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MAXIMIZING FERTILITY AT MINIMUM COST

K. I. Brown
Department of Poultry Science

Many producers of turkey hatching eggs still keep approximately 125 toms for
each 1000 hens housed. Recent advances in semen physiology render this practice ob-
solete and costly. In addition to being able to reduce the number of toms kept,
recent research data indicate that selection of males for high semen quality can re-
sult in substantial improvement in fertility.

The first and most obvious way to reduce the number of males is to select only
those which produce high volume, high quality semen. Table 1 (Brown and Nestor)
shows correlation coefficients (r) of semen traits and fertility. The correlation
between semen volume and fertility is 0.31 and between visual density and fertility
is 0.34. When these two are combined, the correlation with fertility is a highly
significant 0.45. This indicates that not only can the number of hens inseminated
per ejaculate be increased but that this kind of selection may increase fertility.

In another study conducted by Brown and Graham at the University of Minnesota,
the effect of selecting toms on the basis of percent motile spermatozoa on flock
fertility was studied. In this study, 160 toms were placed on 14 hours of light
about March 1. After 3 weeks on the stimulatory regime (14 hours per day), the se-
men from each torn was collected by aspiration into 2 ml. of buffer (Pipes-Tris) in
a 5 ml. ampule. The ampule was capped and placed in crushed ice.

At the time of collection, the collector visually rated the semen quality as
good, fair, or poor. This was a subjective rating based on the appearance of the
semen (i.e., color, density, volume) as it was collected. After collection, the
ampules were transported to the laboratory (Department of Animal Science, University
of Minnesota). At 4 to 6 hours after collection, the motility of each ampule was

Table 1.—Correlation Coefficients (r) of Semen Traits and Fertility in
Turkeys.

Traits Av.
Correlated (r)

Semen Volume
and Fertility *31*

Visual Density
and Fertility .31*

Semen Index
and Fertility

Semen Volume and
Visual Density

#P £.01.
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estimated and a visual rating of density was made. The motility was expressed as
percent motile spermatozoa and the density rating was 5 to 1, with 5 the highest
concentration.

The toms were ranked from 1 to 160, with the highest motility (75%) No. 1 and
the lowest motility (1%) No. 160. The 40 toms showing the highest motility were
placed in a separate pen designated as a high motility pen. The average motility
for this group was 65.8%. In the same way, the 40 toms showing the lowest motility
were placed in the low motility pen. The average motility for this group was 9.1%,
The remaining 80 toms were placed in the medium motility pen. The average motility
for this group was 44.1%.

•» • *

Flocks of 800, 1600, and 800 hens were inseminated for the entire season with
semen from the high, medium and low motility pens, respectively. Pooled semen sam-
ples were extended 1:2 and 1/40 ml. was inseminated at the normal frequency used by
the breeder (10 to 14 day interval).

The eggs were set in a commercial hatchery and candled at approximately 10 days
to determine fertility. Semen evaluation was made on each torn at the end of the
breeding season to determine correlations between early and late semen quality traits,

The fertility and hatchability for the season are shown in Table 2. The fer-
tility was 86.5%, 81.5%, and 72.4% for the high, medium, and low motility groups,
respectively. The semen quality had no significant effect on hatch of fertile eggs;
thus the percent hatch of all eggs set reflected the same difference as fertility.

A more meaningful interpretation of the data can be obtained from Figure 1,
where the percent fertility is plotted against weeks in production. This figure
shows that the initial semen evaluation predicted fertility quite accurately. The
fertility for the low group the first week was 39% vs. 72% for the high group.

The subsequent improvement of the low group may be partially explained by the
data in Table 3 which show the motility of semen from the three groups of toms at
the beginning and end of the breeding season. Thirty percent of the toms with ex-
tremely low motility at the first evaluation had switched over to motilities greater
than 40% at the end of the study. Likewise, 36% of the toms showing motility of
spermatozoa more than 40% at the beginning showed less than 40% at the end.

It has been shown (Table 4) that maximum semen quality and volume are not
reached until 6 weeks after lighting toms. Since the first semen evaluation was"
made 3 weeks after lighting in this study, it may be that some of those toms were
just late coming into production. Likewise it has been noted that persistence of
motility is inversely related to dilution rate. Thus, semen from those late starters
would be extended to a higher dilution rate and after 5 hours of storage tend to show
lower motility. However, it is also noted that a number of toms producing high mo-
tility samples at the first collection change over to lower motility at the end,
which indicates that switches occur both ways.

From these data it is postulated that if semen is evaluated once a month through-
out the season and inseminations made with semen from toms selected for highly motile
samples, it may be possible to maintain higher fertility throughout the breeding sea-
son. Further study is needed to determine if the decline in fertility late in the
season can be partially prevented with this procedure.

Table 5 shows the correlations between the three methods of semen evaluation.
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Table 6.—Effect of Collection Interval on Semen Characteristics.

Collection
Interval

2 Day

3 Day

U Day

6 Day

Volume
(ml.)

O.l8a

0.27b

0.28b

0.22a

No. Sperm per
Ejaculate (Bill.)

1.37a

1.95b

2.3Ub

1.97b

No . Sperm/
ml. (Bill.)

7.62

6.95

8.13

8.15

% Bent
Sperm

13. 7a

11. Ua

17. Ob

21. 8b

Means followed by different letters are significantly different at P <..01.

xTKe extremely high correlation between visual density rating I and motility rating I
of 0.778 and 0.579 for these factors at the II ratings is exceptional. This can be
partially explained by the previously mentioned inverse relationship between dilu-
tion rate and persistence of motility. It is gratifying to see that all correlations
made, with one exception, were highly significant. This confirms the results shown
in Table 1 and indicates that visual ratings of semen quality at the time of collec-
tion alone may result in improved fertility.

Another way to reduce the number of males required is to collect semen and in-
seminate every 3 days (Table 6). There were as many spermatozoa per ejaculate and
fewer bent sperm when collections were made every 3 or 4 days as when collections
were made at 6-day intervals. This indicates more frequent collections result in
higher quality semen. In addition, more spermatozoa were produced per 12-day inter-
val when semen was collected every 3 days than at any other collection interval ex-
cept the 2-day interval (Table 7).

Another way to reduce the number of toms required is to use a semen extender.
Table 2 shows the results when the Minnesota Turkey Growers Association extender was
used at a three-fold dilution rate. Using the high motility toms, the fertility was
86.5% and hatch of all eggs was 64,7% for the entire season.

Table 7.—The Number of Sperm per 12-Day Period with Four Different
Collection Intervals.

Collection Interval No. Sperm/12 Day
Period (Bill.)

2 Day

3 Day

h Day

6 Day

8.22U2

7-8132

7.3187

3-9506
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Based on the foregoing data, a number of procedures can be employed to reduce
the number of toms kept and therefore reduce the cost per poult. In addition, se-
lection of toms producing high quality semen may improve fertility and thus increase
the number of poults produced per hen. Several alternatives follow:

1. At the present time a hypothetical hatching producer with 6000 hens keeps
approximately 750 males. He collects semen and inseminates every 10 days. By di-
viding hi«s hens into three flocks and milking all males every 3 days, he could in-
seminate at 9-day intervals using only 250 males. The shorter collection interval
should improve semen quality and may increase fertility.

2. The above producer, in addition to collecting semen at 3-day intervals,
could extend the semen 1:2 with a commercial extender and further reduce the number
of toms required to 125. However, if semen is to be diluted, it is important to
have males producing high quality semen.

3. A third alternative would be to keep 250 toms and select 125 which produce
high volume, high motility semen at the beginning of the season. Each 4 to 6 weeks,
the semen from all males from both pens could be re-evaluated to insure that only
high quality semen was being used. This could result in higher fertility through-
out the season and at the same time provide additional toms in case an emergency
situation such as disease should arise.

Data presented in Tables 2, 3, and 5, and Figure 1 were collected by K. I.
Brown and E. C. Graham at the University of Minnesota.



EFFECT OF SPERM NUMBERS AND INTERVAL OF INSEMINATION
ON FERTILITY IN TURKEYS

Keith I. Brown
Department of Poultry Science

The use of turkey semen extenders is becoming increasingly common. Some hatch-
ing egg producers have reported lower fertility when an extender was used. It is
possible that if semen quality were poor and/or the interval of collection too long,
the number of sperm inseminated per hen per week may have been inadequate. A study
is being conducted to determine the effect of numbers of motile spermatozoa and in-
terval of insemination on fertility.

Materials and Methods

A total of 144 medium white hens were distributed (12 per pen) into 12 pens.
These hens had previously been in egg production for 19 weeks, had been restricted
to a 6-hour day to force molt them, and were re-lighted to a 14-hour day early in
July 1970. They were at approximately 60% egg production when the first insemination
was made on August 3. The toms used for a source of semen had been in continuous
semen production and were housed in individual cages for 9 months prior to this study.

The extender used was made by mixing the following volumes of solutions all ad-
justed to an osmotic pressure of 325 milliosmoles.

Fructose 4 ml.
MgSO 1 ml.
Na-Glutamate 10 ml.
Tes NaK2 77 ml.
Ethylene Glycol 8 ml.

Total 100 ml.

A pooled sample of semen was collected [at least three males) and four pens
were inseminated from each sample. Thus all inseminations were made within 20 min-
utes of collection. The experimental design is shown in Table 1. For example, se-
men was collected from three males and was diluted 1 part semen to 3 parts extender.
Pens 1 and 2 received 0.02 ml. per hen and pens 3 and 4 received 0.04 ml. per hen.
Pens 1 and 2 were inseminated at 7-day intervals and pens 3 and 4 at 14-day inter-
vals. This same procedure was repeated with pens 5 through 8 and pens 9 through 12
except that the dilution rate was 1:1 and 0, respectively. This procedure was de-
signed to determine the number of spermatozoa inseminated per week to produce maxi-
mum fertility and also to determine if insemination interval affected fertility
when the number of sperm inseminated per week was constant.

Immediately after inseminations were finished, motility and number of sperm
were determined. The average number of spermatozoa measured experimentally was
quite close to the calculated values shown in Table 1. There was, of course, con-
siderable variation from week to week in the numbers of sperm inseminated. On the
average there were approximately 65% motile sperm in all treatments.

