, carbon dioxide, carbon monoxide, nitrogen dioxide and hydrogen 
sulfide), have been below detectable levels. Ammonia has been present in 
the range of from 5 to 22 ppm with a trend toward increasing levels as the 
flock approached market age, irrespective of the fact that the barn was 
"wide open" for the entire summer. However, when compared with results 
obtained from winter sampling, the summer conditions appear much more 
favorable for the health and well-being of the respiratory system. Peak 
winter ammonia concentrations regularly exceeded 50 ppm, and on a few 
occasions, were over 100 ppm. The occupational standards for ammonia are 
set at 25 - 50 ppm for an 8 hour exposure period. 

The measurement of total and respirable dust in the summer has shown that 
while the total amount of dust per cubic meter of air has stayed roughly 
the same, the amount of dust in the respirable size range has increased as 
the flock gets older. The content of Aspergillus organisms in the air was 
found to be low and constant in both winter and summer. Whether measured 
by settle plates, all-glass impingers, or Anderson samplers, the 
concentration of Aspergillus spores ranged between 0 and 6 colony forming 
units per cubic foot of air. Despite the low numbers of spores encountered 
in the air, the recovery of Aspergillus spores from the lungs of turkeys 
differed significantly between winter and summer. Fewer than 10% of the 
samples taken in summer yielded positive recoveries while winter samples 
yielded recoveries ranging between 50 and 70% of the lungs sampled. Thus, 
there were factors operative during winter conditions that resulted in far 
greater retention of Aspergillus spores in the lung. Whether this was due 
to reduced clearance efficiency brought on by overloading the defense 
mechanisms with foreign material, or an effect of other substances such as 
ammonia, is not presently known. 
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Summary 

Respiratory disease causes significant losses to turkey producers annually 
in Minnesota. The contribution of aerosols to the pathogenesis of 
airsacculitis has not been established, but they appear to be a factor. 
Understanding the characteristics of, and forces acting upon aerosols, (as 
well as their interaction with the respiratory system of the host) is 
essential for the development of aerosol control systems. Such systems 
must be compatible with the production schedule, ventilation system and 
management of a commercial turkey barn. 

Aerosol concentrations were measured in commercial turkey grower barns 
during the past winter and summer. The results showed that the greatest 
concentration was found for the particle size range from 1.2 - 2.5 microns 
in both the winter and summer. Both seasons also showed an increase in 
concentration with bird age. The concentration of particles greater than 5 
microns was greater in the summer than in the winter. The concentration of 
particles between 0.5 and 3.5 microns was greater in the winter. The 
significance of season was not clear because bird age and sex were also 
different in the barns monitored. ijourly concentration changes were 
evident, and appeared to be related to bird activity. Other factors that 
were important, though not identified, could vary the hourly concentration 
significantly from the average. 

Further aerosol monitoring is scheduled to obtain more baseline data and to 
determine the interaction of more environmental factors, such as 
temperature, wind, and relative humidity. Work is also underway to 
accurately describe the ventilation of commercial turkey grower barns to 
correlate ventilation with aerosol concentrations. 

Table 1.	 A comparison of the retention of fungi and bacteria in the 
lungs of turkeys reared in facilities with and without 
negative ionization. There was significantly more retention 
among birds exposed to ionization. 

Number Birds Ave. CFU's Number Birds Ave. CFU's 
Group with positive 

h fum. 
h fum. 
per lung 

with positive 
bacteria 

bacteria 
per lung 

( x 50) ( x 50) 

Ionized 6/15	 887 15/15 3309 

Non-ionized 
3/16	 53 15/16 464in ionized bldg. 

Non-ionized controlO/ 16 0	 15/15 201in separate bldg. 

Condemned 10/10 6367 10/10 20262birds 
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Table 2. Winter daily average particle concentrations
 
(million particles/cubic foot)
 

Size Bird Age (weeks) 
Channel (microns) 14 15 16 17 

1 0.5 - 1.2 3.146 3.875 8.532 10.443 
2 1 .2 - 2.5 6.295 8.602 19 .726 24.794 
3 2.5 - 3.5 1•191 1.812 4.664 5.877 
4 3.5 - 5.0 0.383 0.682 1.791 2.285 
5 5.0 - 10.0 0.036 0.074 0.266 0.356 
6 10.0 0.001 0.003 0.028 0.048 

Table 3. Summer daily average particle concentrations 
(million particles/cubic foot) 

Size Bird Age (weeks)
 
Channel (microns) 5 6 7 9
 

1 0.5 - 1.2 0.912 0.397 0.485 0.909 
2 1.2 - 2.5 1.598 1.558 1.907 4.172 
3 2.5 - 3.5 0.638 0.751 0.976 2.220 
4 3.5 - 5.0 0.558 0.639 0.843 1.800 
5 5.0 - 10.0 0.265 0.305 0.404 0.770 
6 10.0 0.130 0.144 0.183 0.297 

Table 4. Average winter and summer particle concentrations. 
(million particles/cubic foot) 

Channel Size Winter Summer 
(microns) 

1 0.5 - 1.2 5.678 0.959 
2 1.2 - 2.5 13.038 4.084 
3 2.5 - 3.5 3.032 2.138 
4 3.5 - 5.0 1.165 1.744 
5 5.0 - 10.0 0.159 0.697 
6 10.0 0.014 0.227 



-8

References 

ACGIH. 1981. Threshold limit values for chemical substances and physical 
agents in the workroom environment with intended changes for 1981. 
American Conference of Governmental Industrial Hygienists, Cincinnati, 
OH. 

Anderson, D.P., R.R. Wolfe, F.L. Cherms and W.E. Roper. 1968. Influence 
of dust and ammonia on the development of air sac lesions in turkeys. 
Am. J. Vet. Res. 29(5): 1049-1057. 

DUnklin, E.W. and T.T. Puck. 1942. The lethal effect of relative humidity 
on airborne bacteria. J. of Exp. Med. 87:87. 

Enos, H.L., H.J. Beaulieu and S.J. Parker. 1981. Attempts at aerosol 
control in a turkey brooding barn with negative air ionization. 
Abstracts of Annual Meeting of Poultry Science, Poultry Science, Vol. 
60 (1653). 

Hinds, W.C. 1982. Aerosol Technology John Wiley & Sons, New York. 424. 

Jacobson, L.D. 1974. Bacterial and particulate concentration in a turkey 
house environment. Ph.D. Thesis. University of Minnesota. 

Mercer, T.T. 1973. Aerosol technology in hazard evaluation. Academic 
Press, New York. 394. 

Poss, P. 1983. Personal communication. 

Sadiq, M. 1970. An evaluation of airborne microbial contamination in 
turkey pens and the influence of environment on it. Masters Thesis. 
University of Minnesota. 

Wilson, B.D., C.J. Huavg, V.L. Moore and N.J. Calvanico. 1982. The 
development of granulomatous pulmonary inflammation in rabbits by 
aerosol challenge. Cell Immunol. 67: 90-100. 



-9

CHANNEL 1 

8 0.5  1.2 MICRONS 

I•, 

7 , . •.: 

I 

WINTER~,' 

.... 6 I 
0 
0 u. 

I 
,• 

<.J-
CD 
::> 
(.) 

a:: 
w 
a-
U> 

(/) 

z 
0 
-.J 
-.J 

~ 

5 

4 

., , " 
.-. I • 

" I• 

,•I 

,•I 

LLJ 
-.J 
(.) 

.... 
a:: 
<t 3 
a. 

2 

00 04 08 12 16 20 

HOUR 

Figure 1. Hourly average winter and summer concentrations 
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Figure 3. Hourly average winter and summer concentrations 
of particles from 2.5 - 3.5 microns in size. 



-12

CHANNEL	 4 

3.5 - 5 MICRONS6 

5 

t 
o 
0 SUMMER u, 4 

u ~ 
CO	 

/ 
:::> 
u	 (/) 

z 3 
a::: 0w	 
a..	 .-J 

...J 
(f) 

~W 
...J 2 
U
I 

<% 
._e e 

a.. 
a:::	 ~ ....'\., ... ~ 

WINTER 

00 04 08 12 16 20 

HOUR 

Figure 4.	 Hourly average winter and summer concentrations 
of particles from 2.5 - 3.5 microns in size. 



-13

A COMPUTER PROGRAM TO REDUCE DOWNGRADES 
IN TURKEYS 

R.	 M. Hulet, W. D. Weaver, Jr., and R. L. Wesley
 
Va. Tech, Blacksburg, VA 24061
 

Downgrades represent a considerable loss both to the whole bird 
market and also the reduction in market value of further processed 
products. Downgrades also indirectly increase the cost/lb of 
processing by causing line slowdowns and trimming costs. Average 
grade A for hens, toms and fryer roasters in the US (1982) was 84.3, 
73.3 and 75.8%, respectively. Pinpointing the cause of these down
grades has many times remained an art rather than a science. Many 
factors usually interact in each flock making the identification of 
a specific cause difficult to identify. A method to elucidate the 
cause of downgrades is invaluable when we realize that downgrades 
can mean a loss of up to 7¢/lb. 

A computerized system that utilizes data already collected by 
the company plus other valuable observations has proven to be a very 
good method to identify causes of downgrades. This system was first 
developed with broilers and then tailored to serve the needs of the 
integrated turkey companies in Virginia. Our purposes were three 
fold: First, to verify the data collected; 2) to identify the down
grade factors that show the greatest potential for improvement, and 
last, to determine what production, live-haul and/or processing pro
cedures contribute to the problem and how to correct them. 

Data collection for determination of downgrades is taken after 
inspection and prior to chilling. A 100 bird sample for every 5,000 
birds in a turkey flock is used as the sample size. Information on 
each flock is collected by live production, live-haul, and processing 
plant personnel. Live production collects data on independent 
variables such as litter conditions, house temperatures, bird density, 
light intensity, dust levels, feed conversion, etc. for each flock 
marketed. Live-haul records the elapsed time between catch and pro
cessing, live-haul DOA's, number of birds per cage, etc. for the same 
flock. Specific downgrade information (dependent variables), such as 
breast blisters, breast bruises, leg bruises, wing bruises, cuts and 
tears, missing v-wings, missing whole-wings, missing drums, missing 
whole legs, condemned whole bird, and condemned parts are collected 
by the processing plant as well as independent variables such as 
trucking DOA's, bleed time, stunner setting, scald temperature, line 
speed, contamination evaluation, live weight, etc. 

After collection, all data are submitted on a flock basis and 
analyzed. Printouts provide the company with means, standard devia
tions, minimum value , maximum value and simple correlations for all 
variables for the current month and for the composite (annual). 
Table 1 gives a sample output. 
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Table 1.	 Grade report g1v1ng means for the current 
month and the composite (recent 12 month mean). 

Current	 12 months 

1. Grade A (%)	 85.00 79.20 
2. Scabby hips (%)	 10.60 11.90 
3. Feed withdrawal (hrs)	 17.80 18.30 
4. Catch to processing time (hrs ) 11.80 11.40 
5. Stunner setting	 42.80 39.40 
6. Litter conditions-GO (1-3) 2.08 2.14 
7. Breast blisters (%) (inc) 2.70 1.51 
8. Wing bruises (%)	 (dec) 5.28 7.34 
9. 11issing v-wing (%) (inc) 3.44 3.01 

10. Condemnations - WB (%)	 1.20 0.88 
11. Loadout DOA (%)	 0.03 0.07 
12. Plant DOA (%)	 0.16 0.32 

Sample correlation data is also given in Table 2 for Grade A. 
Correlation coefficients statistically give a relationship between 
two variables. Values can vary between +1.0 and -1.0. A relation
ship of +1.0 would indicate that as one variable increased the 
compared variable also increased at the same rate. A negative 
coefficient -1.0 indicates an inverse relationship; i.e., as one 
variable increases the compared. variable decreases. For example, 
bruises and Grade A, r = -.45, and weight and market age, r = +.65. 
No relationship is indicated as "r" approaches zero. Data can also 
be listed to provide rankings by growers according to a particular 
downgrade problem; i.e., breast blisters, total bruises, or percent 
Grade A. 

Table 2.	 Some typical correlation coefficients (r) 
for Grade A. (Y = Grade A) 

Independent variables Current 12 months 

Catch to hang time -.64** -.18** 
Wilder birds NS -.12* 
Drive score -.24* -.17** 
Age -.53** -.34** 
Weight -.46** -.25** 
Litter NS +.18** 

*~ significant at .05 level.
 
**~ significant at .01 level.
 

Correlations allow for statistical evaluation to compare the effect 
of certain practices (independent variables) on grade (dependent 
variables); i.e.; stunner setting's effect on bruises, or feed type 
on yield or feed conversion. Summaries of the information are 
developed to aid a monthly problem solving session that involves 
live production, live-haul, processing and management personnel. 
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The discussion of common problems across a table helps in 
eliminating "finger pointing". in different sections of the company 
and develops cooperation for solving problems. After a data base 
is built up, decisions can be made to initiate changes for a certain 
production or processinglp~actice. In future meetings, all changes 
are reviewed to determine whether positive progress has been made. 

General observations that have been made concerning the program 
are: 

1.� Seasonal influence on such variables as breast blisters 
(June-Sept) can be studied and solutions concentrated on 
to diminish the effects .Qn grade A. 

2.� Time interval from feed withdrawal to catch can be plotted 
to find optimal time. Also, the effect of feed withdrawal 
on crop fullness and intestinal contamination can be studied 

3.� Scheduling of birds for processing has shown to improve 
Grade A. 

4.� Holding toms on the truck for longer than 16 hours causes 
increases in missing parts, cuts and tears and intestinal 
contamination. 

5.� Listing data to compare live-haul crews, servicemen, and 
individual grower performance provides management with 
valuable information to use when making decisions. 

6.� Inspector or inspection competence can be evaluated. 

7.� Grade A can be increased by identifying and concentrating 
on individual problems with progress recorded by the 
program. 

8.� Cost is minimal to assemble data. 

This program has proved to be a successful effort that involves 
industry and state resources to solve production problems. The 
information gathered remains confidential and for use only by the 
individual company. This same program could be beneficial in most 
cases whether grade is a significant problem or in use as just a 
quality control program. 



-16

COMPUTER SIMULATION FOR TURKEY PRODUCTION, WITH
 
EMPHASIS ON NUTRITION, ENVIRONMENT, AND PROFITABILITY
 

P.E. Waibel, S. Hurwitz l , and J.C. Halvorson 

Department of Animal Science
 
University of Minnesota
 

In turkey production there are two facts which no one seems to dispute. One 
is that profit margins are often extremely slim and the other is that feed 
comprises about 70% of the total cost of production. A thought pulling these 
two observations together is that if feed cost can be reduced the savings can be 
moved into the profit margin. For example, if one could feed the equivalent of 
1% less protein throughout the life of a turkey consuming 75 pounds of feed one 
would save 9 cents per bird (presuming corn at $5.00/100 pounds and soybean 
meal at $10.00/100 pounds). This shows how a small change in feed formulation 
can affect net returns. There are many possibilities to tailor the feeding 
program to conditions. 

To take advantage of such savings one must have a good understanding of the 
nutritional requirements and of nutrition/performance input:output relationships 
so that the nutritional program may be varied in anticipation of specific pro
duction situations. 

The micro-computer offers the possibility for the family turkey enterprise 
to examine such efficiency relationships. This new opportunity utilizes the 
computer to simulate varying production options and make direct comparisons as 
to which option may be more profitable. 