The eggs were fumigated and stored at 55° C. and were set at 7-day intervals.
They were candled at 7 days of incubation and eggs removed as infertile were broken
out and examined for early dead germs. Hatchability will also be determined, but
at this writing not enough data are available to include in this paper.
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Table 1.—Experimental Design*

Pen No.

1 & 2

3 & U

5 & 6

7 & 8

9 & 10

11 & 12

*0n the

Insem-
ination
Interval

7 day

lU day

7 day

ll; day

7 day

III day

average, 6$%

Dilution
Rate

1:3

1:3

1:1

1:1

0

0

of the sperm

Insem-
ination
Volume

.02

.Oli

.02

.Oli

.02

.0,

were motile

No. of Sperm
per Insemination
Total

35

70

70

mo
1UO

280

*

Motile"

23

h6

U6

92

92

18U

(Millions )
psr

Total

35

35

70

70

1UO

IliO

Week
Motile""

23

23

U6

U6

92

92

Results and Discussion

The fertility results from the first 7 weeks are presented in Table 2. The
number of spermatozoa inseminated per week significantly affected fertility. In
this study, fertility from 70 million sperm inseminated per week resulted in 13,4%
lower fertility than 140 million sperm inseminated once per week.

This is in contrast to the work of Graham et al. (in press) in which semen
diluted 1:2 with an insemination dose of 0.025 ml, gave as high fertility as undi-
luted semen. The numbers of sperm inseminated in Graham's study would be approxi-
mately 60 million and 170 million per week. It should be noted that in Graham's
study the hens were inseminated three times during the first week and then at 7-day
intervals thereafter. Thus he placed 180 million sperm in the hens the first week
and in this study only 70 million sperm were inseminated the first week. Thus he
probably filled the sperm storage glands more completely the first week. Secondly,
it should be noted that this study was begun during the warmest months of the year
and with old toms and hens in their second season of egg production. It may well
require more sperm during the hot summer months and/or in the hens in their second
season's production to obtain maximum fertility. Thirdly, it should be noted that
only 65% or 46 million motile sperm were inseminated per hen in the group which re-
ceived 70 million total sperm. Perhaps a much higher percent motility was present
in the semen of young toms used by Graham. This coupled with semen inseminated in-
to virgin hens may explain the difference between this study and Graham's. However,
this study does conclusively demonstrate that more than 46 million motile sperm
should be inseminated per week to obtain maximum fertility. It suggests that dilut-
ing semen 1:2 with an insemination dose of 0.025 may not always result in high fer-
tility. It certainly suggests that when diluting semen, high quality semen must be
used.

Although insemination every 7 days vs. insemination every 14 days did not result
in significant differences in fertility, the shorter insemination period gave con-
sistently higher average fertility. Apparently if the insemination dose is doubled,
the doubled interval between inseminations does not lower fertility appreciably.
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There were significant differences between the first two sets and the remain-
ing sets. It took three weekly inseminations or two 14-day inseminations to fill
the sperm storage glands. This points up the importance of three inseminations dur-
ing the first week of the reproductive season. It appears that about 180 million
motile sperm should be inseminated in the first two inseminations to obtain optimum
fertility.

It should be noted that the fertility following the third insemination of 92
million motile sperm was 97.1, 93.3, 97.8, and 94.8% for the next 4 weeks for an
average fertility of 95.6%. It seems probable that if the proper attention is given
to insemination techniques and insemination of the correct number of sperm, this
level of fertility can be attained by any hatching egg producer.



TIME REQUIRED AFTER STIMULATORY LIGHTING FOR THE
ADEQUATE PRODUCTION OF HIGH QUALITY TURKEY SEMEN

Karl E. Nestor, Keith I. Brown, Verne D. Chamber!in,
and Philip A. Renner

Department of Poultry Science

Research conducted in 1966 indicated that turkey hens produce a large propor-
tion of the total eggs laid during their first reproductive season in the first few
weeks of lay (OARDC, Ohio Report, 51: 75-76, 83-84). Percent fertility, percent
hatchability of fertile eggs, and number of poults produced per hen are normally
highest at the beginning of the reproduction season and then decline as the season
progresses (OARDC, Ohio Report, 51: 75-76), Therefore, it is important for turkey
hatching egg producers to obtain the highest fertility possible in the first few
weeks of the reproduction period.

Most turkey eggs are produced by using artificial light to stimulate both sexes
into reproduction. It is generally accepted that an increase of light from normal
light conditions in the spring to 14 hours of artificial light per day is sufficient
to bring toms into semen production and hens into egg production. Shortening the
normal day-length of hens to 6 hours per day for a 6 to 8 week period prior to stim-
ulatory lighting has been shown to be beneficial in increasing egg production over
that obtained without the light restriction.

It is also generally accepted that males require longer periods of stimulatory
lighting for maximum semen production than hens require for maximum egg production.
As a result, toms should be lighted (14 hours per day) earlier than the hens in order
to have a sufficient volume of good quality semen to inseminate the hens early in the
season when egg production and other reproduction traits are at their maximum level.

Two studies were conducted at the Research Center to determine the time required
after stimulatory lighting for the production of adequate amounts of high quality
semen.

In the first study, medium weight toms were maintained on normal daylength until
Dec, 1, when they were given 14 hours of artificial light per day. Semen volume and
percent abnormal sperm measurements were made on these toms beginning 3 weeks after
lighting and continuing weekly through the 7th week after lighting.

The results given in Table 1 indicate that maximum semen volume was not obtained
until about 7 weeks after stimulatory lighting. However, there was little change in
the volume of semen produced per male after 5 weeks of lighting. The reason for the
abnormally low semen volume in the 6-week measurement is unknown. The percent of
males not producing semen dropped drastically from the 4th to the 5th week after
lighting. A further reduction in percent non-producers was noted at the 7th week
of lighting, A small number of non-producers are usually present in the stock used
at every collection during the course of the breeding season. The percent of non-
producers obtained at the 7th week period was probably normal for this strain.

The percent abnormal sperm was high 3 weeks after stimulatory lighting was in-
itiated. The frequency of abnormal sperm dropped from the 3rd to the 6th week after
lighting and was approximately the same in the 6th and 7th weeks.

Both heavy and medium weight toms were used in the second study. The toms were
reared under natural daylight conditions until they were given 14 hours of artificial
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light on Dec. 1 (medium males) and on Jan. 1 (heavy males). Semen volume and sperm
concentration measurements were made for a similar period as in the first study.

The maximum semen yield and maximum sperm per ejaculate were not obtained in
both medium and heavy weight toms until after 7 weeks of stimulatory lighting
(Table 2). It is very likely that these values would have increased further if the
study had been conducted for a longer period of time. However, the change from
approximately the 6th week (41 or 42 days) to the 7th week (49 or 50 days) was not
great for either the medium or heavy weight males. The percent non-producers was
at a low level 7 weeks after stimulatory lighting was initiated.

Based on semen yield, percent abnormal sperm, sperm concentration, and percent
non-producers, the results of these two studies suggest that semen used for insemi-
nation should absolutely not be collected before the 6th week after stimulatory
lighting is started. It would be desirable to wait an additional week before start-
ing to use semen. Turkey females require approximately 3 weeks on the average after
stimulatory lighting before laying their first eggs. So, the turkey male should be
lighted at least 3 weeks prior to the females and preferably 4 weeks.

i ̂JL *J ~*



AN ANALYSIS OF CHANGES IN SEMEN PRODUCTION OF INDIVIDUAL
TURKEY TOMS OVER A 3-MONTH PERIOD

Karl E. Nestor
Department of Poultry Science

It is well known that semen yield on the average varies as the result of season-
al changes, strain differences, and many other factors, some of which are unknown at
the present time.

Average semen yield increases until after 7 weeks following initial stimulatory
lighting (increase in light to 14 hours or more per day). Under the management pro-
gram used at the poultry farm at the Ohio Agricultural Research and Development Cen-
ter, semen yield drops about mid-season in spring-hatched turkeys and a molting of
the feathers occurs. This molt occurs in mid-March and early April in groups of toms
which are given stimulatory lighting in December and January. After the completion
of the molt, average semen yield increases to a peak which is almost as great in
most cases, and greater in some cases, than the initial peak after lighting. Aver-
age semen yield then declines somewhat during hot weather and shows some recovery
when cool weather occurs.

Semen yield of individual males as would normally be expected exhibits a greater
variation than the average yield for a group of males. However, the dynamic changes
occurring over a period of time as well as the dissimilarity of some of the changes
are perhaps not so well known.

To illustrate this point, the semen yield of a group of 168 heavy and medium
type males was determined at approximately 28-day intervals from March 2 to April
28, These males were lighted in December and January and drastic changes in aver-
age semen yield and molting normally occur during this period. Males were classi-
fied into nine groups which represent almost every conceivable pattern in semen
yield which could be observed. A difference in semen yield of 0.05 cc. or more was
considered an actual change and not just due to chance.

About 27% of the males constantly declined in semen yield during this period
(Group 1 - Table 1). Another 10% (Group 2) declined from March 2 to March 31 and
remained constant on April 28, Groups 3 and 4 represent almost converse changes
which can occur with a similar percentage of males occurring in each group. A very
small percentage of the males exhibited no change (Group 8) or constantly increased
(Group 9) during this period in which the average semen yield declines greatly.

The cause of the mid-season yield decline is unknown at the present time. This
study shows that many males do not follow the same pattern in semen production and,
as a result, it might be possible by selective breeding to develop a strain of tur-
keys which would be insensitive to the environmental condition or conditions which
produce the mid-season molt and drop in semen yield.
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Table 1.—Changes in Semen Yield in Individual Males Over Three Twenty-Eight
Day Periods (March 2, March 31> and April 28).

Wo. % Of
Group Type of Change Males Total

1. Constantly Declining k$ 26.8

2. Decline From March 2 to March 31
with Similar Yield on April 28 17 10.1

3« Decrease to March 31 and then Increase 1+2 25-0

U- Increase to March 31 and then Decline 39 23-2

5. Similar Yield March 2 and 31 and then
Decline on April 28 £ 3.0

6. Similar Yield March 2 and 31 and then
Increase to April 28 6 3-6

7. Increase from March 2 to March 31 with
Similar Yield on April 28 U 2.U

8. No Change in Semen Yield 6 3*6

9. Constantly Increasing U 2.U

Total Number of Males 168
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EFFECT OF A HIGH PROTEIN RATION ON
SEMEN PRODUCTION OF TURKEYS

Karl E. Nestor, Sherman P. Touchburn, and Keith I. Brown
Department of Poultry Science

The turkey toms used to reproduce the pedigree flocks at the Ohio Agricultural
Research and Development Center are routinely given stimulatory lighting (14 hours
per day) on Dec. 1. Semen is not used for insemination purposes until late Febru-
ary. The long period of time between lighting of toms and first insemination is
necessary since the yield of semen in some lines must be determined prior to selec-
tion of males.