ALTERNATIVE STRATEGIES 

The commercial production of a turkey is composed of the integration of many 
production compartments. For example, having set the specifications for a 
nutritional program, the least cost solution for the diet represents an optimi
zation of the ration for the nutrient and ingredient levels specified. Another 
compartment may be physical floor space and feeder and waterer distribution: 
growth and well-being are dependent on physical space and services. Another 
compartment may include environmental temperature: feed intake varies with 
environmental temperature as does growth. Another may be disease control. 
Another may be selection of breeding stock from a hatchery where good management 
has produced healthy poults. Success in production is related to the integra
tion of the various compartments such that the net production of the biTd is 
optimum and at lowest cost. Less successful producers may give special atten
tion to some compartments but may have not given balanced attention to all. 
Good producers may not be able to take advantage of all the indicators which are 
important due to the complicated interrelationships involved. 

The foregoing serves to introduce the subject of what a simulation program 
can do. It takes into account all expense items and expected performance and 
mimics actual production. By performing repeated simulations, it enables one to 
quantitate the expected production characteristics of reference and comparison 
flocks by considering alternative options available at the time. 

IVolcani Center, Rehovot, Israel 
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Examples of testing alternative strategies (or options) may be mentioned. 
The program in use should be considered as the basis for comparison. The pro
jected results may then be compared with results from alternative combinations 
of inputs and outputs so that total production system profitabilities may be 
identified. 

Example 1. Suppose the price of soybean meal increases from $9.00 to $15.00 
per 100 lb. The first alternative strategy would be to determine if other pro
tein sources may be used in an equivalent nutritional sense. Before long, one 
would observe that these protein sources increase in price about the same as 
soybean meal. The next alternative strategy might be to ask the question, "What 
happens if I decrease my dietary protein levels?1I It is possible to formulate 
lower protein diets, assigning the higher soybean meal costs to both the base 
and the alternative programs. There is, however, an important manifestation of 
reduced protein level which must be considered. What happens to growth and per
formance under the alternative conditions? The simulation considers both the 
changed costs of the diets and the impact of altered performance upon profit
ablity. 

Example 2. A producer has been using fairly low levels of dietary added fat 
in the reference program. However, the price of fat has been decreasing and it 
would be worthwhile to consider an alternative program which utilizes diets of 
higher fat levels. Again, not only do diet costs change with new diets, but 
performance may be expected to change. It is the role of the simulation to com
bine cost and performance changes in aiding the user to an understanding of 
lower cost possibilities. 

Example 3. There are many practices that a producer must decide upon from 
time to time, e.g. pelleting and addition of dietary antibiotics. If one can 
quantitate the expected costs and advantages of the practice, one may through 
simulation determine whether the practice will be beneficial by observing 
effects on net returns. 

Example 4. This is a non-dietary example. The simulation calculates 
results on a daily basis, and can provide information on the optimum time to 
market the birds in terms of net returns on both a per flock and a per year 
basis. The latter is more important to a producer utilizing facilities 
throughout the year as the time required to produce a given flock will influence 
the number of flocks per year. If a producer has only two flocks per season, 
probably grown out on range, it may not be so important how long it takes to 
produce a flock. It is just a matter of waiting a little longer to produce 
the size birds desired. 

DESCRIBING THE SIMULATION 

The starting point (basis) of the simulation is the expected growth curve of 
the turkeys. Each turkey grower may have an expected growth curve or use a 
standard growth curve such as published yearly in Turkey World. The growth 
curve is presented on a weekly basis. If the producer knows only what final 
weight is expected, the curve may be calculated by pro-rating against the stan
dard growth curve. An important feature of the growth curve in the simulation 
is that it may be modified by two kinds of conditions: intrinsic and extrinsic. 
Intrinsic conditions are defined as those associated with the physical environ
ment of the bird. If temperature is expected to be high during the production 
period one would need to reduce the expected growth rate. Another intrinsic 
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factor which affects growth rate is floor space and feeder and water services. 
Extrinsic factors are defined as those from outside the bird in its production
situation, provided mainly through the feeding program. One may reduce growth 
rate if a low protein or low energy diet is provided or increase growth rate if 
pelleting or antibiotics are being considered. 

The environmental temperature is used in the simulation in a number of ways. 
An important one is that the feeding schedule can be adjusted to environment 
either on a time of change basis or on a quantity of feed basis. This is done 
by considering the deviation of the expected environmental temperature from a 
moderate environmental temperature. Another effect of environmental temperature 
is its influence on growth. Environmental temperature also influences feed 
intake. The program calculates feed intake, which depends on body tissue depo
sition and energy required for heat. 

The simulation does not formulate diets but accepts information from diet 
programs. The nutritionist provides the diet information. The time of change 
for each successive diet for males and females is provided, as is the diet1s 
metabolizable energy and lysine contents, and cost. If diet composition calcu
lations are needed, an optional pre-calculation mode is included in the program 
which enables the user to calculate dietary information and enter the infor
mation directly into the system. If a producer is using a base mix, corn, and 
soybean meal, the calculation mode would include just these three ingredients. 
It would be necessary in this case to secure metabolizable energy and lysine 
contents of the base mix from the nutritional supplier. 

There are two feed intake modifiers, one entitled lI ef f ici ency" and the other 
lI adj ust ment . 1I The efficiency modifier allows the user to alter feed efficiency 
on a weekly basis according to expected changes due to such factors as pelleting 
or feed wastage. The adjustment modifier allows the user to adjust feed intake 
if it is believed that the feed intake calculated by the program does not fit 
the intended farm situation. 

Another input section for the program involves production details, such as 
flock size, percentages of grade A and B turkeys, target weight, and expected 
selling price. 
unit. 

Also included are fixed and variable costs for the production 

RESULTS SUMMARIES 

Five summary tables are identitified as feeding schedule, individual 
production data, flock production data, various costs, and net returns on an 
individual bird and flock basis. All output tables excepting the feeding 
schedule are presented on a daily basis. These tables may be viewed on the 
computer monitor screen, they may be printed, and/or selected portions of the 
data may be placed in file for problem comparisons using either tables or 
graphics. 

AVAILABILITY OF PROGRAM 

It is planned to have a demonstration of the program at the turkey research 
meeting associated with these Proceedings. Upon completion, the program will be 
distributed through EXTEND of the Agricultural Extension Service, University of 
Minnesota. Under this activity, the program will be placed in counties and be 
available to use on county microcomputers under the direction of the County 
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Agent. For those wishing to use the program on their own microcomputer, it will 
be available for a fee. 

A portion of the fees will be utilized to meet costs associated with the 
development of this and other programs. The remainder will be used for turkey 
research. Clearly the alternative strategy approach is dependent on the avail
ability of accurate research information. The funding developed by the simula
tion will support studies on alternative feedstuffs, nutrient compositon and 
availability, environment interactions, and quality of market turkeys produced. 

Nutrition researchers have long recognized the shortage of research data and 
the need for more experimentation to quantitate the many variables. Too many 
have concluded that nutrition is "f n the baq ;" It is important to support the 
concept that the feeding program represents a prime opportunity for reducing 
production costs and improving product quality. 

This simulation program is dedicated to the twin concepts that efficiency of 
quality turkey production is paramount and that research with healthy animals 
can provide data necessary to achieve this goal. 
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MANAGEMENT AS IT RELATES TO FEEDING OF MARKET TOMS 

Robert W. Berg and David A. Halvorson 
Departments of Animal Science and Veterinary Pathobiology 

University of Minnesota 

Turkeys raised on intermittent light have a slightly different growth 
pattern than turkeys raised on a continuous light of 12 to 16 hours. The 
poults grow slower early in life and faster later in life. This may have 
an effect on the nutrient requirements to produce maximum growth. An 
experiment was set up to determine a better method of managing the feeding 
program. 

Dunkelgod, 1981, demonstrated that turkeys raised on feeds of higher 
nutrient densities in their diet grew faster. 

Ewing, 1963, lists the calorie protein ratio for growing market turkeys 
as shown in table 1. 

Table 1.	 Protein requirements of turkeys expressed as Calories for each 
1 percent of protein. 

o - 7 1250 28 45 
7 - 12 1320' 22 60 

12 - 18 1350 18 75 
18 - Market 1360 16 85 

Scott, 1984, lists the protein and energy requirements as shown in 
table 2. 

Table 2.	 Relation of Protein Requirements to Dietary Energy Levels and 
Age of Turkeys. 

Metabolizable Starter Grower #1 Grower 112 
Energy 0-4 wks 4-12 wks 12-18 wks 
Kcal/lb. % Protein % Protein % Protein 

1200 28 22 16.5 
1250 29 23 17.0 
1300 30 24 18.0 
1350 31 25 18.5 
1400 32 26 19 .0 

If the calorie protein ratio is calculated from Scott's table for 
grower #2, it is approximately 73 calories per 1 percent of protein. 
This is maintained regardless of the energy in the feed. Thus as energy 
is increased protein and other nutrients must also be increased. 
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METHODS
 

Two thousand Nicho.las large white toms were brooded with intermittent 
dim light of 0.4 foot candles (15 watt bulbs in the ceiling). They were 
fed a low energy feed containing 400 pounds of pulverized oats per ton of 
feed as a replacement for corn, for the first 1 pound:of feed given each 
tom. This feed is used only the first 3 weeks. Low energy feed, dim lights, 
and adequate feed and water spaces produces a uniform bird with a strong 
immune system. The only medication used is a coccidiostat in the starter 
feed. No other medication has been necessary. Each building is cleaned 
and disinfected once a year. Cleaning is done in the spring. Old litter 
generates heat so fresh litter is used going into the hot summer months. 
Four to five flocks are brooded and reared on the same litter. Manure 
accumulations around the feeders and waterers are removed on a routine basis 
keeping the litter in good condition. 

Controlling the environment for confinement growing of turkeys is very 
important. If growth can be increased by good environment, will this effect 
nutritional requirements? This experiment attempted to look at the effects 
of feeding more protein in the rearing barn than is generally done on co~ 

mercial flocks. Protein sources are expensive sources of feed ingredients 
and certainly should not be fed in excess. On the other hand protein needs 
to be adequate to maximize growth. 

From a management point of view it is very important to properly manage 
a feeding program. The interest in the utilization of fat to improve feed 
efficiency by commercial growers resulted in the over-looking of the importance 
of protein as fat is increased in the diet. 

A trial was set up to test the effect of increasing the protein 3% with 
4% added fat to a diet after 8 weeks of age. 

RESULTS 

Based on 4 week feed consumption periods, protein was consumed as 
follows in the rearing barn: The Conventional protein group consumed 2.82, 
5.49 and 3.77 pounds of protein for 8 to 12, 12 to 16 and 16 to 20 week 
periods respectively per tom. The group given 3% higher protein feed with 4% 
added fat consumed 4.25, 6.36, and 4.03 pounds of protein for the periods 
8 to 12 weeks, 12 to 16 weeks, and 16 to 20 weeks respectively per tom. 

The birds on the lower protein weighed 26.85 pounds at 20 weeks with 
a feed efficiency of 3.1 pounds of feed per pound of gain. The toms on the 
higher protein weighed 28.32 pounds with a feed efficiency of 2.88 pounds of 
feed per pound of gain. Using the current prices for corn, soybean meal, 
and fat at the time of writing, the feed cost was 50 cents more per tom on 
the high protein 4% fat diet. But the extra weight of 1.47 pounds more per 
tom increased the income by 58.8 cents per tom. This leaves a profit of 8.8 
cents per tom in favor of the higher protein feed. 

As one increased the fat in growing and finishing feeds it is important 
to be sure that the daily consumption of protein is adequate to sustain 
growth. It is the increase in growth that increases income. 
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The best way to determine the adequacy of the environment which includes 
feed and water space is to weigh 50 birds and determine the range in weight. 
If 80% or more of the birds weighed are within 10 percent of the average 
weight of the samples, then conditions are good. If only 50-60 of the weights 
are in this range then there is inadequate feeder and water space or other 
environmental conditions that are poor. As further processing becomes more 
important uniformity of size will become very important. Lack of uniformity 
is caused by poor environmental conditions. 

Good uniformity without maximum growth requires an evaluation of the 
feeding program being used. A good way to monitor a feeding program is to 
look at the daily rate of gain. A simple way is to weigh a sample of birds 
and calculate their average weight and divide that by their age in days. 
This figure should increase each week~ If it levels off too early this is 
an indication the the turkeys are not getting the proper balance of nutrients. 

The turkeys on this experiment were weighed every 4 weeks with the 
following daily rates of gain: 

Table 3.	 Average daily rate of gain for Turkeys Reared on Different Levels 
of Protein and Fat. 

Age Conventional 3% added Protein 
Wk Diet + 4% Fat 

4 .053 .053 
8 .114 .114 

12 .149 .169 
16 .185 • 191 
20 .192 .202 

SUMMARY 

To get a measure of uniformity one should sample about 50 birds. 
This is the best method to measure a management program. Management and 
disease will affect weight. But it usually results in reducing the growth 
of some birds while the healthy aggressive birds continue to gain in weight. 
Flock uniformity is a good measurement of management skills. Rate of growth 
for all ages is a measure of fulfilling nutritional needs. 

Intermittent light changes the activities of the turkey which requires 
less energy. Thus the calorie protein ratio of confined turkeys raised 
on intermittent light may require less energy for each 1 percent of protein 
in the diet during the rearing period. To maximize growth this adjustment 
should be made. 
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THE EFFECTS OF WHITE LUPINE ON THE GROWTH, FEED
 
EFFICIENCY AND TASTE CHARACTERISTICS OF TURKEYS
 

J.C. Halvorson, P.E. Waibel and M.A. Shehata1 

Department of Animal Science
 
University of Minnesota
 

INTRODUCTION 

Providing optimum nutrition at a minimum cost is a primary objective of the 
nutritionist. One way this goal can be reached is to incorporate alternative 
feed ingredients into existing feeding programs. In southern Minnesota corn and 
soybean meal are often plentiful and provide reliable energy and protein for 
turkey diets. In some areas it may be impossible to grow corn and soybeans 
economically due to climate and soil conditions, so there is a need for alter
native crops. A crop such as white lupine has potential in replacing part of 
the protein and energy normally provided by corn and soybean meal. 

General information from Gladstones (1970) indicates the following. White 
lupine (Lupinus albus) is a pulse crop and member of the legume family of 
plants. Various species of lupine have been used as food for humans and 
livestock since ancient times. These early lupines were "bitter" because their 
alkaloid content could exceed 2.0%. Before bitter lupine could be fed, steeping 
in water was necessary to reduce its bitter taste and toxic alkaloid level. In 
the early 20th century, plant breeders in Germany developed "sweet ll (low 
alkaloid) white lupine. White lupine can be grown in mildly acid loamy sand or 
loam soil that is well drained. It does well in cool to moderately warm clima
tes and can be planted early due to tolerance to frost. Unlike soybean, white 
lupine does not require heat processing before feeding to remove trypsin inhibi
tors that interfere with protein digestion. 

The nutrient composition of white lupine (Ultra variety) used in our turkey 
nutrition research is given in Table 1. The crude protein level ranged from 
29.5 to 33.6%. Total sulfur amino acids are low for this moderately high pro
tein level. Methionine and cystine levels of .33 to .34% and .52 to .61%, 
respectively, were determined for white lupine. The lysine level in white 
lupine is not as high as that in soybean meal protein, ranging from 1.59 to 
1.75%. Determined crude fiber levels of whole white lupine meal have ranged 
from 9.8 to 11.6%, while the dehulled lupine meal contained 6.5% crude fiber. 
Calcium (.26-.40%) and phosphorus (.40-.57%) levels in white lupine are com
parable to soybean meal. Metabolizable energy of the white lupine used was 
calculated by the formula of Carpenter and Clegg (1956). Values for whole white 
lupine ranged from 2827 to 2940 kcal/kg and for dehulled white lupine was 3208 
kcal/kg. 