Under the above conditions, average semen yield will increase from about 3
weeks after stimulatory lighting to 7 to 8 weeks, and then remain relatively con-
stant until mid-March. At this time many of the males start to molt. Semen yield
and quality drops but partial recovery is noted in a few weeks.. A similar pattern
is noted in males given stimulatory lighting on Jan. 1.

One reason for this decline in semen yield and quality during a molt may be a
limitation of protein. This may be cuased by increased protein requirement for re-
placement of the feathers. To test this, heavy and medium males were divided into
two groups. One group was fed the normal torn breeder ration throughout the repro-
duction season. The other group was given a high-protein low-energy ration on March
3 (just prior to the expected decline in semen yield and quality). The composition
of the two rations is given in Table 1. The high-protein ration had 3.1% more pro-
tein than the normal torn breeder ration.

Feed consumption was measured during the experimental period. Medium weight
toms consumed 0.966 and 0.872 Ib. of feed per bird per day of the high protein and
normal torn breeder rations, respectively. Similar values for the heavy toms were
1,278 and 1.117, respectively. When the difference in protein content of the two
rations was taken into account, medium and heavy toms consumed 0.045 and 0.065 lb.*
respectively, more protein daily on the high protein ration. Molting was evident
in al1 groups of toms,

The influence of the high protein ration on semen yield is presented in Table 2.
The March 2 measurements were made just prior to the start of the experiment. The
semen yield of both the medium and heavy toms when fed both rations consistently de-
creased during the experimental period. However, the amount of decline in yield was
not as great for the groups fed the high protein diet. The decline in average semen
yield was 0.018 to 0.060 cc. less in the groups fed the high protein ration (see
underlined values in Table 2).

Sperm concentration also declined in all groups during the period of molt (Table
3) . The high protein ration did not greatly affect the decline in sperm concentra-
tion. The total number of sperm per ejaculate was determined by multiplying semen
yield by sperm concentration. Prior to the experiment (March 2), the total number of
sperm produced per male in the medium toms was slightly greater for the toms fed the
normal ration (0.065 billion). However, the total number was greater in the toms fed
the high protein ration on March 31 (0.023 billion) and April 28 (0.123 billion). In
the case of the heavy toms, feeding the high protein ration was not sufficient to
maintain the difference existing prior to the start of the experiment.

Although feeding a high protein ration during a molting period appeared to les-
sen the decline in semen yield, there was no consistent influence on total number of
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sperm produced per male. Therefore, some factor other than protein limitation must
be responsible for the decline in sperm production during periods of molt.

Table 1.—Composition of Normal and High Protein-Low Energy Tom Rations.

Ingredient

Ground Shelled Corn

Soybean Meal, l\k%

Wheat Middlings, lU$

Meat Scraps, 50$

Fish Meal, Menhaden, 60$

Dried Whey Products, 16%

Alfalfa Meal, \1%

Biofos

Limestone, Feedgrade

Trace Mineralized Salt, Poultry

Dried Fish Solubles

An-Veg. Fat (HBP)

Vitamin Premix

% Protein

Metabolizable Energy /lb . (Kcal.)

Normal

70.5

5-0

5-0

2.5

5.0

2.0

5.o

1.0

0.3

o.U

1.0

2.2

15.9

1373

High Protein
Low Energy

58. U

11.0

6.0

3-0

6.0

2.U

6.0

1.2

O.U

0.5

1.2

1.0

3.0

19.0

1297
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INFLUENCE OF INTENSITY AND WAVELENGTH OF LIGHT ON SEMEN
PRODUCTION OF MEDIUM WHITE TURKEYS

Karl E. Nestor, Philip A- Renner9 and Verne D* Chamber!in
Department of Poultry Science

Turkey males require about 6 weeks of stimulatory lighting at the beginning of
the reproduction season in order to produce semen capable of yielding high fertility.
During this conditioning period, loss of males from fighting can be a problem. Mor-
tality may run as high as 25 percent.

Red lights have been effectively used with chickens to prevent losses due to
cannibalism. There has been no experimental work with turkeys using red lights to
control fighting. The optimum intensity of light for semen production has received
little study. This experiment was designed to test the effectiveness of red lights
in prevention of fighting and to determine the influence of light intensity on se-
men yield.

Eighty males from a line selected for and exhibiting high egg production were
divided into four groups. One group was lighted with red colored incandescent light
bulbs. The light intensity in this pen averaged 1.5 foot candles. Another group
was lighted at an intensity of 1.8 foot candles with white incandescent bulbs. A
third group received 5.1 foot candles of white light. The fourth group was lighted
at an intensity of 1.4 foot candles at the beginning of the experiment and then in-
creased to 2.4 foot candles and finally 5.1 foot candles as the reproduction season
advanced. The toms were started on a 14-hour day on Nov. 2.

Semen yield, sperm concentration, and head score were measured periodically dur-
ing the reproduction season. The head score, used as a measure of fighting, ranged
from 1 to 5, with 1 indicating no head wounds and 5 indicating severe head wounds.

Red light was slightly more effective than white light in stimulating semen
production when both were given at a similar intensity (Table 1). However, neither
type of light at this intensity resulted in optimum semen yield. It was difficult
to increase the light intensity in the red light pen, with the 1.5 foot candles the
maximum intensity obtainable.

The greatest semen yield was obtained from the males in the pen receiving 5.1
foot candles of white light throughout the experiment. However, the males under
the increasing light intensity treatment had almost as high a yield. Thus, based
on semen yield, the light intensity should be greater than 2 foot candles or should
be increased from about 2 foot candles to a higher intensity as the season progresses,

Low intensity light of either color reduces fighting in toms (Table 2). The
high light intensity and changing light intensity groups had more severe head damage.
Since these groups also had the highest semen yield, head damage from fighting ap-
parently does not affect semen yield. The mortality was highest in these two groups
(10 percent in the high intensity pen and 5 percent in the changing intensity pen).
There was no mortality in the low intensity pens.

The low intensity red light and high intensity white light groups of males had
similar sperm concentration early in the reproduction season (Dec. 16 - Table 3).
The sperm concentration of the two groups of males receiving low intensity white
lights early in the season (low intensity and changing intensity) was significantly
lower. Later in the season there was no significant difference between groups,
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The results of this experiment indicate that red light is more effective than
white light in stimulating early sperm production. However, this difference does
not persist throughout the season. Light intensities of white light greater than 2
foot candles are required for maximum sperm production, but fighting is more severe
at the higher intensities.

Table 2.—Effect of Different Lighting Programs on Fighting of Toms.

Head Score
Treatment

Red Light

Low Intensity

High Intensity

Changing Intensity

11/26

1.57

1.00

1.90

1.37

12/3

1.52

1.05

1.85

1.63

12/10

1-33

1.33

1.60

1.58

12/21

1.33

1-52

2.15

2.26

1
1/26

1.19

1.29

1.20

1.10

3/13

1.33

1.U2

1.55

1.52

Average

1.38

1.27

1.71

1.57

••'-Toms i/\iere rated 1 to 5 according to head damage "with 1 indicating no head
damage and 5 indicating severe head damage.

Analysis of Variance (F values)

Lighting Treatment 6.92**

Period U.67*

Treatment x Period 1.62

Table 3-—Effect of Lighting on Sperm Concentration*

Treatment

Red Light

Low Intensity

High Intensity

Changing Intensity

F Values

Sperm
12/16

6.29

U.U9

6.67

It. 60

U.27**

Concentration
2/13

5-26

6.18

5-75

5-97

.82

(Billions/cc)
U/7

6.62

6.18

7.00

6.35

.5

-21-



GENETICS OF SEMEN YIELD IN THE TURKEY

Karl E. Nestor
Department of Poultry Science

The genetics of semen yield in turkeys has received little attention, even
though the majority of turkey poults are produced by artificial insemination. The
genetic relationships between semen yield and other reproduction and growth traits
also have not been well established.

A strain of turkeys was developed from a randombred control population by
selecting only for increased semen yield early in the reproduction season. The
randombred population which served as the base population was also used as a control
population throughout the study. Since there was no intentional selection for any
trait, this line should remain genetically stable from year to year.

Individual selection was practiced in the males of the semen line. The females
in this strain were selected on the basis of semen production of their brothers. A
paired mating system, in which one male was artificially mated to one female, was
used to maintain the control and semen lines. There were 36 pairs of parents in
each line. One male and one female were randomly selected from each family to re-
produce the randombred control line. Matings in both lines were at random but full
sib matings were avoided to keep inbreeding at a low level.

All breeders were hatched in April and early May. Males were given stimulatory
lighting of 14 hours per day starting on Dec. 1. Semen yield, sperm concentration,
and percent abnormal sperm measurements were made on semen samples collected in late
January when the males were 38 weeks old. Three semen samples were collected from
each male during a 6-day period. The values for a particular male were based on the
average of these three samples.

Similar semen measurements were made on selected males of the semen and random-
bred control lines in mid-season (March) and late in the reproduction season (May).
The average of two or three semen samples collected in a 1-week period was used as
the value for a male.

A preliminary analysis was made on the randombred control line to estimate the
heritabilities (i.e., the portion of the total variation due to genetic differences)
of and the genetic relationship between semen yield, sperm concentration, and per-
cent abnormal sperm. These values were based on the differences between 36 full sib
families.

The heritability of semen yield was high while sperm concentration and percent
abnormal sperm had lower heritabilities (Table 1). The genetic correlation between
semen yield and sperm concentration was positive. Semen yield and percent abnormal
sperm were negatively correlated genetically. This indicates that increasing the
semen yield by selection should result in an increase in sperm concentration and a
decrease in percent abnormal sperm.