IDepartment of Animal Production, Faculty of Agriculture, University of Ain 
Shams, Cairo, Egypt. 
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Few studies have been reported on the use of lupine in poultry diets. Yule and 
McBride (1976) observed that broilers fed diets containing up to 24% ground blue 
lupine seed (Lupinus angustifolius) grew as rapidly as those fed wheat-based 
diets when the diets were balanced for amino acids and energy. Shehata (1980) 
found that methionine supplementation improved the protein efficiency ratio of 
lupinus termis in chicken broiler diets. Zaviezo and McGinnis (1980) reported 
that methionine supplementation resulted in significant improvements in growth 
and feed efficiency of chicks fed lupine based diets and that cooking dehulled 
lupine seeds and addition of penicillin provided growth responses. 

MINNESOTA LUPINE STUDIES WITH TURKEYS 

Previous studies reported from the University of Minnesota (Halvorson et al., 
1983) indicated that commercially available whole ground white lupine (Lupinus 
albus) could be incorporated into diets of growing turkeys at low levels without 
significantly depressing growth. All studies utilized large white (Nicholas) 
commercial turkeys. Lupine was substituted into the corn-soybean meal diets 
holding methionine plus cystine and lysine constant in relation to metabolizable 
energy. 

In the first study, 15% white lupine included in the diet of male turkeys during 
0-3 weeks of age resulted in no change in growth rate, while 30, 45, or 60% 
white lupine resulted in growth that was depressed significantly and in propor
tion to level (Table 2). However, even at the 60% substitution level, growth 
was 85% of turkeys fed a corn-soybean meal control and the turkeys appeared to 
be normal. 

The second study utilized female turkeys 8-12 weeks of age. White lupine was 
added to the corn-soybean meal control diet to replace 20, 30, 40, and 100% of 
the protein provided by soybean meal (Table 3). When white lupine protein 
replaced 20% of the soybean protein growth was 97.3% of control birds 
(non-significant depression). When 40% soybean protein was replaced, growth was 
95% of control. Complete replacement of soybean protein resulted in growth that 
was 85% of the control birds. Inspection of internal organs at the end of the 
study revealed that as lupine level increased so did the empty gizzard weight 
and coarseness of the gizzard lining. It was speculated that a portion of the 
growth depression may have been due to the relatively high crude fiber level 
(nearly 12%) of the whole white lupine seeds. 

A third study was conducted that investigated the effects of feeding dehulled 
white lupine on the growth rate of male turkeys during 4-21 days of age. Ground 
whole and dehulled white lupine were added to a corn-soybean meal type diet at 
both 20 and 40% levels. The corn-soy diet was fed to all birds during the 0-4 
day pre-experimental period. Feeding either the whole or dehulled lupine at the 
20% level produced growth and feed efficiency that was similar to the corn-soy 
control group (Table 4). When 40% whole lupine was included in the diet, body
weights were significantly (P<.05) depressed (10.9% below control). When 40% 
dehulled lupine was added growth was down 4.7% from control but this depression 
was not significant. Feed efficiencies for all groups were similar except for 
the 40% whole lupine group which was significantly (P<.05) poorer than the rest. 
Dehulling the white lupine proved to be beneficial when it was included at the 
40% level. At the 20% level, dehulling the lupine made no difference in growth 
rate or feed efficiency. 
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From these data it appears that the turkeys were able to tolerate the additional 
fiber brought into the diet by the 20% whole lupine. At the 40% level, 
dehulling the lupine reduced the calculated crude fiber level of the diet from 
2.24% to 1.48%. This was apparently enough to reverse a large portion of the 
growth depression with 40% white lupine. 

Full-term Market Study With Hens 

In the fourth study graded levels of white lupine were included in the diets of 
market female turkeys, study duration 0-17 weeks of age, to examine the effects 
of prolonged feeding of lupine on growth, feed efficiency, and carcass quality. 
The following treatments were used: #1. corn-soy control, #2. soy to lupine 
ratio of 2:1, #3. soy to lupine ratio of 1:1, #4. soy to lupine ratio of 0.6:1. 
Table 5 gives partial composition of diets fed; as shown, the lupine levels 
decreased as the protein requirement of the turkey decreased. 

The growth depressions caused by white lupine were most apparent during 0-11 
weeks of age (Table 6). At 4 weeks, birds fed 18.9% white lupine had body 
weights lower, but not significantly lower, than the controls. Those birds fed 
31.5 and 43.1% lupine were down significantly (P<.05) from the control group by 
10.5 and 14.9%, respectively. At 8, 11 and 14 weeks of age the body weights of 
all birds fed lupine were significantly lower than the control group. At 17 
weeks the body weights of birds in the 2:1 soy-lupine group were 1.9% less than 
those of the control group, but this was not significant. 

Average daily gains (Table 7) of the lupine fed birds were also depressed from 
0-11 weeks. From 11-14 weeks the 1:1 and 0.6:1 soy-lupine groups made recov
eries in their gains. The birds being fed 18.2 and 25.0% lupine had signifi
cantly (P<.05) greater gains that were 6.5 and 7.0% above the control group, 
respectively. The feed efficiencies of the controls and all lupine groups were 
the same during 14-17 weeks. 

Regarding feed efficiency (Table 8), during 0-11 weeks of age it was poorest 
with the two highest level groups. After 11 weeks, however, birds fed lupine 
were generally more efficient than the controls. The overall feed efficiency 
data (0-17 weeks) showed that all groups, except the highest lupine level, had 
similar feed efficiencies. The 0.6:1 soy-lupine birds had the poorest (P<.05) 
feed efficiency from 0-17 weeks. 

A sensory (taste panel) evaluation of the meat from the hens was performed to 
determine if feeding of white lupine had effected any changes in taste charac
teristics. After termination of the experiment seven representative birds from 
each treatment group were sacrificed and processed at the University of 
Minnesota poultry abbatoir. Dark and light meat samples were taken from each 
bird, chilled for 24 hours, and then frozen. One week later the samples were 
thawed slowly and cooked to an internal temperature of 185°F. 

Sensory evaluation panels were set up to distinguish taste differences between 
the treatment groups in both the light and dark meat. Fifty-five experienced 
tasters participated. Each taster ranked both light and dark meats on a scale 
of one to four, where: one was liked best and four was liked least. 
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Table 9 shows the final results from the sensory evaluation. No differences 
were found between treatments in the dark meat. A significant preference was 
found for light meat from birds in the control group and those fed the highest 
level of white lupine. The turkeys fed lupine in a one to one ratio with 
soybean meal were liked least. It is not clear why this would happen but it is 
safe to conclude that prolonged feeding of white lupine has no detrimental 
effect on the flavor of turkey meat. 

CONCLUSIONS 

1.	 The feeding of more than 15-20% of white lupine in diets of turkeys for 3-4 
week periods resulted in minor growth depressions. This retardation tended 
to decrease as turkeys were fed lupine for longer periods; in fact, compen
satory growth became evident after 11 weeks of feeding even though the 
lupine level was 25% of the diet. 

2.	 Dehulling of the lupine, resulting in decreased dietary fiber content, 
reduced the extent of growth depression. 

3.	 Feeding of white lupine to market hen turkeys during 0-17 weeks of age had 
no detrimental effect on the flavor of the light and dark meat. 
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Table 1.	 Proximate analysis and amino acid composition of white lupine used in 
Minnesota turkey nutrition studies. 

Experiments Experiment 3 Experiment 
1 and 2 Whole Dehulled 4 

Moisture 
----------------------%----------------------
12.6 14.1 11.8 13.4 

Protein 32.0 29.5 33.6 29.9 
Fiber 11.6 11.6 6.5 9.8 
Fat 8.8 10.1 11.9 8.7 
Cal ci urn .40 .32 .26 .36 
Phosphorus 
Total sugar (as invert) 

.41 
3.6 

.50 
5.4 

.57 
5.7 

.40 

Starch 18.7 16.0 15.4 

Alanine 1.09 1.18 1.19 
Arginine 
Aspartic acid 
G1ut am ic acid 

2.99 
3.38 
6.26 

3.76 
3.51 
7.21 

3.97 
3.62 
7.81 

Glycine 
Half cystine 
Histidine 

1.28 
.52 
.71 

1.47 
.58 
.84 

1.52 
.61 
.90 

Isoleucine 1.52 1.59 1.71 
Leucine 2.33 2.68 2.83 
Lysine 
Methionine 

1.59 
.34 

1.74 
.33 

1.75 
.33 

Phenylalanine 
Serine 

1.19 
.88 

1.42 
1.43 

1.50 
1.56 

Threonine .80 1.24 1.35 
Tyrosine 
Valine 

.98 
1.50 

1.49 
1.72 

1.65 
1.72 

Table 2.	 Performance of male turkeys fed white lupine from 0 to 3 weeks of age 
(Experiment 1). 

Treatment!	 Body weight (g) Feed/Gain 
(3 weeks of age) (0-3 weeks of age) 

Corn-soy (CS) 471 a 1.48b 
CS with 15% white lupine 480 a 1.56 b 
CS with 30% white lupine 442 b 1.56b 
CS with 45% white lupine 419bc 1.70a 
CS with 60% white lupine 40Qc 1.71 a 

lSix replicate pens of eight	 turkeys each were used per treatment. 

a,b,CMeans in columns with different superscripts are significantly different 
(P=.05) • 
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Table 3. Performance of female turkeys fed white lupine from 8 to 12 weeks of 
age (Experiment 2). 

Treatments1 
Body weight (kg) 
(12 weeks of age) 

Feed/Gain 
(8-12 weeks of age) 

100% SBMP, 0% WLP2 4.44a 3.13c 

80% SBMP, 20% WLP 4.38 ab 3.18bc 

70% SBMP, 30% WLP 4.30 b 3.27b 

60% SBMP, 40% WLP 4.32 b 3.23bc 

0% SBMP, 100% WLP 4.11c 3.49 a 

1Three replicate pens of ten turkeys were used per treatment. Average 
starting weight at 8 weeks was 2.25 kg. 

2SBMP = Soybean meal protein, WLP = White lupine protein. 

a,b,CMeans in columns with different superscripts are significantly different 
(P= .05) . 

Table 4. Performance of male turkeys fed whole or dehulled white lupine from 
4 to 21 days of age (Experiment 3). 

Body weight (g) Feed/Gain
Treatments1 (21 days of age) (4-21 days of age) 

Corn-soy (CS) 1.48c 

CS with 20% white lupine 1.54bc 

CS with 40% white lupine 1.67a 

CS with 20% dehulled white lupine 1.55bc 

CS with 40% dehulled white lupine 1.57bc 

1Five replicate pens of eight turkeys each were used per treatment. 

a,b,CMeans in columns with different superscripts are significantly different 
(P= .05) • 
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Table 5. Amounts of white lupine fed in Experiment 4. 

White lupine fed during periods, weeks 

Treatment 0-4 4-8 8-11 11-14 14-17 

------------------------%------------------------
1. Corn-soy cantrall 

2. Soy:Lupine = 2:1 18.9 16.5 14.0 10.9 8.1 

3. Soy:Lupine = 1:1 31.5 27.6 23.5 18.2 13.6 

4. Soy:Lupine = 0.6:1 43.1 37.8 32.2 25.0 18.7 

lControl diet series was corn and soybean meal based diet with 4% added fat 
(Waibel, 1974). 

Table 6. Body weights of female turkeys fed white lupine from 0 to 17 weeks of 
age (Experiment 4). 

Body weight at week 

Treatments! 4 8 11 14 17 

-----------------------kg-----------------------
1. Corn-soy .645a 2.29a 4.17 a 5.76 a 7.25a 

2. Soy:Lupine = 2:1 .619a 2.19b 3.97 b 5.57 b 7.11ab 

3. Soy:Lupine = 1:1 .574b 2.07c 3.77c 5.45b 6.99 b 

4. Soy:Lupine = 0.6:1 .551b 1.99c 3.73c 5.40 b 6.93 b 

lEight replicate pens of eight turkeys each were used per treatment. 

a,b,CMeans in columns with different superscripts are significantly different 
(p= .05) • 
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Table 7. Average daily gain of female turkeys fed white lupine from 0 to 17 
weeks of age (Experiment 4). 

Average daily gain for weeks 

Treatments1 0-11 11-14 14-17 

----------------------g----------------~-----

1. Corn-soy 53.2a 74.3b 71.1 

2. Soy:Lupine = 2:1 50.0b 74.3b 71.9 

3. Soy:Lupine = 1:1 48.1c 79.1a 73.3 

4. Soy:Lupine = 0.6:1 47.3c 79.5a 71.9 

1Eight replicate pens of eight turkeys each were used per treatment. 

a,b,CMeans in columns with different superscripts are significantly different 
(p= .05) • 

Tab 1e 8. Feed efficiency of female turkeys fed white lupine from 0 to 17 weeks 
of age (Experiment 4). 

Feed/gain for weeks 

Treatments! 0-11 11-14 14-17 0-17 

1. Corn-soy 2.13b 3.25a 3.75 2.70b 

2. Soy:Lupine = 2:1 2.12b 3.18ab 3.68 2.67b 

3. Soy:Lupine = 1:1 2.22a 3.09b 3.67 2.73b 

4. Soy:Lupine = 0.6:1 2.29a 3.1Sab 3.78 2.82a 

1Eight replicate pens of eight turkeys each were used per treatment. 

a,b,CMeans in columns with different superscripts are significantly different 
(p= .05) • 
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Table 9. Sensory evaluation of turkey meat from hens fed white lupine from 
0-17 weeks of age (Experiment 4). 

Average score

Treatments1 Light meat Dark meat 

1. Corn-soy 2.33b 2.65 

2. Soy:Lupine = 2:1 2.51ab 2.53 

3. Soy:Lupine = 1:1 2.93a 2.51 

4. Soy:Lupine = 0.6:1 2.24b 2.31 

ITotal rank sum divided by number of judges (N=55). Scoring based on a system 
where: 1 = Liked best •.• 4 = Liked least. 

a,b,CMeans in columns with different superscripts are significantly different 
(p= .05) • 
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SEMEN QUALITY AND ITS PRESERVATION 

E. F. Graham 
University of Minnesota, St. Paul 

The production of high quality semen is essential for the attainment and 
maintenance of high fertility. Semen quality varies both between and 
within sire. Variance between sires indicates an inherent ability or 
inability for semen quality production. Variance within sire may be the 
result of several factors which may include light, temperature, 
nutrition, general health or method, time and frequency of semen 
collection. Regardless of the origin and existence of either high or 
low quality semen, some method of its assay and selection is imperative 
for high fertility (Brown and Graham, 1971). Likewise, in recent years 
some emphasis in research has been placed on methods of extending semen 
for longer term storage and use (Sexton, 1979, 1980; Lake, 1981; and 
Graham et al., 1982). In this regard, selection for high quality semen 
again appears to be essential. Ansah and Buckland (1980), Borsting 
(1981). 

The purpose of this presentation is to report on research conducted on 
1) tom flock semen evaluation and relation to fertility, 2) individual 
tom differences in response to semen storage and relation to fertility 
and 3) effect of storage methods of selected semen on fertility. 

Pre-season Semen Evaluation and Tom Selection 

Methods and Materials: 

Semen from a total of 502 medium White Wrolstad males was collected 
three times each prior to the breeding season at 3 and 4 day intervals. 
Semen was evaluated for volume, sperm numbers, percentage motility and 
percent cells capable of swelling without rupture after exposure to a 
hypotonic solution. Both percentage of motile sperm and swelling were 
assayed after the semen had been diluted 1 part semen to 2 parts MTGA 
buffer and stored at 5°C for 6-8 hours. Percentage motility was assayed 
by three independent technicians using closed circuit television. Sperm 
numbers were assayed spectrophotometrically. Percent swelling was 
assayed by use of an Elzone Counter. 

After assay the birds were divided into four groups according to semen 
quality a) high, b) medium, c) low, and d) poor. Approximately 600, 
1200 and 600 females were inseminated with toms from groups a, b, c 
weekly over a 14-week period. Fertility data was based on 10 day 
candle. 

Results and Discussion: 

The data obtained from 1506 samples of preseason collected semen is 
shown in Table 1. 
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The data shows a significant positive correlation between sperm numbers, 
percent motile sperm and sperm capable of swelling. A small but 
significant negative correlation was shown on semen volume. A highly 
significant difference in fertility was shown between semen quality and 
fertility. These data indicate that differences do exist between toms 
and that selection can be made. These data are in agreement with the 
previous findings of Brown and Graham (1971), which resulted in a 14% 
difference between high and low groups. The question arises as to 
whether all toms produce similar semen throughout the season. A further 
study was designed to test the repeatability of semen quality. 

Repeatability of Production of Semen Quality 

Methods and Materials: 

Semen was collected from individual toms four times at 2 week intervals 
starting 2 weeks after start of production. Volume of semen was 
measured. Semen was then diluted 1 part semen to 4 parts buffer, cooled 
and transported to the laboratory for further analysis. All samples 
were examined for motility using the criterion of swirling action 6, 12 
and 24 hours after collection. Not until after the six hour assay was 
the semen subjected to dialysis. This resulted in extra stress to the 
spermatozoa. Sperm cell numbers analysis was conducted and results were 
calculated to the original raw semen. 

Results and Discussion: 

Results indicate that only a percentage of birds produce semen capable 
of long term storage (Table 2). The lower percentage of birds (20-35%) 
showing higher quality semen at 24 hours storage is lower than 
previously (60%) reported. In all probability this discrepancy is due 
to improper handling during the first six hours. Nevertheless the data 
indicates large differences between birds and between flocks. Likewise, 
a high repeatability coefficient was shown indicating that the same 
birds produce similar quality semen on each collection. 

The Use of Pre~selected Semen on Fertility 

In an attempt to relate the effects of semen quality for fertility, a 
study was designed. 

Methods and Materials: 

Six lots of 12 females were randomly assigned. Two lots of males were 
used. One lot was unselected for semen quality. The second lot was 
unselected but semen to be used was selected from within this lot. For 
selected semen, only semen that displayed a swirling action at 24 hours 
storage was used. After collection the nonselected semen was pooled,
diluted 1:3 with buffer, cooled and dialyzed against buffer for the 24 
hour storage period. Two lots of females were inseminated with 
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nonselected semen after 20 minutes storage. This served as a control. 
The remaining 4 lots of females were inseminated with 24 hour stored 
semen from 1) selected semen, 2) nonselected semen, 3) selected semen 
80% and 20% nonselected, and 4) 60% selected and 40% nonselected semen. 
Insemination was administered on day 0-3-8 and at weekly intervals over 
an 8 week period. 

Results and Discussion: 

The data (Table 3) reveals that the selection procedure is a viable test 
assay and that semen can be selected and influence fertility. Little 
difference (90.0 vs 92) was shown between selected and nonselected semen 
when insemination 1S carried out immediately after collection. After 24 
hours of storage, selected semen resulted in 89% fertility and 
nonselected semen resulted in 71% fertility. The difference is 
statistically significant. Also shown is that an increase in fertility 
results when selected semen is added to nonselected semen. 

Development of Techniques for Longer Term Storage of Turkey Spermatozoa: 

Having established that assay turkey semen by maintenance of a swirl(s) 
is a viable process, using an appropriate buffer, simplified 
alternative storage methods were investigated. Our data has also 
continuously suggested that the higher the dilution ratio the longer the 
cells lived. Likewise known is that turkey spermatozoa requires oxygen 
for long term maintenance. Results of a typical study illustrating the 
above is shown in Table 4. 

Methods and Materials: 

Semen was collected from selected males and diluted 1:1, 1:2 and 1:3 and 
cooled to 5°C. The samples were split into 3 groups: 1) small vials and 
capped, 2) placed in dialyzing bags and dialyzed against buffer, and 3) 
placed in an open vial with 2x surface to volume ratio. The latter was 
placed in a dessicator at 5°C and pure oxygen was blown in replacing the 
air. The vessel was semi-sealed. Samples were checked for motility at 
0, 6, 12, 24, 36 and 48 hours. 

Results and Discussion: 

As shown by the data, a significant difference existed between dilution 
ratios with the higher the dilution ratio the longer the samples 
survived. An overall difference was shown. Both treated samples were 
superior to no treatment. No significant difference was shown between 
dialyzed and 02 treated semen. 

In view of this finding, and as 02 treatment is more simple and usable 
technique than dialysis, a fertility trial was set up to test dilution 
ratio and the 2 methods of storage. 
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Methods and Materials: 

Semen was collected from selected males and diluted 1:1 and 1:3. The 
samples were cooled to 5°C and either dialyzed or stored under 02. Six 
females in 4 lots were inseminated with equal sperm cell numbers (by 
adjusting volume/insemination) at 7 day intervals over a 14 week period. 
Semen was stored only for 6-8 hours prior to insemination. The data is 
presented in Table 5. 

Result and Discussion: 

The results show a small but significant difference between dilution 
ratios with the higher dilution ratio resulting in higher fertility 
(Table 5). Keep in mind, however, that equal total numbers of cells 
were inseminated by adjusting the volume of inseminate. The results 
possibly mean that the high dilution ratio maintained a greater 
percentage of live cells. The most encouraging result was that 
simplified method of storage under 02 resulted in similar fertility to 
dialyzed storage. 

Summary and Conclusion: 

Individual tom selection for semen quality is possible using simple 
techniques of assay. 

Individual toms have fairly consistent semen quality and can effectively 
be preseason selected. 

A more precise selection procedure is to collect individual toms, assay 
and pool the high quality semen. 

Selected semen for quality effects fertility. 

Longer term storage of turkey semen is possible if selected semen is 
used. 

Either dialysis of semen or storage under oxygen prolongs the useful 
life of spermatozoa. 
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Table 1.	 The effect of preselection of toms for semen quality on 
fertility (502 males). 

High	 Medium Low Poor 

Sperm no./ml x 109 14.3 14.1 11.3 9.6 
Volume, ml .185 .189 .230 .245 
Motility (6 hr), % 65.0 54.6 35.8 20.0 
Sperm swelling, % 72.5 68.3 61.0 58.0 
% Bi rds 22 43 21.0 14 
Fertility*, % 89.7 87.1 81.0 

Semen dilution -- 1:2 (semen to buffer) 
7 day insemination interval 
1/30 ml per insemination 
*High, Medium and Low fertility percent was based on 31500, 61000 and 30250 
eggs, respectively. 

Table 2:	 ?ampling1 semen quality from random birds in four flocks 

No. X- X x 109 %Samples %Samples %Samples 
Flock Birds Vol. SP./ML. S* 24 Hrs S 12 Hrs S 6 Hrs r** 

A 20 .21 10.3 (7) 35 (12) 60 (14) 70 .94
 
B 60 .37 6.1 (14) 23 (22) 37 (30) 50 .72
 
C 60 .31 6.8 (12) 20 (28) 47 (34) 57 .86
 
0 88 .29 7.4 (28) 32 (48) 54 (63) 71 .84 

Sampling1 Same birds sampled 4 times at 2 week intervals commencing 
2 weeks after start of production. 

S* Number ( ) and %samples showing swirling action. 
r** Repeatability, %time that all samples responded the same, 

dilution 1:3, dialyzed after 6 hours, stored at SoC. 
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Table 3: The effect of 
24 hours. 

semen quality on fertility of semen stored for 

Selected -  Selected - 

Nonselected 
4 parts 

Nonselected
3 parts 

Nonselected
Semen 

No. % 
1 part

No. % 
2 parts

No. % 
Eggs Fert.*** Eggs Fert. E9..~ Fert. 

Control, 
20 min. 360 90.0 352 92.0 

24 hr. 
stored** 342 71.6 372 89.0 366 81.0 374 74.0 

12 birds/lot, 8 week duration, weekly insemination, 1/20 ml.
 
Selected* Swirl action of semen at 24 hours.
 
24 hr. stored -- Semen diluted 1:3 dialyzed, 5°C.
 
% Fert.*** -- Fertility based on 8-10 day candle.
 

Table 4. Effect of dilution ratio and motility of buffered semen 
(selected males) under three different storage conditions. 

Dilution 
Ratio o hr. 6 hr. 12 hr. 18 hr. 24 hr. 36 hr. 48 hr. 

Storage 5°C 

1:1 S* 55 45 40 20 0 0 
1:2 S 5 55 50 30 10 0 
1:3	 5 S S 60 50 40 5 

Dialyzed (Ratio 1:10) --- 

1:1 S S S 60 50 -20 0 
1:2 S S 5 S S 55 10 
1:3	 S S S S S S 50 

Under appropriate 02 (No dialysis) 

1:1 5 S 55 30 10 5 0 
1:2 S S S S 60 40 0 
1:3 S S S S S S 55 

*5 - Swirling motility
 
Significant difference between dilution ratios on time.
 
Significant difference between no treatment and treatments.
 
No significant difference between dialysis and 02.
 

Possible storage for 36 hours at 1:3 dilution. 
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Table 5. Comparison of 2 types of storage methods and dilution ratio of 
fertility of turkey spermatozoa. 

No. Eggs No. Fert. % Fert. 

Dialysis 

1 :1 
1 :3 

294 
312 

(269) 
(284) 

88 
91 

02 Method 

1: 1 
1:3 

310 
305 

(269) 
(276) 

87 
90 

Selected toms 
Six birds per treatment 
14 week lay
Insemination 7 day intervals 

Equal sperm numbers/inseminati8n
dosage approximately 100 x 10 

6-8 hour storage + 5°C 
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EFFECT OF DIETARY PROTEIN AND LYSINE LEVELS, AND
 
NEST CHARACTERISTICS ON TURKEY BREEDER HEN PERFORMANCE
 

S.L. Noll, P.E. Waibel and M.E. E1 Halawani 

Department of Animal Science
 
University of Minnesota
 

INTRODUCTION 

A review of protein requirement studies for turkey breeder hens indicated that 
protein levels of 10 to 15% were sufficient for maximum egg production (Waibel 
and Noll, 1984). However, the requirement is much less variable when expressed 
on a daily intake basis as indicated by Wilgus (1976) who estimated a minimum 
daily requirement of 26-27 g/hen. The review also indicated that more protein 
was needed to maximize egg weight as compared to meeting the requirement for egg 
production. 

With the anticipated increase in commercial availability of methionine and 
lysine supplements, research is needed to determine dietary amino acid needs 
so that these supplements can be used at effective levels and allow a reduction 
in dietary protein. Studies are reported herein on the lysine requirement and 
performance of hens fed low protein diets supplemented with lysine to the 
requirement level. 

Previous studies have shown that the pen environment (floor vs. cage) can 
greatly affect egg production (Waibel et al., 1975) and broodiness (E1 Halawani 
et al., 1984). It was expected that the type of nest may affect egg production, 
broodiness, and the amount of labor needed for egg collection and nest care. 
Several nest types were tested as part of a factorial design with the above 
nutrition treatments. FUll-trap nests had been used in previous studies but are 
very labor intensive in that training of hens and frequent egg gathering is 
required. The nests have an important advantage in research of allowing nota
tion of individual hen data such as egg production, broodiness and production 
outages. To reduce the labor load, ideally, a nest is needed which is readily 
used by the hen and produces eggs suitable for hatching. In a series of experi
ments, semi-trap and community nests were examined as possible substitutes. An 
additional variable in the two experiments was the use of synthetic turf as 
replacement for shavings and in nests with a rollaway bottom. 

MATERIALS AND METHODS 

General 

Large white (Nicholas) female line hens were light stimulated (15L:9D) at 30 
weeks of age. They were kept in floor pens measuring 7x9 ft at the rate of 10 
to 12 hens per pen and were inseminated with pooled semen from Nicholas male 
line toms every 10 days. Egg production records were kept from 33 to 53 weeks 
of age during which time the experimental diets were fed. Within each four week 
interval, eggs were collected and identified for determination of egg weight, 
fertility and hatchability. Hen body weights and feed intakes were also 
measured over the 20 week production period. 
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Lysine requirement studies 

Two studies examined the response to supplemental lysine at differing protein 
levels using a corn-sesame meal diet. In Experiment 1 protein levels were 12 
and 14%, while in Experiment 2 the levels were 11 and 14%. A control breeder 
diet based on corn and soybean meal was also fed in each study. 

Amino acid supplementation of low protein diets 

In two studies low protein diets based on corn and soybean meal were supple
mented with lysine and methionine and their performance compared to control 
breeder diets. In the first study the low protein diet contained 10.5% protein 
and was fed without amino acid supplementation~ with lysine supplementation and 
with both added lysine and methionine. The amino acid levels were based on the 
previously determined lysine requirement (.5%) and, for methionine, to the level 
of the control diet (.45%) which exceeded the NRC (1977) recommended level. 

In the second study, a protein phase program was used where the dietary pro
tein level is decreased but methionine and lysine supplementation is used to 
maintain those amino acid levels. In the phase program, hens were fed a 15% 
protein diet from 33 to 37 weeks, and a 12% protein diet (.03% methionine 
supplementation) from 37 to 45 weeks, and a 10.5% protein diet (.07% methionine 
and .14% lysine supplementation) from 45 to 53 weeks. The control group was fed 
a 15% protein diet from 33 to 53 weeks of age. 

Nesting studies 

Five experiments were conducted with Experiments 1 to 3 utilizing wood shavings 
for nesting material while the last two i~cluded comparisons of wood shavings to 
turf. Each pen contains a nesting box measuring 4811 wide, 2411 high, and 24" 
deep. In Experiment 1, for the semi-trap (55), full trap (F5) and open (05) 
nest types, this area is divided into 3 individual boxes with doors for the 
first two types and no door for the open nest. In the two community nest treat
ments (CS and CDS), one had sliding doors (CD5) which closed the nest area to 
the hens from 4 p.m. to 7 a.m. daily. In this first experiment no training 
program was used to get hens to lay in nests so as to determine if any nest type 
was more readily acceptable. In Experiments 2 and 3 the nest comparisons were 
5S and CS. 

In Experiments 4 and 5 nesting material was also compared (wood shavings vs. 
turf). Some nests were modified to have a rollaway floor to facilitate egg 
collection where automation could be incorporated. In the fourth study the 
semi-trap nest type was used with shavings (55) or with turf (ST) or with a 
rollaway floor with turf (STR). A community rollaway nest with turf (CTR) 
formed a fourth treatment. In Experiment 5 both the semi-trap and community 
nests were compared with shavings (55, CS) or with a turf-rollaway bottom (5TR, 
CTR) • 
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RESULTS AND DISCUSSION 

Lysine requirement studies 

In the first experiment (Table 1) egg production was unaffected by lysine level 
(0.32-0.68%) at either 12 or 14% protein with respective lysine intakes ranging 
from .7 to 1.5 g/day. Lysine supplementation increased egg weight and reduced 
the amount of body weight loss over the 20 week period at both protein levels. 
Based on the responses obtained for egg weight and body weight maintenance, and 
the lack of response with egg production, .5% lysine was (1.19 g/day) adequate. 