Environmental correlations measure the influence of environment on traits be-
ing correlated. The high positive correlation between semen yield and sperm con-
centration (Table 1) indicates that any environment which is related to an increase
in semen yield would also tend to be related to increased sperm concentration.
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Table 1.—Heritabilities of, and Genetic Correlations Among, Semen Yield,
Sperm Concentration and Percent Abnormal Sperm.

Trait(s)

Semen Yield

Sperm Concentration

Percent Abnormal Sperm

Semen Yield x Sperm Cone.

Semen Yield x Percent Abnormal Sperm

Sperm Cone, x Percent Abnormal Sperm

Heritability + Standard Error

.6U+.08

.16+.03

.18+.03

Correlations
Genetic

.11

-.1*8

-.26

Environmental

.65

.08

-.12

One of the most accurate measures of heritability is the response to selection.
Realized heritability is determined by dividing the response to selection by the se-
lection differential or the amount actually sought. There are two selection differ-
entials. The intended is the deviation of parents from the average of their popula-
tion and the actual weighs the intended selection differential according to the num-
ber of offspring produced. If there is a difference between the intended and actual,
natural selection is operating. This might be expected in the semen line since se-
men yield is a reproduction trait. However, the intended and actual selection dif-
ferentials were almost identical (Table 2). Realized heritability was 0.40. This
is lower than the 0.64 estimate (Table 1) which was obtained by analysis of family
differences. An average gain of 0.032 cc. and a total gain of 0.128 cc. of semen
per male was made in the semen line over the 4-year period.

The sperm concentration of semen from semen line males increased during the
last 2 years of selection (Table 3), This was expected from the genetic correla-
tions presented earlier. However, percent abnormal sperm did not change. From the
genetic correlation estimate, abnormal sperm was expected to decline.

Egg production in the semen line was greatly increased after one generation of
selection (Table 4) . There was a gradual loss in the superiority in egg production
with generations. This indicates that the initial gain may have been the result of
linkage of genes for high semen yield and high egg production, and that this linkage
is breaking up with selection.

The number of broody periods per hen decreased in the semen line. The average
length of the broody periods did not change with selection. The total days broody,
obtained by multiplying the number of broody periods by average length of these per-
iods, was less in the semen line. For the purpose of this analysis, a broody period
was considered as a pause in production of S or more days. Thus, non-broody pauses
may also be included. The number of clutches per hen was greatly increased in the
early generations but this superiority was lost in the last generation. Average
length of the clutches consistently increased with generations. Thus, the greater
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egg production of the semen line was the result of changes in broodiness (decrease)
and intensity of lay (increase),

Percent fertility was consistently higher in the semen line (Table 5) . How-
ever, the percent fertility increased after the first generation of selection with
no further change in later generations. Hatchability of fertile eggs was higher in
the semen line than in the randombred control in the first two generations but lower
in the last two generations, The number of poults produced per hen, although init-
ially higher in the semen line, was about the same in the semen and control lines
in 1968 and 1969. Even though both egg production and fertility were increased in
the semen line, the number of poults produced was similar due to reduced hatchability
of fertile eggs in the semen line.

The body weights of the semen line are given in Table 6. Body weight was con-
sistently increased in the semen line after one generation of selection (1966). Body
weight at sexual maturity rapidly declined. After four generations of selection, the
average weight was 590 grams less in the semen line. Body weight at 24 weeks of age
also noticeably declined in the semen line. Based on data collected from several
strains selected for different traits, it appears that clutch length is strongly neg-
atively correlated with body weight at 24 weeks of age and at sexual maturity. In
all lines surveyed, as clutch length increased, body weight at these ages decreased.

In summary, selection for increased semen yield was effective in decreasing
yield. Sperm concentration was also slightly increased but percent abnormal sperm
was not changed by selection for semen yield. Egg production and growth rate were
initially increased but most of the superiority in egg production and all the super-
iority in body weight at older ages were lost after four generations of selection.
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THE RELATIONSHIP BETWEEN CLUTCH POSITION AND
RAPID DEVELOPMENT, YOLK WEIGHT, AND REST
IN TURKEY, CHICKEN, AND QUAIL EGG YOLKS

Wayne Bacon
Department of Poultry Science

All domestic birds lay their eggs in clutches and the patterns of these clutches
closely resemble each other. A single egg, or a group of eggs laid one per day,
followed and preceded by a day or days when no egg is laid is called a clutch. The
day or days when no egg is laid is called the pause.

It is well known that the first egg of a clutch of two or more eggs is laid
earliest in the daylight hours and that the last egg of a clutch of two or more eggs
is laid closest to the beginning of the hours of darkness. Thus, when one clutch
ends late in the day, the succeeding clutch, initiated after a pause, begins with an
egg laid early in the day.

It is also well known that ovulation, the releasing of the yolk from within the
surrounding tissues of its ovarian follicle, and oviposition, the laying of the com-
pleted egg, are closely coupled events. Ovulation occurs about 30 minutes after ovi-
position in turkeys, chickens, and quail. Therefore, ovulation like oviposition
occurs later each day during a clutch.

In the chicken, the ovum takes about 8 to 10 days to complete growth after it
starts depositing yellow yolk. This period is called the period of rapid develop-
ment. In the turkey, rapid development normally lasts from 11 to 14 days, while in
Japanese quail it is 6 to 8 days. No egg has been observed by this writer in which
rapid development was arrested and then initiated again at a later date. Therefore,
the continued good nutrition and proper environment of an egg yolk during its entire
ovarian development period is a must if a yolk is to reach maturation and be ovulated.

In experiments with turkeys, chickens, and quail, the relationships between
clutch position and the period of rapid development, yolk weight, and the "rest"
period (the period from the end of rapid development to ovulation) were studied.
This was accomplished by determining the length of the period of rapid development
and the specific days during which rapid development occurred for each ovum within
clutches of various lengths. The method used to determine rapid development was the
feeding of fat soluble dyes in known sequence and then following the pattern of dye
deposition in the yolk of the subsequently laid eggs.

Table 1 summarizes the results of these experiments. The rest period was great-
est for the first egg of clutches from all three species. After about the third egg,
a basal level was reached and the rest period did not decrease further. In quail,
the rest period was about 1 day less than for chickens and turkeys. Chickens and
turkeys normally lay their eggs early in the daylight hours, while quail normally
lay late in the daylight hours. The shorter rest period in quail is probably con-
nected with their pattern of laying late in the day.

The period of rapid development and yolk weight were found to be relatively in-
dependent of clutch position for turkeys and quail. In the chicken, a gradual de-
crease in rapid development and yolk weight with increasing clutch length was noted.
This experiment was conducted over an 8-month period. It is known that in young birds
yolks have both shorter periods of rapid development and lighter weights. Most of
the longer clutches were recorded in the early part of the experiment. Thus it is
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not possible to say a relationship between the period of rapid development or yolk
weight and clutch position has been demonstrated for the chicken.

Of interest to this writer is a possible relationship between the length of the
rest period and the time of day an egg is oviposited. First eggs of clutches of all
three species usually are laid earliest in the daylight period. It is readily noted
that rest period of yolks from the first position in clutches of all lengths is the
greatest in all three species* Whether a connection exists between the length of
the rest period and the time oviposition and ovulation occur will be studied in
future experiments.

Table 1.—The Relationship Between Clutch Position and Rapid Development^
Yolk Weight and Rest in Turkey, Chicken and Quail Egg Yolks-

Position
in

Clutch 1 2 3 U £ 6 7 8

Rest (days)

Turkey 2.0 1.5 1.2 1.0 1.1 1.3

Chicken 1.3 1.0 1.0 1.0 1.0 1.0 1.0

Quail O.U 0.2 0.1 0.1 0.1 0.0 0.0 0.1

Rapid Development (days)

Turkey 13.0 13.0 13.0 12.5 13.0 12.5

Chicken 8.6 8.6 8.U 8.3 7-8 7-5 7-5

Quail 6.U 6.5 6.3 6.7 6.7 6.8 6.6 6.0

Yolk Weight (grams)

Turkey 25.8 25-9 25-9 25-7 25-8 2U.U

Chicken 15-1 15-1 1U.7 lU.2 13-8 13.0 12.7

Quail 3.5 3-U 3-2 3-3 3.2 3-3 3.3 3.2
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YOLK PRODUCTION IN EGG-TYPE AND MEAT-TYPE TURKEYS

Karl E. Nestor, Wayne Bacon, and Philip A. Renner
Department of Poultry Science

Irregular egg laying and the production of a large percentage of abnormal eggs
have recently been observed in five strains of broiler chicks by Dr. R. G. Jaap and
his co-workers at The Ohio State University. The frequency of membrane eggs, soft-
shelled eggs, double-yolked eggs, and two eggs laid in 24 hours was much larger in
broiler-type pullets than in egg-type pullets. The broiler pullets did not exhibit
a normal sequence or rhythm of days in which an egg was laid or missed as is normally
observed with egg-type chickens.

Later research indicated that a broiler-type chicken had more yolks in rapid
development in the ovary than an egg-type chicken. However, the egg-type strain
always produced more eggs daily than the broiler strain. It was believed that either
the partly formed eggs were laid, soon broken, and not recorded, or returned by re?
verse peristalsis to the body cavity and re-absorbed.

Dr. Jaap theorized that inheritance which favors rapid protein anabalism (rapid
body growth) may also favor rapid formation of lipoprotein in the liver. Since lipo-
protein accounts for 67% of the yolk, this should result in increased yolk production
in ovarian follicles. If this theory is correct, selection for increased growth rate
in turkeys should also result in the production of more yolk material than selection
for increased egg production. The purpose of this experiment was to measure the rate
of yolk development in egg-type and meat-type turkeys.

Two lines of turkeys differing greatly in body weight and egg production were
used (Table 1). One of these (egg line) had been selected for increased egg produc-
tion for eight generations. A randombred control population which was established
in 1966 served as the meat-type line. This line was developed by reciprocally cross-
ing two elite large-type white commercial strains.

Shortly after the laying season began, the rate of yolk development in a sample
of 20 females randomly selected from each line was measured by a method of dye feed-
ing. The period of rapid development of the ovarian follicle (yolk) (i.e., the per-
iod of time required for the yolk to develop from a very small size of 0.6 gram to
the final size before ovulation) was determined. All females were killed 2 weeks
after the dye feeding was discontinued. The number and total weight of yolks in rap-
id development in the ovary were recorded.