In the second study (Table 1) lysine supplementation of 11% or 14% protein 
diets increased egg production significantly with the greatest rate of produc
tion at the highest level of supplementation (.51% total lysine). Egg weight 
improved only in the 11% protein diets as lysine level increased. Body weight 
loss· was minimal at .51% lysine. Daily lysine intakes averaged 1.10 g/day where 
lysine concentration was .51%. 

Based on the results of the two studies, the requirement for lysine was esti
mated to be .51% (1.14 g/day) in diets containing 11, 12 or 14% protein and 
approximately 3230 kca1/kg of metabolizable energy. The experimentally deter
mined requirement is less than the NRC (1977) recommendation of .6% and the 
Wilgus (1976) recommendation of 1.32 g/day. 

Amino acid supplementation of low protein diets 

In the first study (Table 2) the low protein diet (10.5%) depressed egg produc
tion, egg weight and feed consumption in comparison to the control. 
Supplementation with .15% lysine improved egg production significantly over the 
low protein group with no effect on egg weight. Supplementing with methionine 
(.07%) in addition to lysine improved egg weight slightly but not significantly.
That the low protein diet supplemented with lysine and methionine supported 
equal egg production to the 15.7% protein control diet helped to substantiate 
the requirement estimate of .5% lysine. The low egg weight of the supplemented 
diets as compared to the control indicates that one or more amino acids may have 
been deficient in the low protein diet and were limiting egg weight but not egg 
production. 

As the supplemented low protein diet resulted in low egg weight, it was hypothe
sized that perhaps the normal increase in egg weight during the breeder season 
could be delayed by feeding lower protein diets as the hens became older. To 
test this hypothesis the protein phase program was compared to a control group 
fed a 15% protein breeder diet for the 20 week period in the second study. No 
significant differences between diets (Table 3) were seen for egg production, 
fertility, and hatchability. Egg weight was reduced for the phase program by 2% 
with the difference between treatments becoming larger as the egg production
season progessed. Contrary to the previous experiment, body weight loss over 
the 20 week period was greater (p<.05) for the phase-fed hens. 

Nest comparisons - wood shavings only 

The results in Table 4 show that no differences existed for egg production 
except in the first experiment. Egg production for hens in the full-trap nest 
was significantly lower than for the other treatments. As no training program 
was practiced there were many floor eggs. Percentage of floor eggs was greatest
for the full trap hens so the lower production may be the result of lost floor 
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eggs. Hens appeared to prefer the as, C5, and CDS nest types using low floor 
egg production as the criterion. Broken eggs were more numerous, however, for 
these nest types. 

In Experiments 2 and 3, as in the first study, the semi-trap, nest in comparison 
to the community nest type, tended to have more broodiness, fewer broken nest 
eggs, higher egg production and more floor eggs. 

Nest comparisons - shavings vs. turf 

Statistically significant differences between nest treatments were detected 
for egg production, broodiness, percentage of broken eggs, and floor egg produc
tion (Table 5) in Experiment 4. 

Egg production was significantly greater for the CTR group as compared to the 
STR treatment. Production by STR was low throughout the study and not explained 
by a high rate of broodiness. A bias may be present in the egg production data 
as this treatment had a very high incidence of floor eggs. Lost floor eggs and 
undetected broodiness could perhaps account for the difference in production 
rates. 

The rollaway nests (STR and CTR) appeared to discourage broodiness somewhat and 
to reduce the amount of egg breakage. The turf-rollaway floor in the community 
nest decreased egg breakage below that of the semi-trap (S5) reversing a trend 
seen in other experiments where egg breakage was always greater in the community 
nest when shavings were used. 

In Experiment 5 both the semi-trap and community nests were compared with sha
vings or with a turf-rollaway bottom (Table 5). No differences were detected 
for egg production over the 20 weeks of production. The lowered egg production 
by the STR nest seen in Experiment 4 was not observed in this study. 

Nest type significantly affected egg breakage, floor egg production and broodi
ness. The turf-rollaway floor reduced egg breakage and broodiness. Floor egg
production was greater with the rollaway floor in both nest types. The results 
agree partially with that of Experiment 4, i.e. higher floor egg production with 
the STR nest but not with CTR which had the lowest level of floor eggs in 
Experiment 4 but not in Experiment 5. 

Production differences between the semi-trap and community type nests did not 
completely favor one nest type over another and the results were modified by 
nesting material. Egg production by the semi-trap nest tended to be greater but 
the incidence of floor eggs and broodiness was greater. The community nest 
tended to have a larger number of broken eggs. The turf material in combination 
with rollaway floor reduced broodiness and egg breakage but increased the inci
dence of floor eggs. 
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Table 1. Relationship of dietary lysine content and reproductive performance 
(20 weeks) of large white turkey hens1 

Experiment 

1
 

2
 

Dietary level 
Protein Lysine 

% % 

12	 .32
 
.50
 
.68
 

14	 .38
 
.53
 
.68
 

15.72	 .78
 

11	 .29
 
.34
 
.41
 
.51
 

14	 .36
 
.41
 
.51
 

.67
 

Egg pro
duction 

% 

51.5 
55.0 
53.3 

52.9 
52.3 
51.5 

57.4 

51.9 
53.2 
53.1 
56.8 

53.6 
54.3 
58.1 

52.5 

Egg 
weight 

g 

85.9 
88.5 
86.7 

87.6 
89.2 
88.6 

89.4 

85.0 
86.4 
85.9 
86.9 

87.3 
87.3 
87.5 

88.4 

Body 
weight 
change 

-
-
-

-
-
-

-

kg 

.96
 

.43
 

.40
 

.56
 

.20
 

.32
 

.48
 

-1.50 
-1.18 
- .99 
-1.04 

-1.27 
-1.05 
- .78 

- .63 

Feed 
intake 
g/day 

218
 
228
 
230
 

216
 
233
 
225
 

250
 

204
 
214
 
215
 
212
 

203
 
215
 
218
 

232
 

Lysine 
; ntake 
g/day 

.70
 
1.14 
1.57 

.82
 
1.24 
1.53 

1.95 

.59
 

.73
 

.88
 
1.08 

.73
 

.88
 
1.11 

1.56 

14 and 6 pens per diet for Experiments 1 and 

2Corn-soy control diet 

2, respectively 
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Table 2. Effect of breeder protein level on 20-week reproductive performance1 

Body 
Egg pro- Egg Hatch- Feed con- weight 

Breeder duction weight Fertility ab i 1i ty sumption change 
dietary treatment (%) (9) (%) (%) (g/day) (kg) 

1.	 Control (15.7% 
protein) 54.4 87.9 90.0 85.8 247 - .72 

2.	 Low protein 
(10.5% protein) 51.7 83.8 87.7 84.2 229 -1.30 

3.	 As 2 + .15% 
lysine 56.0 83.6 88.3 86.0 242 - .81 

4.	 As 3 + .07% 
methionine 57.9 84.4 89.3 85.1 240 - .98 

112 pens per diet 

Table 3. Effect of breeder protein level on 20-week reproductive performancel 

Body 
Egg pro- Egg Hatch- Feed con- weight 

Breeder duction weight Fertility ab i 1i ty sumption change 
dietary treatment (%) (g) (%) (%) (g/day) (kg) 

1. Control	 52.8 91.3 73.8 82.0 242 -.60 

2. Phase protein 52.8 89.5 71.8 82.5 238 -.73 

124 pens per diet 
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Table 4. Effect of nest type with wood shavings for nest material on 20-week 
reproductive performance of large white turkey breeder hens1,2 

Proportion
Egg pro- Broody Broken of floor 

Experiment Nest type duction hens eggs eggs
-----------------%---------------

1 Full - trap (F 5) 
Semi-trap (55) 
Open (aS) 
Community (CS) 
Community-door (CD5) 

48.3 
56.6 
58.8 
53.2 
56.8 

8.7 
8.4 
6.2 
5.0 
4.5 

.8 
1.5 
3.2 
2.6 
2.4 

47.3 
28.8 
13.4 
16.5 
25.9 

2 Semi-trap (55) 
Community (C5) 

53.4 
52.3 

3.3 
2.1 

1.9 
3.0 

18.9 
16.7 

3 Semi -trap (55) 
Community (C5) 

54.8 
53.6 

14.6 
12.2 

2.0 
2.5 

20.0 
14.3 

lExperiment 1 summarized over 24 weeks 
2Number of pens per nest type was 10, 24, and 24, respectively, for Experiments 
1, 2, and 3 

Table 5.	 Effect of nest characteristics on 20-week reproductive performance of 
large white turkey breeder hens. l 

Proportion
Egg pro- Broody Broken of floor 

Experiment Nest type duction hens eggs eggs
------------------%---------------

4 Semi -trap, 
shavings (55) 55.3 9.9 2.8 28.9 

Semi-trap, turf, 
rollaway (STR) 51.8 4.6 1.0 59.2 

Semi-trap, turf (5T) 54.0 8.4 2.6 35.9 

Community, turf, 
rollaway (CTR) 58.9 5.9 1.6 20.6 

5emi -trap, 
shavings (55) 53.1 15.2 2.6 29.6 

5emi-trap, turf, 
roll away (5TR) 54.8 5.7 .9 51.4 

Community, 
shavings (CS) 50.7 10.3 3.5 14.8 

Community, turf, 
rollaway (CTR) 52.5 5.2 1.5 33.0 

112 pens per nest type. 
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SEASONAL EFFECT OF FAT SUPPLEMENT IN BREEDER DIETS 

SUMMER VS. WINTER
 

R. M. Hulet
 
Virginia Tech, Poultry Science Dept.
 

Blacksburg, VA 24061
 

The annual uninterrupted marketing and processing of tur
keys has dictated year-round production of poults. However, 
egg production by turkey hens has characteristically been less 
for summer flocks than for flocks producing eggs during the 
remainder of the year. To explain this seasonal variation many 
factors should be considered including environmental temper
atures, food consumption, weight loss and diet. 

Temperature, food consumption, and diet are closely 
related. As ambient temperature increases above the so-called 
comfort zone, turkeys exhibit two progressive and character
istic responses. Because of a reduced requirement for mainte
nance, there is an initial decrease in food consumption. As 
the ambient temperature continues to increase, hens simply 
refuse to eat. Contrary to broiler breeders, turkey hens lose 
weight during the egg production season (Cherms et al ., 1976). 
Robel (1984) suggested that by dietarily maintaining body 
weight, egg production could be increased. He reasoned that 
feed intake of turkeys is not sufficient to maintain both body 
weight and egg production. Horani and Sell (1977), Potter et 
al. (1978), and Grizzle et ala (1982) reported no signif
icant increase in egg production using either 2, 4, or 6% added 
fat. A recent publication by Harms (1984) indicated an 
increase in egg.production and decrease in feed consumption by 
addition of 8% added fat (Table 1). 

Table 1.	 Performance of turkey hens fed diets with zero and 
8% added fat.* 

Feed Energy 
Added Consumption/ Consumption/ Body Egg 
Fat Number hen/day hen/day Weight Weight 
(%) Eggs/hen (g) (Kcal M.E.) (kg) (g) 

0 44.7 222	 649 8.9 83.4 

8 58.3 189	 622 9.1 83.2 

*Harms (1984) 
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In a study analyzing the effects of fat supplementation on 
feed restricted hens during the summer Hulet and Brody (1984) 
found increased egg production with 10% added fat diets (Table 
2). 

Table 2.	 Egg production and egg weight of turkey hens fed 
either 1% or 10% added fat during a 10 week 
production period. 

No. Eggs/hen ~ Weight ill 
1% Fat 10% Fat 1% Fat 10% Fat 

Ad libitum (AL) 28. Oa~,;, 35.6b 86.3 83.3 

80% of AL 23.8a 26.68 81.5 79.0 

60% of AL 12.7
a 

17.2b 
77.0 78.3 

*Statistical differences at <.05 level within rows are 
indicated by different letters. 

Egg production was consistently increased by the addition of 10% 
added fat to breeder .diets while no consistent effect on egg 
weight was found. Feed consumption, however, decreased signif
icantly in the full fed hens from 284g to 218g when fed the 10% 
added fat diet. 

Based on the results obtained with the summer flock, an 
experiment to determine the effect of added fat in a winter 
flock. After a preconditioning light regime, hens were photosti 
mulated (14L:10D) at 26, 28, 30 or 32 weeks of age and given 
either a 1% or 10% added fat breeder diet ad libitum. There were 
four replicate pens per treatment, with 10 hens/pen. All hens 
were trapnested. 

Age at sexual maturity, eggs per hen, weekly mean egg weight 
every fourth week, feed consumption, and number of eggs/kg feed 
were recorded. Broody behavior was also monitored, with hens 
showing broody behavior placed in wire broody coops for a three 
day period. Birds were kept in production for a 22-week pro
duction period. 
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The results for the winter flock showed that fat 
supplementation had no effect on egg-production or egg-weight 
(Table 3). 

Table 3.	 Winter time egg production and egg weight of fat 
supplemented hens in 22 weeks of production. 

1% added fat 10% added fat 

Eggs/bird/week (1-10 weeks) 3.85 3.98
 
Eggs/bird/week (11-22 weeks) 3.17 3.21
 
Total eggs/bird/22 weeks 76.24 77.47
 
Mean egg weight (gms) 85.77 87 .16
 

While no effect on egg number or weight was observed, there 
was a significant decrease in feed consumption by hens fed the 
higher energy diet (Figure 1). The dietary energy (Kcal/Kg ME) 
for the 1% added fat and 10% added fat breeder diets was 2903 and 
3338 Kcal/Kg ME or 1317 and 1514.5 Kcal/lb. M.E., respectively. 
Feed consumption for the the birds fed the high fat breeder diet 
was decreased by 18% compared to the hens fed the 1% added fat 
diet during the winter time. 

2.0  FAT FEED = x
 
REGULAR FEED = 0
 

- (3 week overages used) 
0 

0 0 0 0 00 01.8 - 0 
00 

'"' - 0	 00' 
~ ..., 

x 0	 0 0 0ci 1.6 - 0 0	 x0	 x xQ:	 x0	 x xx x	 x xiii - 0 x
Q: x
LU 
Q.	 x 

1.4 -	 x x x 
0	 x x XL\J )(
L&J Xu. -

1.2 

-
I	 I I 11.0 • •	 • I I I • • • • • , I , I , • • 

0 2	 4 6 8 10 12 14 16 18 20 22 
WEEK OF PRODUCTION 

Figure 1.	 Feed per bird for turkey hens fed either 1% added fat (Regular 
Fed) or 10% added fat (Fat Fed) through an egg production 
period. 
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In conclusion, more work is needed to determine the action 
of dietary fat on egg production and to determine the optimum 
levels of fat for breeder diets. However, increased energy does 
appear to increase egg production during the summer and decrease 
feed consumption with no detrimental effect on egg production 
during the winter. 
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FACTORS AFFECTING BROODINESS IN TURKEYS 

M.E.	 El Halawani, S.C. Fehrer and B.M. Hargis 
University of Minnesota, St. Paul 

Broodiness is a major contributor to poor reproductive performance 
of breeder turkey hens. The decline in farm income associated with 
broodiness results from loss in hatching egg production and added 
labor needed to conduct a broody treatment program. 

It t s clear from many studies and from practical experience that 
numerous factors can i nfl uence broodiness in turkeys. The magn i
tude of broodiness is affected by the season of the year, housing 
conditions, age of hens, the genetics of the flock and the daily 
management of the flock. Also, it is clear that broodiness con
tinues to be a problem in the turkey breeder business. 