There was no significant difference in the time required for a yolk to develop
between the two types of turkeys, even though the yolk weight of the meat-type strain
was much larger (Table 2). This indicates that the meat strain was producing yolk
material at a faster rate.

Females of the meat strain had more yolks in rapid development (11.40 versus
9.65) and a larger total weight of yolks in rapid development (137.6 versus 105.4)
than the egg strain (Table 2). This is a further indication that meat-type females
produce yolk material at a faster rate than egg-type females. Since the egg strain
females produce more eggs, the developing yolks must be lost somewhere in the egg
production process in meat-type females.

One possible loss of yolks in the meat strain would be in the production of
double-yolked eggs which would be recorded as a single egg. To see if a larger num-
ber of yolks were developing in pairs of the meat-type turkey, a comparison was made
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Table 1.—Body Weight and Egg Production of Females of the Egg Line and
Randombred Control*

Egg

Randombred
Control

2k Wk. Body
¥t. (Ib.)

12.5

17.7

Egg..
8U Days

56.3

kk.9

Production (No . )
120 Days

78.9

59-8

180 Days

108.6

77-7

of the number of yolks in each hen which were of identical or near-identical weight.
Twelve of 17 growth-type hens had yolks developing in pairs while only 11 of 20 egg-
type females had one or more pairs developing. Based on all females, the average
number of pairs for meat-type females (1,12) was not significantly different from
that of egg-type females (0.75).

Another possible source of yolk loss is atrophy of the yolk between the start
of rapid development and ovulation. In other words, the yolk starts to develop but
for some reason stops and is re-absorbed. The percentage of yolks in atrophy was
very low and not greatly different in growth (0.015) and egg (0.010) types. Thus
loss of yolks due to atrophy in the ovary is probably not a major factor in the
"disappearance" of yolks in the growth-type turkey.

The yolks might be lost in the body cavity and re-absorbed in meat-type turkeys.
Two of 20 meat-type females were observed to have yolk material in their body cavity
but yolk material was not observed in the body cavity of any egg-type females.

No comparison has been made of the frequency of abnormal eggs laid by meat-type
and egg-type turkeys. It is possible that meat-type turkey females lay more membra-
nous and soft-shelled eggs which would probably be lost under our conditions of floor
rearing. A future experiment is planned to measure the frequency of abnormal eggs
laid by meat-type and egg-type turkeys housed in cages.

Table 2.—Egg Weight, To Ik Weight, Period of Rapid Development and
Number and Total Weight of Yolks in Rapid Development in Egg and Meat Strains.

Strain

Egg

Meat

Egg
Wt.

76.1

86.3

Tolk
Wfc.

23-7

25.8

Period of
Rapid

Development
(days)

11.80

11.97

Ova in Rapid
No. /Hen

9.65

11. Uo

Development ,
Total

Wt./Hen
(Gm.)

137.6
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STUDIES OF YOLK LIPOPROTEIN

Wayne Bacon and Margery Topscher
Department of Poultry Science

Lipid metabolism in laying hens differs greatly in comparison to that of males
or non-laying hens (Heald and Badman, 1963; Biochinu Biophys. Acta. 70: 381-388),
Total plasma lipid and especially free fatty acid (FFA) and triglyceride (TG) levels
are markedly greater in laying birds.

The presence of yolk precursor lipoproteins has been demonstrated in the plasma
of laying hens (Schjeide et al.» 1963; Am. Zoologist 3: 167-184). This precursor
material is synthesized by the liver of both laying and estrogen-treated birds.

Avian egg yolk can be easily separated into two fractions by centrifugation,
Large dense granules are sedimented, while the yolk plasma remains in solution. The
major component of the yolk plasma is the low density fraction (LDF) . LDF is a lipid
core lipoprotein containing about 89% lipid and 11% protein. Of the lipid, 70 to 75%
is triglyceride.

LDF has been fractionated into two polydisperse subfractions , LDFj and
with molecular weights of about 10.3 x 10̂  and 3.3 x 10^, respectively. LDF2 con-
tains about 3% less lipid than LDF. and makes up about 80% of the total LDF.

Studies have been initiated to identify and characterize the LDF of yolk and
its precursors in the blood plasma. Turkey egg yolk was prepared by diluting native
yolk 1:1 with 0.2M Tris, 0.02% EDTA, pH 8.90 buffer. The diluted egg yolk was lay-
ered over 15% (w/v) sucrose prepared with the same buffer. This was then spun at
3,000 g. for 1.5 hours. The resulting yellow supernatant solution is the yolk plasma

Agarose A- 50 m was purchased from Bio Rad Laboratories and equilibrated with
the buffer. Columns of 85 x 2.5 cm. were then poured and loaded with 3.0 ml. of the
yolk plasma. Flow rates of 15-20 ml. per hr. were maintained.

Figure 1 (solid line) shows a typical elution pattern of egg yolk from such a
column. The first peak (tubes 30-40) probably represents granules which were not
separated by centrifugation. Peaks 2a and 2b (fractions 41-55 and 56-80) represent
the yolk LDFj and LDF2, respectively. The next two peaks (fractions 88-100 and
101-112) represent gamma-globulin-albumin and free amino acids, respectively.

Figure 2 (solid line) shows a typical elution peak of heparinized blood plasma
from a laying turkey. The first peak (fractions 33-40) represents chylomicrons and
other large molecular weight substances. The second disperse peak (fractions 40-68)
represents the precursor LDF. The next three peaks are made up of macroglobulins ,
gamma-globulin-albumin, and free amino acid, respectively.

A typical elution pattern of heparinized blood plasma from a non-laying turkey
is shown in Figure 3. The striking difference between this elution pattern (solid
line) and that in Figure 2 is the absence of the LDF precursor peak.

The incorporation of radioactive FFA into plasma TG by laying and non-laying
female turkeys was compared. Injected into one wing vein were 5 ji Ci of l-14C~stear~
ate prepared in 2 ml. of turkey serum. All blood samples were taken from the oppo-
site wing vein. Samples of 3 ml . of blood plasma prepared from blood collected 1
hour post FFA injection were fractionated on A-50 m columns. At this time about 95%
of the radioactivity is in TG. Figure 3 shows the results from a non-laying bird.
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COMPARISON OF A BLOOD PLASMA LIPOPROTEIN OF
MEAT AND EGG LINE TURKEYS

Margery Topscher, Wayne Bacon, and Karl Nestor
Department of Poultry Science

Differences in egg production have been noted between broiler-type pullets and
egg-type pullets reared on the OSU campus (Nestor et al., OARDC, Turkey Research -
1970, p.29). The broiler-type show erratic ovulation timing and a large percentage
of abnormal eggs. Although broiler pullets do not lay as many eggs as the egg-line
pullets, they are found to have more yolks in rapid development.

A theory has been proposed that the selection of birds for rapid body growth
or rapid protein formation may also favor rapid formation of lipoprotein and thus
greater yolk formation. It may be that control of yolk material synthesis has been
disturbed andsan excess is synthesized. The rate of egg laying cannot keep up with
the rate of deposition and so the excess is lost in re-absorbed or abnormal eggs.
If the rate of yolk lipoprotein synthesis in the liver is increased, then the amount
transported in the blood should also be increased, supplying the ovarian follicles
with a greater amount of material available for deposition. This study attempted
to measure the concentration of a plasma-carried yolk lipoprotein precursor compon-
ent in egg-type and meat-type turkeys.

Samples of plasma collected from laying birds, three of a heavy randombred line
and four of an egg line, were run through an agarose column to separate the lipopro-
teins on the basis of size. Optical density readings at 280 mu were made on all of
the fractions* The peak of interest was the low density fraction (LDF) containing
lipoprotein, which has been found in greatly increased quantities in the plasma of
laying vs. non-laying birds (Bacon and Topscher, OARDC, Turkey Research 1970, p.31).
Estimates of the quantity of this substance were made by totaling all O.D. readings
of fractions within that peak. The mean values for the two lines were quite differ-
ent (19.0 in the meat line and 11.9 in the egg line) but due to the great variation
between birds within each line, these values were not significantly different.

This study indicates that there generally is a higher concentration of this
lipoprotein in the plasma of meat line birds, but this is not always consistent. A
measure of removal rate may be a better indication of differences between lines.
This would be taken by introducing LDF labelled with an isotope and measuring its
rate of disappearance over a period of hours, thus enabling determination of half-
life.

-34-



INFLUENCE OF CALCIUM LEVEL IN THE DIET
ON REPRODUCTION OF TURKEYS1

Karl Nestor, Margery Topscher, Sherman Touchburn, and Philip Renner
Department of Poultry Science

It is common knowledge that shells of turkey eggs become weaker as the laying
season advances. This results in a larger percentage of broken and non-settable
eggs later in the laying season. In some flocks, poor shell quality limits the
time that the flock may be economically retained for production of poults.

The changes in physiology of the hen as the laying season advances are not
known. It is possible that the efficiency of utilization of calcium in the diet
decreases later in the laying period and, as a result, the requirement of dietary
calcium might be greater at this time.

One logical approach would be to feed throughout the laying season a ration
tailored to meet the needs late in the laying period. However, it is known that
the hen!s body rejects extra amounts of minerals fed in the diet. Once this re-
jection mechanism is in operation, it might continue even after the body needs
were increased.

Another possible method would be to increase the dietary calcium level only
when the requirement might be increased. This would reduce the possibility of a
rejection mechanism eliminating calcium which was needed for production of desir-
able shells.

To test the above possibilities, one group of heavy white hens was fed our
standard breeder diet containing 2.5% calcium, 0.84% phosphorus, and 800 ICU Vita-
min 03 per pound throughout the breeding season. Three other similar groups of hens
received a diet containing 3.0% calcium, 1.065% phosphorus and 1067 ICU Vitamin 03
per pound but similar to the standard breeder diet in other respects. One of the
groups received the high level of calcium from the beginning of the season and the
other two groups did not receive the high calcium diet until they had been in pro-
duction for periods of 12 and 16 weeks, respectively. The latter two groups re-
ceived the standard diet previous to feeding of the high calcium diet. There were
36 hens in each group.

The hens were given stimulatory lighting (14 hours per day) and breeder rations
beginning Nov. 22. The egg production period extended for 210 days.

The effect of dietary calcium level on egg production is shown in Table 1.
Egg production in this table is presented for several lengths of lay so that the
influence of feeding the high calcium level beginning at 12 weeks (84 days) and 16
weeks (112 days) could be shown. Based on statistical analysis, the differences in
egg production between groups were not significant for any length of the laying
period. There is an indication that the high calcium diet may have reduced egg
production but the number of hens (36) in each group was not sufficiently large to
demonstrate a statistically significant difference between groups with the varia-
tion in egg production observed.

-Supported in part by a grant from the National Turkey Federation, Mount
Morris, Illinois.
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Egg production of the group of hens fed the high calcium ration throughout the
laying season was consistently lower than that of the group fed the standard breeder
ration. This difference increased from 2.7 eggs to 7.6 eggs per hen as length *of
the laying-period increased. Further evidence from groups three and four indicates
a reduction in production when the hens were changed to the high calcium ration.
These groups had slightly lower egg production prior to being fed the high calcium
ration but the magnitude of the differences increased when the hens were put on the
high calcium ration.

Body weight was not influenced by calcium level in the ration (Table 1). Hens
in all treated groups weighed slightly less than hens in the control group prior to
the experiment and the magnitude of the differences did not change during the ex-
periment.

There were no statistically significant differences between the four groups
in feed consumption per egg laid or per hen per day (Table 2). Feed consumption
based on feed consumed per egg laid indicates that both the hens fed the high cal-
cium ration throughout the laying period and those fed this ration after 12 weeks
of production tended to be less efficient. This was probably a reflection of the
lower egg production of these hens. The feed consumed per hen per day was very
similar in the four groups.

Measurements of egg weight, shell weight, and loss of egg weight after incu-
bation were made periodically throughout the laying season. The eggs laid in 1
week out of every 4 weeks were used for this purpose. For the purpose of analysis,
the measurements were grouped together in three periods: Period 1 - December,
January, and February measurements; Period 2 - March and April measurements; and
Period 3 - May and June measurements.

Shell weight was measured on one to four eggs per hen per week. Incubation
weight loss was estimated on a sample of three or less eggs per hen per week. The
eggs were weighed both prior to and 7 days after incubation. The difference in
these two weights represented the loss due to incubation. The incubators were main-
tained under standard conditions. Shell weight and incubation weight loss were ex-
pressed as percent of egg weight in order to eliminate the influence of egg weight
on these measures.

Calcium level in the ration had no influence on egg weight (Table 3). The per-
cent shell of eggs laid by the control group consistently declined. The percent
shell of eggs from the high calcium group also declined but the decline was much
less. The high calcium diets resulted in a statistically significant (P <.05) in-
crease in percent shell in Period 3, when the percent shell of the control eggs was
the lowest.

The eggs from the group of hens fed the high calcium ration throughout the
laying season had a smaller incubation weight loss than those of the control group
(Table 3). This difference increased as the laying season progressed. The incu-
bation weight loss of eggs from the groups fed the high calcium ration after 12
and 16 weeks of production also decreased after the hens were given the high calcium
ration. The differences in incubation weight loss were significant only for Period 1

It appears from the results presented in Table 3 that the high calcium ration
results in the production of eggs with more shell and a lower porosity (lower incu-
bation weight loss) .
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The group of hens fed the high calcium ration throughout the laying season had
a smaller percentage of settable eggs, lower fertility, and lower hatchability of
fertile eggs than the control group (Table 4). The two groups fed the high ration
later in the laying season also had a lower percentage of settable eggs and lower
hatchability of fertile eggs. However, none of these differences were statistically
significant. The differences between periods were highly significant for all of
these traits. These results indicate that the improvements in shell quality observed
earlier did not result in improvement in reproduction.

To study the influence of dietary calcium level on total blood calcium, a sam-
ple of blood was collected from hens representative of each treatment group. Samples
of blood were collected periodically throughout the day to estimate diurnal variation
in blood calcium level. Time of egg laying was recorded for these hens on the day of
blood sampling and on each of the previous and following days. This information was
used to estimate the time during which the shell was being formed and active calcifi-
cation xvas occurring. Blood samples were collected Jan. 27, March 13, April 11, and
July 25 from a different group of hens at each time. Total blood calcium was deter-
mined by an atomic absorption method.

Table U.—Influence of Calcium Level in the Ration on Production of Settable
EggSj Percent Fertility and Percent Hatchability of Fertile Eggs.

After 12 Wk.
Production

U. High Calcium1

After 16 Wk.
Production

% Egg Production

-3.0 -2.6

% Hatchability
Ration

1. Control
(2.5% Ca)

2. High Calciunr
(3.0J6 Ca)

3. High Calciuirr-

(Settable Eggs)

Ui.o

-5-0

- .8

% Fertility

62.2

-3-8

+2.5

Fertile Eggs

61.8

-5-6

-2.5

-U.l

Period

1/2 to 3/6

3/13 to U/10

h/2k to 6/26

5U-7

39.3

22. U

77.6

67-7

38.3

67.2

61.9

k6.h

Expressed as deviation from control group.
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Table 5>.--The Effect of Dietary Calcium Level and Season on Total Blood
Calcium of Laying Females.

Total Blood Calcium (mg.$)
Ration Jan. 27 Mar. 13

1.
(2

2.
(3

3.

Control 28.7 (12)2 26.6 (13)
.$% Ca)

High Calcium! -1.8 (11) - .1 (12)
.Og Ca)

High Calcium

Apr. 11

2U.7 (11)

-1.1 (7)

+1.2 (11)

July 25

2U.3 (3)

-U.7 (3)

-2.5 (U)
After 12 Wk.
Production

U. High Calcium1 ~ — — -U.I (U)
After 16 Wk.
Production

Average 27.6 (23) 26.6 (2£) 2U.9 (29) 20.7 (lit)

•'•Expressed as deviation from control group.
%umber in parenthesis indicates the number of hens on which average was based.

Table 6.--Influence of Time of Day and Shell Calcification on Total Blood
Calcium Level

Collection

January 27

March 13

April 11

Average

Shell

January 27

March 13

April 11

7:00 A.M. 10:

28.9 (22)1 30.

27-9 (25) 27.

26.9 (29) 25-

27-8 (76) 27-

Calcification

27.8 (50)

26.8 (UU)

25-7 (32)

Time of
00 A.M.

2 (22)

9 (22)

U (30)

6 (7U)

Laying
No

Day (Laying Females)
1:00 P.M.

25-2 (22)

25-Ii (25)

25-3 (30)

25-3 (77)

U:00 P.M.

27.0 (22)

25-9 (22)

23.2 (29)

25-2 (73)

Shell Calcification

28.0 (58)

26.1; (73)

2U.8 (112)

9:00 P.M.

26.6 (22)

25-7 (22)

23-5 (30)

25-1 (7U)

Non-Laying

13. U (99)

1U-U (39)

Number in parenthesis indicates number of measurements on which average was
based.
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Dietary calcium levels used in this experiment had no influence on total blood
calcium level (Table 5). There was a distinct seasonal decline in blood calcium
level which was highly significant statistically (P <.01).

The blood calcium level varied in the same hens at different times during the
day (Table 6) . The level of calcium in the blood was highest and similar in the
7:00 a.m. and 10:00 a.m. collections and lowest and similar in the 1:00 p.m., 4:00
p.m., and 9:00 p.m. collections. The differences in total blood calcium level be-
tween the morning and the afternoon samples were statistically significant (P <.05),
Shell calcification had no significant effect on total blood calcium level. The
blood calcium level of non-laying hens (i.e., hens which had not laid for 10 or
more days) was much lower than the level in laying hens.

In summary, increasing the calcium level by 0.5% above that of the standard
breeder ration containing 2.5% calcium improved shell quality but did not result
in improvement in reproduction.
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DIETARY NEOMYCIN-TERRAMYCIN AND REPRODUCTIVE
PERFORMANCE OF TURKEYS1

Karl E. Nestor and Sherman P. Touchburn
Department of Poultry Science

Information is limited concerning the effect of antibiotics on the reproductive
performance of turkeys. The present experiment was designed to measure the effect
on reproduction of feeding an antibiotic combination (Neomycin-Terramycin) inter-
mittently at a high level or continuously at a more moderate level throughout the
reproduction period to both torn and hen turkeys of medium and large white varieties.

The basal diets used in this experiment were breeder diets routinely fed to the
pedigree flock at the Research Center. Both males and females were subjected to
three treatments: (1) basal diet throughout, (2) basal diet plus 440 milligrams (mg.)
of Neomycin-Terramycin (220 mg* of Neomycin sulfate and 220 mg, of oxytetracycline
hydrochloride per kilogram of feed) once each 28 days throughout the breeding season,
and (3) basal diet plus 110 mg. of Neomycin-Terramycin (55 mg. of Neomycin sulfate
and 55 mg. of oxytetracycline hycrochloride) per kilogram of feed. The antibiotic
supplemented feed in Treatment 2 replaced the basal diet in the amount of 908 grams
per male and 681 grams per female each 28 days. These amounts of feed were consumed
in about 2 days.

Male Reproduction

Two pens containing 42 males each were designated for each treatment. Semen
volume was measured immediately preceding and bi-weekly during the reproduction
period. Sperm concentration and percent abnormal sperm were measured in the middle
and near the end of the reproduction period.

Semen volume and quality measurements are summarized in Table 1. Sperm concen-
tration was significantly greater in both the antibiotic fed groups during May but
not in March. This was, however, accompanied by a highly significant increase in
the number of abnormal sperm. Percentage of abnormal sperm and sperm concentration
taken midway through the test period (March) revealed no significant treatment effects.
Semen volume was not affected by supplementation with antibiotics.

Female Reproduction

Six pens of 14 hens each were assigned for each of the three treatments. The
semen from one pen of toms was used to inseminate one pen of hens from each of the
three treatments. The mating was paired, with the semen from one male being used
to inseminate one female.

Neither the average number of days to production of the first egg after initia-
tion of a 14-hour light day nor the average egg production were significantly affected
by the dietary treatments (Table 2). The average egg weight (87.6 grams) was the same
for all groups.

The results of dietary antibiotic supplementation on fertility and hatchability
of fertile eggs are shown in Table 3. Continuous feeding of Neomycin-Terramycin sup-
plement at a level to provide 110 ing, per kg. of feed significantly depressed fertility

•'•Supported in part by a grant from the Charles Pfizer & Company, Terre Haute, Ind.
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Table 1.—The Effect of Dietary Neomycin-Terramycin Supplementation on Semen
Traits of Turkeys.