Hormones and Broodiness 

Prolactin (PRL) is the hormone long suspected in broodiness. The 
PRL level in the blood of a broody hen is about 4-fold greater than 
the PRL level in laying birds. The level of prolactin changes dra
matically during the reproductive cycle of breeder hens (Burke et 
al., 1981; Fig. 1). Before photostimulation PRL levels are low but 
within 7-16 days after the onset of photostimulation the levels 
begin to increase. These blood levels increase steadily until the 
birds come into lay. The levels then tend to stabilize for a 
variable period of time. Hens that continue laying maintain steady 
PRL levels week after week. However, hens that become broody show 
sharply rising PRL levels. Once broodiness is established the PRL 
levels remain very high. Circulating luteinizing hormone (LH) 
levels, a pro-gonadal hormone, follow the opposite pattern. The LH 
levels remain high before the onset of broodiness and a day or two 
before broodiness is established circulating LH levels decrease to 
their lowest levels. A dramatic decrease in feed consumption 
occurs in association with the onset of broodiness. Thus, a rela
tionship between broodiness and PRL in the turkey is clearly 
established, but it is not clear whether the increase in PRL is the 
cause of broodiness or a result of it. 

Brain Neurochemicals and Broodiness 

While broodiness is closely regulated by PRL, it is also known that 
PRL is regulated by brain chemicals called neurotransmitters. We 
investigated the changes in brain neurotransmitters in relation to 
the reproductive cycle in breeder hens (E1 Halawani and Burke, 
1976; Table 1). Following exposure to a stimulatory photocyc1e, 
the oviduct and ovarian weights increase. This is associated with 
an increased turnover rate in two neurochemi cal s namely, norepi
neph ri ne and epi nephri nee As breeder hens become broody, the 
ovaries and oviducts undergo marked regression. Dopamine turnover 
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rate is increased in turkeys that are just becoming broody. On the 
other hand, serotonin turnover rate is greatly increased in long
term broody hens (hard broodies), but not in those just becoming 
broody. These results implicate serotonin in the cessation of 
gonadal function and egg laying when hens become broody. 

Nesting and Broodiness 

One of the main characteristics of broodiness is an increase in the 
amount of time a hen spends nest i ng. As ment ioned above, PRL 
levels increase at the time of increased nesting frequency. 
Thereafter, the 1eve1s markedly increase and rema in el evated as 
long as the breeder hen continues to be broody. Removal of broody 
hens from thei r nests and home pens and confi nernent ina sl atted 
floor broody coop or in individual wire cages causes a drop in cir
culating PRL levels within 24 hours. The PRL levels remain low as 
long as the hens are away from their home pens. 

In another study we found that breeder hens raised in cages exhi
bited a different PRL profile than the floor raised turkeys (El 
Halawani et al., 1984; Fig. 2). Cage reared breeder hens have 
consistently lower levels of circulating PRL than the floor reared 
turkeys. Moreover, none of the caged turkeys became broody and all 
hens cont i nued to 1ay. These resul ts point to the importance of 
nests in the management of broodiness. 

Ambient Temperature and Broodiness 

Breedermen have long recogn i zed the poor reproduct i ve perfonnance 
of turkey breeder stock during the summer months. High ambient 
tanperature adversely affects reproduct t on and is suspected to be 
responsible for the reduced reproductive efficiency during the 
sunmer season. 

A study was designed to investigate the effects of ambient tem
perature on broodiness and circulating PRL and LH levels (El 
Halawani et al., 1984; Fig. 3). Breeder hens were maintained under 
arnbient temperatures of 5DoF (IDOC) or 86°F (30°C) during their 
reproductive life cycle. Turkey hens reared at 86°F were the first 
to come into production following the onset of photostimulation. 
A11 the bi rds rai sed at the higher temperature became broody. 
These birds also showed an accelerated increase in PRL level during 
laying and broodiness. On the other hand, breeder hens reared at 
50°F came into lay later than those raised at 86°F, but continued 
1ayi ng throughout the experimenta1 peri od , not becomi ng broody. 
Circulating PRL levels of the 50°F group increased following the 
onset of photostimulation, but remained significantly below the 
levels of the 86°F group. These findings implicate high ambient 
temperature with broodiness in breeder turkeys. 

Genetic Selection and Broodiness 

Broodiness and intensity of lay, the two major determinants of egg 
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production in turkeys, are heritable (Nestor, 1972). Nestor (1982)
has reported a decrease (19 days) in the total days lost from 
broodiness following 7 generations of selection. This was asso
ciated with an average increase of 11.7 eggs per hen. However, the 
selection for decreased broodiness and increased egg production was 
accompanied by 1.7 lbs and 1.0 lbs decreases in body weight for 
males and females, respectively, at 24 weeks of age. 

Control of Broodiness 

A better way needs to be developed to control broodiness, si nce 
selection for reduced broodiness also reduces body weight and mana
gement procedures to discourage hens from becoming broody are time 
consuming. A relationship between brain chemicals, the state of 
broodiness, and the association between high circulating PRL and 
broody behavior were discussed above. These findings taken 
together led to the conclusion that serotonin controls blood PRL 
and may be i nvo1ved in the cessat i on of gonada1 funct i on and egg
production when hens become broody. An experiment was conducted in 
which parachlorophenylalanine, a serotonin depletor was admi
nistered to broody hens (El Halawani et al., 1983). The results 
presented in Fig. 4 show that when parachlorophenylalanine was 
given to broody hens it prevented nesting and circulating PRL 
levels fell rapidly. The PRL levels remained low until the birds 
came back into lay when their circulating PRL increased slightly. 
There was an increase in circulating LH after the drug treatment. 

The results demonstrate that parachlorophenylalanine suppresses
raised blood PRL levels, decreases nesting frequency and increases 
LH 1eve1sin broody turkeys. Thi s effect i s associ ated wi th a 
return to a functional ovary characteristic of a laying turkey. 
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Table 1.	 Brain neurotransmitters turnover rate of turkey hens 
during various phases of reproductive activity 

Dopamine Norepinephrine Serotonin 

Lay; ng hens 1.05 + .51a 0.82 + .14 1.18 + .23a 

Transitionally 
Broody 3.00 + .73b 0.67 + .oa 1.39 + .0Sa 

Broody 1.34 + .27a 0.71 + .09 3.70 + .oab 
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Enteritis in avian and mammalian species could be caused by a 
variety of infectious and noninfectious agents. Among the infectious 
agents, bacterial enteritis has been studied extensively. In the last 
decade, many viral agents were identified as causes of enteritis in 
mammalian species. Research on viral enteritis in poultry has been 
lagging a little, but in the last few years interest in this area has 
increased. 

In this report, information is presented on the detection of 
viruses associated with enteritis in turkey poults. Also presented is 
information on the pathogenicity of selected viral isolates. 

Intestinal contents from 36 flocks were submitted to our 
laboratory from Arkansas, California, Indiana, Iowa, Minnesota, 
Nebraska, North Carolina, Ohio, and Wisconsin. The samples originated 
from 10-21 day-old poults experiencing diarrhea, variations in size 
and increased morbidity and mortality. 

Electron microscopy, immune electron microscopy and 
polyacrylamide gel electrophoresis were the techniques used for 
detection of these viruses. Bacterial isolations were attempted from 
all the samples submitted using standard bacteriological procedures. 

Viruses were detected in 35 of 36 samples submitted. A rota
virus-like agent (RVLA) was the most common virus associated with 
diarrheal outbreaks in the samples examined, occurring in 65% of the 
flocks. Other viruses detected, in order of prevalence, were 
astroviruses, reoviruses , rotaviruses and enteroviruses. Very few 
samples had only one type of virus alone. Salmonella was isolated 
from only one of 36 samples submitted. 

By electron microscopy, RVLA were morphologically 
indistinguishable from rotaviruses; however, immune electron 
microscopy was useful for differentiation of these two viruses. 
Turkey rotavirus reacted with antisera to porcine and bovine 
rotaviruses, whereas turkey RVLA did not. The RVLA was found to 
possess an RNA electrophoretic migration pattern different from that 
of conventional rotaviruses or reoviruses. 

With the exception of coronaviruses (blue comb) and adenoviruses 
(hemorrhagic enteritis), little is known about the pathogenicity of 
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the other viruses detected. Studies are in progress in our laboratory 
in this area. 

Several experiments indicated that a combination of an astrovirus 
and RVLA caused a profuse diarrhea in 2-week-old specific pathogen 
free poults accompanied by shedding of both viruses. Younger poults 
had a milder diarrhea when exposed to these agents. Rotavirus alone 
was associated with a very mild diarrhea. 

It should be emphasized that viruses similar to those reported 
here have been associated with enteritis in mammalian species. Our 
knowledge is rather meager on the epizootiology, pathogenesis and 
control of enteric viruses of turkeys. The tools are currently 
available to investigate these problems and certainly in the near 
future more information on this problem will be generated. 
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Salmonellosis in poultry is caused either by the host adapted serotypes: 
~. zallinarum and ~. pullorum which may rarely infect man or by non-host 
adapted types which are very often pathogenic for man. Eradication programs 
for ~. zallinarum and ~. pullorum have been successful and on the whole they 
have resulted in the elimination of these serotypes from the poultry industry 
in u.S. Salmonellosis by non-host adapted serotypes is a major public health 
problem in the U.S. and many other countries. According to one estimate, 
approximately 2500,000 persons in the U.S. are affected each year by 
Salmonella and costs Americans up to $1.2 billion a year in medical expenses. 
About 30% of the outbreaks reported during the past seven years were poultry 
and egg related. 

Economically salmonellosis presents a serious problem to the poultry 
industry through mortality and morbidity in birds. The poultry industry is 
highly integrated in the U.S. Few primary breeding companies produce almost 
all the multiplier breeding stock sold in this Country. The multiplier 
breeders in turn are responsible for the production of commercial meat and egg 
type birds. Any salmonella which gains access to the breeder hen at any time 
has the capability of being transmitted to the next generation. Once 
established in the succeeding generation it may then be passed to the next and 
then to the next generation and so on. Salmonellas are transmitted through 
the egg. Vertical transmission of salmonella via the egg from an infected 
breeding flock which invariably shows no clinical signs, to the off-spring is 
probably the greatest .danger. 

It is the usual practice under commercial conditions at the hatchery to 
inject day-old turkey poults with antibiotics to control the losses from 
salmonella infection. Unfortunately, these antibiotic injections do not 
eliminate the organisms but only reduce the mortality caused by the infection 
(1). Antibiotic prophylaxis or treatment can cause drug resistance and may 
produce the carrier state (2). The administration of adult microflora to 
day-old birds has proven to be protective against colonization by salmonella 
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(3, 4). However, such a product would have to be free of other disease 
producing agents and purified before it can be commercialized. Prophylactic 
vaccination is another possible method of prevention of salmonellosis. 

There are two basic requirements for the large scale use of prophylactic 
vaccines. The vaccines must be both safe and eftective. The effectiveness of 
a vaccine may vary with the method of its preparation. Adjuvants of many 
types from alum through oil emulsions to polynucleotides have been used in a 
variety of diseases and with adjuvant vaccines, the height of antibody 
response is considerably greater than with aqueous vaccines. In particular, 
oil emulsion vaccines impart a longer lasting immunity than obtained with 
aqueous conventional vaccines. 

Research work was conducted by the staff of the Avian Disease Program at 
the College of Veterinary Medicine on the use of oil adjuvant vaccines for the 
control of Salmonellosis in turkeys. Laboratory and field studies indicate 
encouraging results on the use of these vaccines. In the following one such 
field study which was conducted is described with its results. 

Vaccination for salmonella with a mineral oil adjuvant vaccine was 
examined in turkeys. The two main objectives were 1) to determine whether by 
vaccination it is possible to prevent salmonella infection of breeder flocks 
from their contaminated environment and 2) to examine whether it is possible 
to obtain salmonella free progeny from salmonella infected turkey breeder 
flocks. 

A breeder/hatchery operation where salmonella infection of a particular 
serotype (~. san-diego ) was self perpetuating in a cycle was selected. The 
breeder flocks in this facility were composed of grand parent and parent 
birds. The yearly operation involved approximately 26,500 breeder replacements 
and 20,700 breeders. The breeders were housed in 3 different locations. The 
breeder replacements were brooded for 4 months and then selected and moved to 
three breeding farms. 

A comprehensive study of this breeder/hatchery operation showed evidence 
of cycling of salmonella infection. This was indicated by the isolation of 
the same serotype from live birds, their environment, hatchery debris and 10 
day mortality. Breeder replacements produced from the operations own parent 
breeding stock served as a source of infection. 

An autogenous mineral oil adjuvant vaccine was prepared from the 
salmonella serotype .(~. san-diego) isolated from the breeder facility. The 
organism was grown in veal infusion broth at 370C for 48 hours and inactivated 
with formalin. Using a continuous flow Sorval centrifuge ,the bacteria were 
harvested and the broth was discarded. Resuspension of bacteria was done in 
0.85 % normal saline and concentration was adjusted to 0.25% transmission at a 
wavelength of 540. After the sterility of the suspension was checked, it was 
then mixed with mineral oil and Arlacel. This mineral oil adjuvant vaccine of 
~. san-diego was used to vaccinate the birds. 
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Breeder replacements at 18 weeks of age were vaccinated following the 
official salmonella testing program. One hundred percent of breeder 
replacements(#22230) were vaccinated. They were then housed in the breeder 
barns where there was a consistant history of the presence of ~. san-deigo. 
The birds were given feed without animal by-products throughout the study. 
The vaccination was repeated once more at 10 weeks later. An extensive 
monitoring program on vaccinated flock and their eggs and progeny was 
instituted. Cloacal swabs from 10% of birds randomly selected were collected 
twice a month and examined for salmonella. During the laying cycle, hatchery 
debris, which included cull poults, infertiles, dead in shells, cloacal 
squeezings and fluff samples from each hatch, were monitored. The ten-day 
mortality in poults from the vaccinated flock was examined. Fifty random blood 
samples/flock vaccinated were examined for their serological response to the 
vaccine. 

The hatchery debris and progeny from vaccinated flock remained negative 
for ~. san-diego throughout the observation period. The breeder replacements 
were found negative for any salmonella on official test of the NPIP during the 
year. The height of antibody response was considerably greater in vaccinated 
breeders for~. san-diego. The enhanced antibody response to the mineral oil 
adjuvant vaccine seen in breeders in this experiment was assumed to result 
in increased degree of protection. The high antibody levels persisted at 
protective levels for considerably longer periods of time. 

The use of autogenous mineral oil adjuvant bacterins of salmonella appears 
helpful in eliminating those serotypes which are otherwise cycling in an 
integrated operation. 

Research is continued on the use of mineral oil adjuvant vaccine against 
infection by Salmonella hinshawii (Arizona). 
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Hemorrhagic enteritis (HE) is an acute viral infection of turkeys caused 
by Type II Adenovirus. The disease is characterized by massive hemorrhage in 
the intestinal lumen of the affected turkeys. The disease is seen in both 
range and confinement reared turkeys. Antibiotics, electrolytes, wormers, 
depopulation with clean-up and disinfection and many other approaches have 
been tried in the past to control the disease mostly without much success. On 
some occasions clean-up and disinfection following depopulation has diminished 
the severity of the disease in subsequent flocks. 

Vaccination against HE has been practiced for the past few years to 
prevent this disease. Vaccination is achieved by the drinking water 
administration of a turkey-spleen propagated virus of pheasant origin in four 
week-old turkeys. The virus contained in splenic homogenates from these 
turkeys is alive and when administered is capable of multiplying in the 
vaccinated birds. This virus multiplication is important to achieve a 
significant antibody response in the birds receiving the vaccine. 

Vaccination with splenic tissue homogenates, although considered to be 
effective, has many potential problems. The turkeys in which the vaccine is 
propagated must be free of transmissible diseases. If one fails to identify 
such diseases in the birds being used to prepare the vaccine, these diseases 
may be transmitted to the flocks(s) receiving the vaccine. This could result 
in a serious problem depending on the agent(s) being transmitted to the flock 
receiving the vaccine. In addition the vaccines are not often pretested and 
too little or too much virus may be given. 

Because of these risks many attempts to grow the BE virus in a tissue 
culture system have been made. Two years ago the USDA Regional Poultry 
Research Laboratory (RPRL) at East Lansing, Michigan developed a procedure to 
propagate HE vaccine virus in cell culture. The cell line used is a white 
blood cell line of turkey origin. Laboratory evaluation of this cell culture 
HE vaccine has established its efficacy and safety. Repeated use of this 
vaccine at the RPRL has revealed it is safe and effective. Poults receiving 
100 tissue culture infective doses of vaccine were protected against clinical 
signs of the disease following challenge. The efficacy of their cell culture 
HE vaccine was recently evaluated for the first time in a field trial in 
Minnesota. The field trial was a cooperative effort between a commercial 
turkey producer, research workers from RPRL and the University of Minnesota. 

HETHODS 
The vaccine was field tested in 33,500 turkey poults in three separate 

buildings on the same farm. Birds in each building were divided equally and 
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placed on each end of the building with an entry-way between the ends. At 
four weeks of age, birds on one end of each of the three buildings were 
vaccinated with cell culture HE vaccine. The vaccine was administered in the 
drinking water. The other half of the birds in the three flocks were 
maintained as unvaccinated controls. The birds in both groups were monitored 
for antibody response, safety, livability and average body weights. The 
protection provided from the vaccination was determined by challenge studies. 
Fifty birds from vaccinated and unvaccinated groups were placed in isolation 
facilities at the University of Minnesota and were challenged orally with a 
virulent strain of HE virus. 

RESULTS AID DISCUSSlOR 
Serology indicated a good antibody response to the cell culture HE 

vaccine. The average livability in HE cell culture vaccinated birds was 2% 
better than unvaccinated birds. 

The average body weight at market time in the vaccinated birds was 0.36 
lbs. heavier than in the unvaccinated birds. No apparent adverse reactions 
were seen in birds given the vaccine. Vaccinated birds resisted experimental 
challenge. 

These encouraging results obtained from this field trial have prompted 
some laboratories to produce cell culture vaccine and field test it on a wide 
scale. 



-66

CARDIO-PROTECTIVE EFFECTS OF EXOGENOUS CORTICOSTERONE
 
IN TURKEY POULTS FED FURAZOLIDONE
 

Caroline M. Czarnecki
 
Department of Veterinary Biology
 

University of Minnesota
 

Round-heart disease (RHD) in turkeys is characterized by ventricular 
hypertrophy and dilatation. The syndrome arises spontaneously, but a 
similar condition can be induced in young turkey poults by inclusion 
of toxic doses of furazolidone (FZ) in the feed lJankus et a1., 1972; 
Czarnecki et a1., 1974). The etiology of RHD is unknown. 

Previous studies have shown that daily administration of cortisone 
acetate (CA) affords limited cardio-protection in both the spontaneous 
and drug-induced conditions. In an inbred group of poults from a 
flock of turkeys with a high incidence of spontaneous RHD, daily 
administration of 2 mg of CA significantly reduced mortality during 
the first 5 weeks post-hatch, delayed the time of peak mortality by 6 
days, and decreased the Lnc ide nce of cardiac dilatation (Staley et 
a l , , 1975). Subsequent studies in our laboratory (Czarnecki et a l ; , 
1980, 1983a) demonstrated that CA was effective in reducing the 
incidence and severity of cardiac dilatation in poults fed toxic 
levels of FZ. Adversely, CA significantly depressed body weight. 

In birds, the major corticosteroid is corticosterone (COS). Its 
effect on the development of cardiomyopathy in poults has not been 
reported. In this study the major objectives were: 1) to determine 
the effect of exogenous COS on the development of spontaneous 
cardiomyopathy in commercial poults during the second week post-hatch 
and 2) to evaluate the effectiveness of exogenous COS on the 
development of FZ-induced cardiomyopathy in commercial poults 2-5 
weeks of age. 

METHODS 

Sixty-three broad-breasted white toms of the Nicholas strain, obtained 
from a single hatch, were placed randomly in two pens. Beginning at 1 
week of age, poults in the experimental pen were fed a ration 
containing 20 mg of COS/kg of ration. Poults in the control pen 
received the same ration, but without COS. At 2 weeks of age, the 
poults were screened utilizing the electrocardiographic (ECG) technic 
developed by Jankus et a1. (1971) and modified by Czarnecki and Good 
(1980). Poults with abnormal ECG patterns in Leads I or II (aVF) were 
not used in the study. The poults (with normal EOG patterns) from 
each pen were placed randomly in two groups with 12 poults per group: 
control pen~I--maintained on control ration (control group) and 
II--maintained on a ration containing FZ at a dose of 700 ppm (FZ-fed 
group); experimental pen~III-~aintained on a ration containing 20 mg 
of COS/kg of ration (COS group) and IV--maintained on 8 ration 
containing 20 mg of COS/kg of ration and FZ at a dose of 700 ppm 
(FZ-fed COS group). 
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Body weights and ECG recordings were obtained on a weekly basis 
beginning at 1 and 2 weeks of age, respectively. Necropsy findings 
scored at time of death included: a) dilatation of ventricles (very 
severe, +4; moderately severe, +3; moderate, +2; slight, +1; none, 0); 
b) ascites \as); and c) anasarca (an). Data were analyzed using the 
Student's t-test. Hypotheses of no difference among control and 
experimental poults per age in ECG interpretations were tested by 
t-test corrected for continuity (Snedecor, 1967). P values ~ 0.05 
were considered statistically significant. 

RESULTS AND DISCUSSION 

Table 1 shows the mean body weights for all poults at 1 and 2 weeks of 
age and the ECG data for all poults at 2 weeks of age. No significant 
differences in body weights were apparent between the two groups of 
poults. Likewise, the incidence of abnormal ECG patterns did not 
differ statistically. During the second week post-hatch, two control 
poults died but there were no mortalities in the COS group. 

Table 2 shows the mean body weights and ECG data for poults 3-5 weeks 
of age. The mean body weights of poults in the COS group tended to be 
less than those in the control group at all ages studied, but these 
differences were not statistically significant. FZ treatment, either 
alone or combined with COS treatment, significantly depressed (p ~ 

0.001) mean body weights at all ages when compared to control poults. 
This effect of FZ on body weight has been documented previously 
(Czarnecki et al., 1974; Czarnecki and Jankus, 1975; Czarnecki and 
Sujarit, 1979). Significant differences in the ECG data were observed 
in the FZ-fed poults at 4 and 5 weeks of age when compared with 
control poults of similar ages. Incidence of cardiomyopathy in the 
FZ-fed COS poults was considerably less than that of the FZ-fed 
poul~s. At 4 weeks of age, 56% of the FZ-fed poults exhibited 
abnormal ECG patterns compared to 25% of the FZ-fed COS poults. By 5 
weeks of age, 78% of the FZ-fed poults were affected compared to 50% 
of the FZ-fed COS poults. During the fourth week post-hatch there 
were 3 mortalities in the FZ-fed group including one poult euthanized 
because of a splay condition. One poult from the FZ-fed COS group 
died during the fifth week of the study. In addition, 3 poults from 
this group died from the stress of being handled on the last day of 
the study before EeG data could be obtained. 

Table 3 summarizes the incidence of ventricular dilatation, ascites 
and anasarca in all FZ-treated poults. In individual poults, the 
extent of ventricular dilatation was greater in the right ventricle 
than in the left ventricle. This is in agreement with a previous 
study in which it was shown that in FZ-induced cardiomyopathy 
dilatation of the right ventricular lumen precedes that of the left 
ventricular lumen (Czarnecki et al., 1983b). Degree of ventricular 
dilatation was somewhat less in the FZ-fed COS poults than in the 
FZ-fed poults, but these differences were not statistically 
significant. Incidence of anasarca and ascites was comparable in both 
FZ-treated groups. 
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Results of this 8tudy indicate that COS is effective in delaying the 
onset and reducing the incidence of FZ-induced cardiomyopathy. Under 
the conditions of this Itudy cos is less effective in decreasing the 
extent of ventricular dilatation and in delaying mortality. COS had 
little or no effect on mortality or the development of abnormal EeG 
patterns in commercial turkey poults 1-2 weeks of age. These effects 
of COS are limilar to those reported for CA (Staley et al., 1975; 
Czarnecki et al., 1980, 1983a). 
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Table 1. Mean body weights ~g) for poults at 1 and 2 weeks of age and 
EOG data for poults at 2 weeks of age. 

Group! Body weight ECGB 
1 wk. 

I 119.4 ~ 2.8C(32)D 
II 112.7 ~ 2.2 (31) 

2 wks. 
I 253.1..:!:. 7.2 (30) N(27),NH(1),NT(1),RT(1) 
II 239.5 ±. 3.8 (31) N(27),Na(1),NT(l),RT(2) 

AI--control; II--corticosterone.� 
BECC: N--norma1, NH--norma1, high voltage on Lead Ij NT--normal� 

transitional; RT--round-heart transitional. 
CMean ± standard error of the mean. 
DNumber of poults. 

Table 2.� Mean body weights ~g) and ECG data for poults at 3, 4 and 5 
weeks of age. 
Group! Body weight ECGB 

3 wks. 
I 475.0 + lO.8 C(12)D N(12) 
II 451. 3 ~ 8.5 (12) N( 11) ,NT(1) 
III 372.8 ±. 15.6 (12)** ~(ll),Na(l) 
IV 349 .4 :!:. 7. 9 (12) ** N(11) ,R( 1) 

4 wks. 
I 810.4 ±. 37.6 ( 12) N( 12) 
II 763.3 ±. 13.4 ( 12) N( 12) 
III 502.1.±. 19.0 (9)** H(4),HJ!(1), 

RT(1),R(3)* 
IV 458.8~19.1 ( 12)** N(9),RT(1),R(2) 

5 wks. 
I 1345.3 ±. 54.5 ( 12) N( 12) 
II 1243.5 ±. 19.7 ( 12) ~( 12) 
III b54.8 ±. 28.3 (9)** ~(2),RT(2),R(5)** 

IV 625.4 ±. 22.8 (8)** 14(4),RT(2),R(2) 

AI--contro1; II--corticosterone; III--FZ-fed; IV--FZ-fed 
corticosterone. 

BEOG: N--norma1; ~H--normal, high voltage on Lead I; NT--norma1 
transitional; RT--round-heart trans1tiona1; R--round-heart. 

CMean ± standard error of the mean.� 
DNumber of poults.� 
*Significantly different from control group: *p ~ 0.05, **p ~ 0.001.� 
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Table 3.� Incidence of ventricular dilatation, ascites and anasarca 
in FZ-treated poults. 

Ventricular DilatatioDA 
0 +1 +2 +3 +4 

GroupB RV LV RV LV RV LV RV LV RV LV asC anD 

III I*E I*E 0 4 5 2 2 3 4 2 6 2 

IV 3 3 1 2 2 6 2 1 4 0 7 2 

AVentricuiar dilatation: O--none; +l--slight; +2-~oderate; 
+3-~oderately severe; +4--very severe. 

BIII--FZ-fed; IV--FZ-fed corticosterone. 
CAscites. 
DAnasarca. 
ENumber of poults; *poult euthanized (splay). 
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REGULATION OF AVIAN GASTRIC FUNCTION 

Gary E. Duke and Harold E. Dziuk� 
Department of Veterinary Biology� 

University of Minnesota� 
St. Paul, Minnesota 55108� 

In recent years our studies of digestive function in turkeys have 
evolved from attempts to describe digestive processes into 
investigations of the regulation of these processes. Some of this work 
has been previously summarized (Duke 1981,1982). 

The function of the gastric apparatus has long been of special 
interest to us (e.g. Duke et al., 1972; 1975; Dziuk and Duke, 1972) and 
it continues to be. Gastric secretion and contractile activity (i.e., 
motility) may be under three general phases of regulation: cephalic, 
gastric, and intestinal. The cephalic phase occurs when an animal 
"senses" (visually, via olfaction, et c , ) that it is about to eat or is 
eating. The gastric phase is initiated by food arriving in the stomach 
and the intestinal phase is activated by the arrival of food in the 
duodenum. This regulation may occur via either nerves or hormones. 

In the past we've examined cephalic (Duke et al., 1976; Duke and 
Evanson, 1976), gastric (Duke et a1., 1977), and intestinal (Duke et 
a1., 1972b; Duke and Evanson, 1972) phases in the regulation of gastric 
motility. Our more recent studies have been designed to examine 
cephalic and gastric phases of gastric secretion and the effect of avian 
pancreatic polypeptide (aPP) on gastric secretion and motility. Since 
aPP is released from the pancreas into the bloodstream after an animal 
eats, it is believed to be involved in the gastric and/or intestinal 
phase of regulation. Mammalian research has found that pancreatic 
polypeptide (pp) may depress pancreatic and biliary secretion but it has 
no effect on gastric secretion or motility. There have been only two 
previous studies on the effect of aPP on avian gastric function and 
these concluded that aPP stimulates gastric secretion (Hazlewood et a1., 
1973) and depresses motility (Duke et al., 1979). In these avian 
studies aPP was administered intravascularly (i.v.) as a single bolus 
and since administration via a constant i.v. infusion is currently 
believed to be more physiological, these studies may not have provided 
evidence of the actual function of aPP. We decided, therfore, that this 
work should be repeated using infused aPP. 

We prepared SCWL hens with a cannula in the jugular vein for 
infusing aPP, a cannula in the proventriculus to allow collection of 
secretions, and a tiny strain gauge transducer implanted on the gizzard 
to permit detection of contractile activity (Duke et a1., 1984). After 
recovery from the surgery, the birds were fasted for 24 hours in order 
to reduce the level of aPP in the blood to a basal level, and then 
either physiological saline (a control infusate) or an aPP solution was 
infused. aPP was infused at a level of either 7.5 ng/ml of plasma, a 
low post-prandial level, or 15 ng/ml of plasma, a moderately high 
post-prandial level. 
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The contractile frequency of the gizzard was statistically 
significantly depressed by both the 7.5 and 15 ng/ml infusions. 
Contractile amplitude was also depresessed, but not significantly (Table 
1). Secretory volume was significantly depressed, but only at the 15 
ng/ml level of aPP. Secretrory volume during the 7.5 ng/ml infusion and 
pH and the concentration of pepsin at both aPP infusion rates were also 
depressed, but not significantly (Table 1). 

These findings differ from those of the earlier avian studies in 
which bolus injections were used. However, the present findings using 
an infusion of aPP probabty more true1y represent the actual role of aPP 
in regulation of gastric function. The present findings also differ 
from what is known about PP function in mammals. Because the upper 
portion of the avian gut is quite different structurally from that of 
mammals and also functionally with a crop for storage and a gizzard for 
mastication, it isn't too surprising to find these differences in 
regulation. 

A similar study is currently under way to determine the effect of 
infused aPP on pancreatic and biliary secretion in hens. 