Semen Volume (cc)
Pre-

Antibiotic Experi- Experi- Abnormal Sperm
Supplementation mental mental1 March May

Sperm Concentration
(Fluorometer Units)
March May

None

Intermittent

Continuous

0.2U7

0.230

0.267

0.2U;

0.230

0.2UO

26.8

29.7

29. U

17.0

204

2U.6

29.0

29-5

30.^

30.6

3U.O

3U. 6

Average of 8 values at bi-weekly intervals.

in females. Feeding of 681 grams of a ration containing 440 mg. per kg. of supple-
ment once during each 28 days produced a slight depression in fertility. The fertil-
ity of males was not significantly altered by the dietary treatment. Hatchability of
fertile eggs was not affected by antibiotic supplementation in males or females.

Feed consumption of the females was very significantly reduced by the intermit-
tent feeding of the antibiotic supplement (Table 4). Since egg production was un-
changed, the net result was a significant improvement in feed utilization for egg
production. Differences in feed consumption in the males were not significant.

Previous research on antibiotic feeding indicates that antibiotics are more
beneficial under stress or disease conditions. In the present experiment, the man-
agement and housing conditions were excellent and no apparent incidence of disease
occurred. Furthermore, the reproductive performance was considered to be very good.
The lack of response to antibiotic treatment under these conditions further supports
the conclusion that antibiotics are effective primarily under stressful conditions.

Table 2.—The Effect of Neomycin-Terramycin Supplementation on Egg
Production of Turkeys.

Antibiotic
Supplement at ion

None

Intermittent

Continuous

Days to
First Eggl

23*0

22.7

23. k

Number of Eggs Per Hen
6U Day 120 Day

U7-5 63.6

U6.5 63-3

U6 . 5 6U . 1

180 Day

82.2

83-8

8U.7

From initiation of lU-hour light day.
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Table 3.—The Effect of Neomycin-Terramycin Supplementation on Fertility and
Hatchability of Fertile Eggs.

Male Treatment
Antibiotic

Supplement at ion

None

Intermittent

Continuous

Average

None

Intermittent

Continuous

Average

None

7S.U

7U-7

77. h

75-8

69.8

71.8

71.1

70.9

Female
Antibiotic

Intermittent

Fertility

73- U

68. h

77-8

73-2

Hatchability

69.1

66.2

66.8

67. U

Treatment
Supplementation

Continuous

69-0

71.0

66.9

69.0

61.6

69-7

70.6

67.3

Average

72.6

71. k

7U.O

66.8

69.2

69. h

Table U.—The Effect of Neomycin-Terramycin Supplementation on Feed
Consumption and Feed Conversion.

Antibiotic
Supplement at ion

None

Intermittent

Continuous

Males
Feed Cons.
/Bird/Day
(gm.)

U27

hko

U27

Females
Feed Cons.
/Bird/Day

(gin-)

212

181

211

Feed Cons.
/Egg
(gmO

U33

36Ii

U27
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TURKEY BREEDERS MUST HAVE A BROODY MANAGEMENT SYSTEM

Philip A. Renner and Karl E. Nestor
Department of Poultry Science

Whenever turkey breeders gather, the problem of broodiness in turkeys is fre-
quently discussed. Some turkey hatching egg producers believe that the primary
turkey breeders are to be blamed and that broodiness should be reduced by genetic
selection. Research indicates that this is possible, but not without sacrificing
gains in growth rate. Thus good breeder hen management is necessary. Some workable
system for identifying broody hens must be employed and set up on a regular basis.
This system may vary from farm to farm.

At the Research Center various broody management treatments were tested. High
intensity light vs. low intensity light in the broody pens were compared. It is
believed in the turkey industry that high intensity light in the broody pen may
cause turkey hens to become refractory to light. In this experiment, 24 hours vs.
14 hours of light per day in the broody pen were compared.

The system for identification of broody turkey hens at the Research Center is
close to ideal, but not very practical for commercial use. Turkey hens are trap-
nested and individual egg records are kept for each hen. Broodies are removed from
the nests immediately before the lights go off at 5:00 p.m. on Monday, Wednesday,
and Friday. In this way the regular labor force can be used to remove broody hens.
Hens which are on the nest and do not have a hard-shelled egg in their uterus and
have not laid that day are considered broody. A hen which has not laid for 5 or
more days is palpated on Friday; if there is no hard-shelled egg in the uterus, she
is considered broody. This is to identify pauses in egg production which may or
may not be due to broodiness. Hens are returned to their laying pens on Monday,
Wednesday, and Friday mornings.

Five broody treatments were tested in two studies in each of 2 years. The
first study consisted of two treatments: hens (31 in 1969 and 20 in 1970) were
selected randomly to be placed in a broody cage on 14 hours of high intensity light
(14 hours of light and 10 hours of darkness) when they were identified as broody.
The remaining 123 hens in 1969 and 70 hens in 1970 were removed when they went broody
to a wire-floored broody pen and given 24 hours of light of a similar intensity.
Thus, in this study, the relative effectiveness of 14 hours and 24 hours of high in-
tensity light was studied. A commercial large type hen was used in 1969 and medium
type hens from three lines maintained at the Research Center (egg, semen, and ran-
dombred control) were used in 1970*

For the purpose of analysis, a hen was considered as having a broody period if
she had a pause in production for 5 or more days. Total days broody was obtained
by multiplying the number of broody periods per hen by the average length of the
broody period. Rate of lay was calculated by dividing the number of eggs by the
total days of production minus total days broody.

There was no significant difference between the two broody management treat-
ments in 1969 (Table 1) or 1970 (Table 2) . There were large differences between
lines in 1970. The majority of these were highly significant.

In the second study, three different broody management treatments were compared.
In the first treatment, broody hens were placed in a low light intensity broody pen
(3.8 foot candles in 1969 and 4.9 foot candles in 1970) with slatted floors. The

-45-







hens were lighted for 24 hours per day. This broody pen was located in a different
building than the breeder house.

A second treatment consisted of placing broody hens in a high intensity light
pen (greater than 20 foot candles), which was similar to the low intensity light
broody pen. This pen received 24 hours of light per day.

In the third treatment, broody hens were removed from the trapnests and placed
in a broody cage located within the breeder pen. The light intensity was similar
to the first treatment except that the lights were only on for 14 hours per day.
Broody hens in all three treatments were identified and removed as described prev-
iously.

Neither the egg production nor the level of broodiness of the hens receiving
the high intensity light broody treatment was significantly different from the othei
two treatments in large (Table 1) or medium type (Table 2) turkeys. This indicates
that light intensity has little influence in a broody management system where broody
hens are identified before their broody period becomes well established. The use of
cages within the breeder pens was slightly less effective than the other two treat-
ments in reducing broodiness (Tables 1 and 2) . However, the differences were not
significant and the level of broodiness in these hens was not high.

Based on the data collected in both studies in 2 years, it appears that light
intensity, length of lighting, and type of change in environment are not major fac-
tors in breaking up broodiness with the system of identification of broody hens used
in these studies. A general comparison of results obtained with the present method
of broody hen identification with other methods used in previous years (Renner and
Nestor, OARDC, Turkey Research - 1966) indicates that the present method is very
superior. This suggests that identification of the broody hen before she becomes
well established in a broody period is a very important factor.

Commercial breeders need to tailor a broody management system to fit their par-
ticular operation. However, this system should include some method of accurate
identification of the broody hen.
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A POSSIBLE NEW APPROACH TO BROODY HEN MANAGEMENT
UTILIZING THE LIGHTING PROGRAM

Wayne Bacon and Karl Nestor
Department of Poultry Science

Broodiness in turkeys continues to be a problem of economic importance. It is
costly in terms of lost egg production and the increased labor required to conduct
a successful broody hen management program. Most commercial turkey hen flocks are
kept for 20 weeks of production. During this 20-week period, two broody periods
per hen of about 10 to 16 days each can be expected. Assuming an over-all egg pro-
duction of 50%, 10 to 16 eggs of a potential 70 eggs would be lost. This amounts to
between 14 and 23% of the total potential eggs. If an effective management program
relatively free of additional labor could be designed to prevent hens from going
broody, increased poult production efficiency would result.

Lighting programs and treatments may offer help in preventing broodiness. It
is a common industry practice to hold matured prospective laying hens out of egg
production with a lighting program of 6 hours of light and 18 hours of darkness per
day. Three weeks prior to the desired time of egg production, the birds are exposed
to 14 hours of light per day. This method of controlling the initiation of egg pro-
duction is simple, inexpensive, and nearly free of added labor.

Broodiness may occur in hens treated as described above at any time after 4 or
5 weeks of egg production. When broodiness is allowed to proceed uninterrupted, the
bird eats little, loses weight, and does not lay eggs. If broodiness in the hen is
detected early, it may be terminated by exposing her to continuous light of a greater
intensity for one or two 24-hour periods. After such a treatment, most hens will
resume egg production within 10 days. However, the egg production lost during broodi-
ness and the added labor required to apply this broodiness termination treatment both
add to inefficient poult production.

Commercial egg producers use various methods to control broodiness. Some pro-
ducers remove all hens on the nests in the late afternoon. The birds are then placed
in a separate area of the house and exposed to continuous light of a greater intensity
for 1 day. Other producers switch birds from one pen to another when inseminating.
Still other producers use various combinations of the above treatments.

Normal broodiness control at OARDC utilizes the trapnest records. On Monday,
Wednesday, and Friday of each week, the caretaker checks the record of each hen on
the nest at 4:00 p.m. If no egg was laid that day and there is none in the uterus,
the hen is placed in a broody pen. After about 12 weeks of production, all birds
which have not laid for 5 or more days are also removed to the broody pen.

If the incidence of broodiness could be reduced by a simple method, greater pro-
duction efficiency would result. A possible broodiness preventive treatment, investi-
gated here was a simple manipulation of the lighting program. This consisted of ex-
posing laying birds to 1 or more days of continuous or interrupted light periodically
during the laying season.