Previous researchers have demonstrated that the sight of food 
initiated gastric secretion in ducks, geese and a barn owl, but this 
evidence of cephalic regulation could not be demonstrated in chickens 
(see Duke and Bedbury, 1984). The presence of food in the crop, 
however, did reportedly stimulate gastric secretion in chickens. Also, 
stimulation of the lateral hypothalamus, a brain area known to be 
involved in cephalic regulation of gastric function, with substances 
known to cause gastric secretion in mammals, caused secretion in 
chickens. The vagus nerves are involved in this secretory response in 
mammals, and vagal stimulation causes gastric secretion in chickens (see 
Duke and Bedbury, 1984). So, the mechanism for cephalic regulation of 
gastric secretion exists in chickens. 

To further study the cephalic phase we implanted cannulas in the 
proventriculus of several SCWL hens. The hens were fasted for 24 hours, 
then gastric secretions were collected with no food in view, food in 
view but covered by plexiglass, and with food available. 

Neither volume, pH nor pepsin content of gastric secretions was 
significantly changed when fasted birds were allowed to see food but not 
eat (Table 2). Thus, we could not demonstrate the existence of a 
cephalic phase of gastric secretion in chickens. When the hens were 
allowed to eat we did observe significant changes in gastric secretion 
(Table 2); this demonstrates 'a gastric phase of gastric secretion. 

In the early 1900's researchers suggested that the avian stomach is 
divided into three parts, the crop, glandular stomach and muscular 
stomach, with the crop being analogous to the cardia of the mammalian 
stomach. The close coordination of the contractile activities of the 
crop and stomach (Duke, 1984) also suggests that the crop might 
correctly be considered to be a portion of the avian stomach. 
Therefore, stimulation of gastric secretion in chickens by food in the 
crop, may actually be a demonstration of the gastric phase of gastric 



-73

secretion rather than the cephalic phase. In any case, the presence of 
the crop orad to the stomach may decrease the functional necessity for a 
cephalic phase of gastric secretion. 

Another factor that may also lower the need for a cephalic phase, 
particularly in chickens, is that chickens have been maintained for many 
generations with abundant food constantly in sight (if they chose to 
look at it). Perhaps through natural selection, the sight of food is no 
longer a pertinent stimulus in chickens. It is probably not an 
efficient use of bodily resources to have secretions released upon 
seeing food when food is in constant view. The existence of a cephalic 
phase of gastric secretion has not been examined in domestic turkeys but 
a cephalic phase of gastric motility has been demonstrated (Duke et a1., 
1976), and turkeys have not normally been maintained in cages with food 
in constant view. It would be interesting to investigate the cephalic 
phase in other galliforms, not maintained as chickens have been and in 
other species with well developed crops. 

There eventually will be significant advantages in knowing how 
digestive processes are regulated, and the relationship of hormones to 
this regulation seems especially important. Hormones that slow passage 
rate of food through the gut (aPP) or stimulate secretion of digestive 
enzymes could improve efficiency of utilization of diets. Hormones that 
stimulate appetite could be useful during anorexia. Recent research has 
discovered other hormones that influence intestinal absorption or 
secretion in mammals, these could be extremely useful during diarrhea. 
Feeding specific nutrients or combinations of nutrients that initiate 
release of hormones would avoid having to administer them. More 
information is needed, however, before we will be able to use hormones 
in this way. Thus, research such as described herein must continue. 
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Table 1.� Mean gastric contractile frequency and amplitude and 
volume, pH and pepsin content of gastric secretions during 
infusion (i.v.) of either physiological saline or aPP 
at two concentrations in chickens. 

Gastric Infusate (n=12) Infusate (n=16) 

Functions saline 7.5 ng/ml aPP saline 15 ng/ml aPP 

Contractions 

Freq. 1.14 ~ 0.55 0.35 ~ 0.15* 1.3 ~ 0.49 0.26 ~0.16** 

(no./min) 

Amp. (g) 50.4 ~ 11.9 31.3 ~ 9.5 36.5 ~ 5.61 21.9 ± 5.9 

Secretion 

Vol. 0.08 ± 0.09 0.05 ~ 0.05 0.01 .±. 0.08 0 .04 ~ 0.04* 
(ml/min) 

pH 2.13 .:t 0 .98 1.57 ~ 0 .14 1.61.±. 0.39 1.52 ~0.29 

Pepsin 2264 ~ 470 2207 .:t 849 2575 .±. 446 2449 ± 319 
(P.u.) 

*Mean during aPP infusion was statististically significantly 
different than the mean during saline infusion (P<O.Ol). 

**Mean during aPP infusion was statistically significantly 
different than the mean during saline infusion (P<O.OOI). 

Table 2: Mean (± standard deviation) volume (ml/min), pH and 
pepsin content (P.U./ml) of gastric secretions of chickens 
during three 20 min. periods designated "no food" 
(food not available following 24 hr. of fasting), "seeing 
food" (food pan in view but a plexiglass cover prevented 
feeding), and "eating food" (cover removed) 

No Food Seeing Food Eating Food 

Volume� 0.199a 0.219a 0.286b 
(+0.02) (+0.02) (+0 .02) 

pH� 1.948 1.87a 2.78b 
(+0.94) (.:!:.O .10) (+0.10) 

Pepsin� 3,308a 3,219a 2,625b 
(+115) (+126 ) (+164) 

Means in the same line with different superscripts are significantly 
different (P<O.05). 
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STUDIES OF DIGESTION IN YOUNG TURKEYS� 
WITH YUCCA SAPONIN ADDED TO THE FEED� 

H.E. Dziuk, G.E. Duke, R.J. Buck, and K.A. Janni1 

Departments of Veterinary Biology and� 
Agricultural Engineering1� 

University of Minnesota� 

It was previously reported (Johnston et al., 1981) that yucca saponin 
fed to broilers at 63 ppm resulted in significantly improved weight 
gains at 28 and 51 days of age. When yucca saponin was fed to broilers 
at 63 ppm in combination with monensin at 99 ppm or 121 ppm, yucca 
saponin did not significantly increase body weights at 51 days of age 
(Johnston et al., 1982); however, saponin improved feed efficiency of 
broilers when fed with 121 ppm of monensin. 

Saponin fed at low levels (31 or 155 ppm) increased egg production and 
reduced ammonia levels in the hen house (Rowland et al., 1976). Poults 
exposed to 200 ppm atmospheric ammonia had reduced feed intake and 
growth rate during exposure and subsequently had reduced egg production 
and increased mortality (Deaton et al., 1984). In poultry high 
concentrations of ammonia from the litter causes harm to the respiratory 
tract and increases susceptibility to respiratory tract infections. 
Turkeys exposed to 10 and 40 ppm ammonia had more virulent inhaled 
pathogenic Escherichia coli in their lungs, air sacs and livers than 
those poults not exposed to ammonia (Nagaraja et al., 1984). From these 
results, it was hypothesized that one mechanism of action of yucca 
saponin in improving performance in poultry might be the reduction of 
ammonia concentration in the atmosphere of the poultry house. 

The objectives of the present study were to determine effects of yucca 
saponin on several digestive functions in turkeys and to obtain 
information regarding the mechanism for the improved performance 
previously reported by others for broilers. 

MATERIALS AND METHODS 

Turkey Maintenance. Three trials were performed. Wrolstad Medium White 
male and female poults were used in the first and second trials. 
Nicholas Broad White female poults were used in the third trial. All 
poults were obtained from commercial sources at 6 weeks of age and were 
housed in cages in environmentally controlled roams. In the first trial 
29 turkeys were compared by establishing saponin vs. control (not fed 
saponin), cecectomized vs. intact, and male vs. female groups. In the 
second trial cecectomies were not done and 42 turkeys were separated 
into saponin vs. control and male vs. female groups. 
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In the third trial 68 female turkeys were divided into 6 groups as 
shown: 

Ration 
Group No. of Poults No. of cages (Saponin/Control) 

1 18 6 Saponin 
2 6 6 Saponin 
3 18 6 Control 
4 6 6 Control 
sa 10 10 Saponin 
6a 10 10 Control 

a [Groups 5 and 6 were maintained in a room in which 'ammonia was 
released from a tank at a rate to maintain an atmospheric 
concentration between 30 and 35 ppm.] 

Groups 1 and 3 were placed 3 per cage in order to study the effects of 
crowding. Groups 5 and 6 were exposed to ammonia for 5 weeks to study 
the effects of atmospheric ammonia. 

Yucca saponin was mixed in a ration (Table I) at 63 ppm. The 
concentration of ammonia was measured once each 2 days with an infrared 
ammonia meter. 2 Natural production of ammonia from excreta in the litter 
was minimized by daily removal of excreta which accumulated on the paper 
beneath cages. 

Measurements. In the first two trials food intake, water intake and dry 
matter excretion were measured over a 72-hour period each week for 8 
weeks. Body weights were determined weekly. In the third trial body 
weights, food consumption and food conversion were measured weekly for 6 
weeks. Data were statistically compared using weighted repeated 
measures in an analysis of variance. 3 

RESULTS 

Trials 1 and 2. Data on food and water intake, weight gain, food 
conversion and digestion coefficients are summarized in Tables 2 and 3. 
There were no significant differences in weight gains, food conversion 
and digestion coefficients when comparing male with female, saponin fed 
with control fed and cecectomized with intact groups of poults. Control 
fed female poults had a significantly greater average food intake than 
those fed the same ration containing 63 ppm yucca saponin, Table 2. 
However, there were no significant differences in food intake in the 
male groups. Saponin fed poults consumed significantly greater amounts 
of water than the control groups, Table 3, Trial 1. In Trial 2 water 
consumption was significantly lower in the saponin fed males when 
compared to the saponin fed females and the control fed male and female 
poults, Table 3. Cecectomized poults in the saponin fed and control fed 
groups consumed more water than the intact saponin fed and intact 

2Miriam 101, Wilks Scientific Corp., South Norwalk, CT. 
3BMDP Statistical Software, Program BMDP2V, University of 

California Press, Berkely, CA 1981. 
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control fed groups, Table 3, Trial 1. 

Trial 3. Saponin fed poults did not have significantly different 
average weight gains or food intakes when stressed by crowding (3 poults 
per cage) or by adding ammonia to the atmosphere (30 -35 ppm) and when 
compared to the nonstressed control groups, Table 4, parts A and B. 
During the last 5 weeks of the trial, there were no significant 
differences in mean values for food intake and weight gains between 
noncrowded poults exposed to 30-35 ppm atmospheric ammonia and 
noncrowded poults housed in a separate room without added ammonia, Table 
4, underlined mean values. 

DISCUSSION 

Although there were statistically significant differences in isolated 
groups in food and water intake, the important measures 'of production 
(weight gain and food conversion) were not improved by saponin feeding 
in poults at 6 to 14 weeks of age. Perhaps steroidal anabolic 
activities of the yucca saponin act only in sexually mature individuals. 
Cecectomy did not alter the saponin effect. It was anticipated, if 
saponin increases weight gains by improving microbial digestion, that 
cecectomy would eliminate part or all of the beneficial effect of 
saponin in the poult. The lack of response may indicate that saponins 
only alter weight gains in those species which derive major energy 
sources from microbial digestion. 

Poults which were crowded and exposed to atmospheric ammonia did not 
perform better when fed 63 ppm saponin than the control fed poults. 
Perhaps the stresses used in these experiments were not severe enough to 
bring about significant harm. 
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Table 1. Ingredients and calculated nutrient composition of ration 

Ingredient A Calculated nutrient composition4 

Corn, ground yellow 53.14 Dry matter (%) 89.53 
Soybean meal solvent 40.56 Metabolizable energy 2778.12 

Fish solubles SBM1 1.80 
(kcal/kg) 

¥rotein (%) 23.64 
Fermentation residue prod~ .18 Fat (%) 2.51 
DL - Methionine (99) .11 Fiber (%) 4.21 
Dicalcium phosphate 2.19 Calcium ~%) 1.09 
Calcium carbonGte 1.31 Phosphorus (Total ~) .84 
Sodium chloride 3 .40 Potassium (%) 1.02 
Vitamin mix (MTS-74) .20 Magnesium (%) .18 

Sulfur (%) .22 
Sodimn l%) .23 
Chloriue (10) .33 
iron (%) .03 
Copper (mg/kg) 14.76 
Manganese (mg/kg) ~1.b9 

Zinc (mg/kg) 83.3z 
Selenium ~mg/kg) .27 
Vitamin A (IU/kg) 9990.14 
Vitamin D3 (ICU/kg) 3306.90 
V1tamin E (IU/kg) 23.9'J 
vitamin K (mg/kg) 2.20 
Riboflavin (mg/kg) 7.31 
Pantothenic acid ~mg/kg) 17.33 
Niacin Av. (mg/kg) 68.14 
Choline (mg/kg) 1952.19 
Vitamin B12 (meg/kg) 9.01 
Folic acid \mg/kg) 1.20 
Vitamin Bo (mg/Kg) 7.09 

1 Fish solubles product is fish solubles dried on soybean meal at 100% 
equivalence (52% protein). 

2 Fermentat10n residue product, Fermact~ - 500 (Borden, Inc., 
Northbrook, IL). 

j Department of Animal Science, University of Minnesota, St. Paul, MN. 
~ Calculated from NRC feed ingredient tables, Nat~ Res. Council (1977) 

Nutrient requ1rements of poultry, 7th ed., National Academy at 
Science, Washington, D.C. 
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Table 2. Summary of 8-week performance for both
fPoulttrials 1 and 2 a, 

Saponin Control 

¥arameter Male (15) Female (21) Male \21) Female (14) 

Food intakeb 420 400x 416 41S Y 

Weight gainc 182 168 177 172 

Food conversiond 2.30 2.39 2.36 2.42 

Metabolizabil1ty .69 .66 .70 .68 
coefficiente 

a Means within rows with different superscripts are significantly 
different (p ~ .01). 

D,C gm/kg body weight - week. 

d� food intake 
weight gain. 

e 1 - f eca1 output 
food intake. 

:t Numbers in parentheses are the number of poults in the group. 



Table 3. Water intake in ml/kg body weight/day by turkey poults during an 8-week period in trials 1 and 2a 

Trial 1� 

~aRonin diet ~152b  Control diet (14)� 

l168W 1000X 

Cecectamized (7) Intact (8) Cecectanized (6) Intact (8) 

1304w 1049X 1186Y 860z 

Male \4) Female (3, l (6) Female (2) Male (3) Female(3) Male (6) ~·emale \2)Ylale 

1352 1240 1060 1018 1168 1205 851 932� 
I� 

I""""f 

co 
I� 

Trial 2� 

Saponin \21) Control (21)� 

Male (5) Female \16) Male (12) Female (9)� 

ts45W 932x 
946

x 923x� 

a� Means within rows with different superscripts are significantly different� 
\p ~  .01).� 

b Numbers in parentheses are the number of poults in the groups. 



Table 4. Summary of 5 to 6- week poult performance in trial 3a , d 

Part A, Effect ot poult density 

Saponin Control 

c3 poults/cage (18) 1 poult/cage (6) j poults/cage (18) 

W • h · be1g t ga1n 243 234 213 248 

bFood intake 500 511 471. 524 

Yart B, Effect of atmospheric ammonia 
I 

N 
00 Saponin (10) Control (10)
I 

Weight gain 210 20.:> 

Food intake 46ts 483 

1 poult/cage (6)� 

256 227� 

525 48b� 

a Mean values within rows were not significantly different. 

D gm/kg body weight - week. 

c Numbers in parentheses are the number of poults in the group. 

d Values which are underlined are means tor a ~-week period. 
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