Twelve pens containing 12 medium white hens each were used in this study. Six
of the pens were controls and received the normal broodiness management program al-
ready described for OARDC. The other six pens were exposed periodically to contin-
uous or interrupted light as shown in Figure 1. Broodiness control was also dif-
ferent from the controls. Only birds out of production at least 5 days were removed
once weekly, beginning with the 7th week of production.
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Table 1.—Comparison of Egg Production and Broodiness Traits Between
Treated and Control Birds.

Broodiness
Egg P e r i o d s % ¥ith Length Days

Production Per Hen No Periods of Period Per Hen
(days)

Controls No. Hens 71

Mean 90.9

Treated No. Hens 70

Mean 85-1

71

1.8

70

1.8

71

21J6

70

21%

10.1

67

19-U

70

28.8
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PROGRESS REPORT ON THE OARDC SPECIFIC PATHOGEN
FREE TURKEY FLOCK

Y. Mohamed Saif
Departments of Poultry Science and Veterinary Science

and E. H. Bohl
Department of Veterinary Science

The economic significance of turkey diseases is a well documented fact. Sev-
eral approaches have been applied for the control of diseases. The concept of rais-
ing specific pathogen free (SPF) animals is a descendant of the disease eradication
approach. After eradication of a certain pathogen (disease-causing agent) , the re-
maining population of animals is said to be specifically free of this pathogen.
This population has to be protected against the re-introduction of this pathogen.
Modern management practices require raising large numbers of birds in closed houses,
where the environment can be controlled. The concentration of large numbers of
birds in limited space facilitates spread of diseases. Under such management sys-
tems, it is necessary to take strict precautions to prevent the re-introduction of
eradicated pathogens.

In 1965, a project was initiated at the Ohio Agricultural Research and Develop-
ment Center to establish a SPF turkey flock. This flock was intended to be free of
Mycoplasma, Salmonella, and Arizona infections which can be detected by the available
laboratory methods. The feasibility of developing and maintaining such a flock for
several generations was the main objective of this project.

Mycoplasma meleagridis was the pathogen frequently encountered in the parent
flock studied. A considerable effort was made to select a group of breeder males
and females which would be free of this infection. The process of selection was
determined by cultural and serological examinations.

A series of serologic tests for AT. meleagridis antibodies were conducted on
some breeder male and female turkeys maintained under conventional range and housing
conditions. Serologically positive birds were removed from the flock. After six
serologic tests conducted over a period of 13 weeks, only a few birds remained neg-
ative. These birds were transferred to another building and maintained under strict
isolation conditions. No Mycoplasma was isolated from the tracheas, vaginas, or
semen of any of the birds. Serologic tests were negative for antibodies against
Salmonella pullorum, S. galllnarum, S. typhimurium, Paracolon, and Mycoplasma
ga,llz&epticum. Rectal swabs and bedding material were negative for Salmonella and
Paracolon isolations. The flock was kept in production for 10 weeks, during which
period the birds were tested three times with negative results for Mycoplasma, Sal-
monella, and Paracolon.

Eggs collected during the period of production were placed in a new incubator,
exclusively used for eggs from that source, A total of 226 poults were hatched.
Forty-six 1-day old poults and 20 3-week old poults from the 10 hatches were bled,
killed, and examined. No air sac lesions or Mycoplasma were detected. Blood sam-
ples and swabs from the tracheas and recta were collected from all birds at 3 weeks
of age. Blood serums were tested for M. meleagridis antibodies and the rectal swabs
were tested for Salmonella and Arizona, with negative results.

On the basis of these tests, the flock was declared SPF and transferred into
another building specifically designed for housing SPF birds. This house is away
from other poultry houses, has a cement floor, and is well screened. A similar



monthly monitoring schedule was followed from the 3rd to the 36th week of age. Be-
fore the flock came into production, serum from each bird was tested for antibodies
against M. ̂gallisepticum, S. pullorum, S. gallinarum, S. typhimurium, and Paracolon
and isolations were attempted for these pathogens. The results were negative.

The sixth generation of SPF birds is now being maintained at the OARDC, No
evidence of infectious diseases was detected in any of these generations. After
gaining confidence in the procedures used, the number of cultural and serologic
tests used for monitoring the status of the flock was reduced. Representative
samples from hatching day-old poults are examined and the flock is bled and swabbed
at 3 weeks of age, before production, and at the time of disposal. *

Some of the procedures used for maintaining SPF turkeys are:

1. Access to the SPF house is limited to research personnel and one
attendant who has no other connection with poultry.

2. All management routines are performed by the same persons, who
wear new, clean coveralls and boots on each entry to the house.

3. One incubator is used solely to incubate eggs from this flock.

4. The SPF house is left empty for approximately 1 month between
generations, during which period the house is cleaned and disin-
fected.

5. The rations fed are mostly of vegetable origin. This is done in
an attempt to minimize the introduction of Salmonella organisms
via products of animal origin.

6. All the feed is pelleted, with the expectation that the heating pro-
cess will eliminate or reduce pathogens that might exist in the feed.

7. No antibiotics are used.

8. No vaccines are used.

9. A coccidiostat and a histostat are the only medications used.

Observations have been made on flocks originating from the same parent flock
used to produce the SPF flocks. These flocks have been maintained under conven-
tional conditions during the last 6 years. The following infections were encountered
in these flocks: Newcastle (resulting from vaccination), fowl pox (resulting from
vaccination), Erysipelas, arthritis (caused by Streptobacillus moniliformis) , arth-
ritis (caused by Staph), Paracolon, sporadic cases of infectious Keratoconjuctivitis,
and sporadic cases of tapeworm infection.

The experience obtained in developing and maintaining SPF turkey flocks are
presented here to stimulate some thinking on the industry side. The program initi-
ated at the OARDC was successful and the benefits are obvious. This program can be
slightly modified to meet field conditions.
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FACTORS AFFECTING ANTIBIOTIC ABSORPTION BY EGGS
DIPPED IN ANTIBIOTIC SOLUTIONS

Y. Mohamed Saif
Departments of Poultry Science and Veterinary Science

and K. E. Nestor
Department of Poultry Science

Dipping hatching eggs in antibiotic solutions for the control of Mycoplasma
infections has been widely used. Recent information obtained at the Ohio Agricult-
ural Research and Development Center indicated the value of this method in control-
ling Paracolon infection in turkey eggs and its potential for controlling other egg-
transmitted pathogens.

Two methods of egg dipping are commonly used. The first is the temperature
differential (TD) method, which consists of dipping pre-warmed eggs in a cold anti-
biotic solution. The second method is the pressure differential (PD), where eggs
are subjected to a negative pressure followed by atmospheric pressure while dipped
in an antibiotic solution.

In the TD method, warming of the eggs causes expansion of the egg membranes
and air escapes from the egg air cell. When the eggs are placed in the cold anti-
biotic solution, the membranes shrink, leading to absorption of the dipping solution.

In the PD method, the eggs are placed in a vat containing the antibiotic solu-
tion, the vat is sealed, then pressure is reduced below atmospheric pressure. When
the vat is opened, the increased pressure above the dipping solution forces the anti-
biotic solution into the eggs.

A study was initiated at the OARDC to investigate some of the factors affecting
antibiotic absorption when both the PD and TD methods were employed. The antibiotic
tylosin tartrate (Tylan) was used for dipping. The dipping solution contained 0.35%
of the iodine compound losan, which was added to curb the build-up of bacteria. The
amount of the antibiotic absorbed by individual or groups of eggs under different
conditions was estimated. The effect of dipping turkey eggs on hatchability, growth
rate, and early mortality is also reported.

When using the PD method, the following factors were found to affect the amount
of antibiotic absorbed:

1. The amount of reduced pressure

2. The duration of time when the eggs remained in the dipping solution
under reduced pressure.

3. The duration of time eggs remained in the dipping solution at atmos-
pheric pressure following reduced pressure.

The results indicated that increase in the amount or duration of the mentioned
factors caused an increase in the amount of antibiotic absorbed.

Other factors which were found to influence the PD method and also can affect
the TD method are:

1. The physical structure of the species and individual eggs.
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2. The process of cleaning the eggs.

3, The age of eggs at the time of dipping.

The results indicated that chicken eggs contained more of the antibiotic than
turkey eggs similarly treated. This might be accounted for by the species differ-
ences in the number and size of shell pores. Chicken eggs also have more surface
area per volume of egg content than turkey eggs.

There was a wide range in the amount of antibiotic absorbed by eggs treated
under identical conditions (Table 1). This might be due to differences in number,
size, and condition of the shell pores and cuticle. There was no relationship be-
tween the initial weight of the eggs and the amount of antibiotic absorbed; i.e.,
large eggs did not necessarily absorb a higher amount of the drug than small eggs.

It was found that eggs washed by gentle scrubbing in a detergent solution ab-
sorbed less antibiotic than unwashed eggs. This might be due to blockage of the
shell pores during the washing process. Similar results were reported when eggs
were sanded.

There was an increase in the amount of antibiotic absorbed as the age of eggs
increased (Table 2). The increase was greater in chicken eggs than in turkey eggs.
This is probably a result of an increase in porosity with aging.

Preliminary trials indicated that dipping turkey eggs in tylosin tartrate had
no significant effect on percent hatchability of fertile eggs (Table 3). The poults
hatched from the dipped and control eggs did not differ significantly in body weight
at 2 weeks of age or in the mortality occurring during the first 2 weeks after hatch-
ing. Dipping eggs significantly lowered the incidence of air sac lesions in day-old
poults.

In other trials, eggs laid by three groups of turkey hens during a 12-week per-
iod were dipped using the TD and PD methods. The results are presented in Table 4.
Dipping eggs by either method reduced hatchability of fertile eggs. The difference
from the controls was not significant for the first 8 weeks of the reproduction
season. However, when the entire 12-week period was considered, the dipping of eggs
significantly reduced hatchability. Dipping of eggs by either method had no signi-
ficant effect on body weight of male offspring at either 8 or 16 weeks of age.

Mortality prior to 8 weeks of age was higher in poults hatching from dipped
eggs. These differences approached significance at the 5 percent level. Highly
significant differences between weight groups were evident in all traits. There
were no significant interactions between dipping treatments and weight classification.

Eggs used in this study came from a parent flock with a low incidence of Myco-
plasma meleagridis. In other trials, researchers at other institutions reported a
favorable effect on hatchability but eggs used in their experiments came from flocks
with a high incidence of M. meleagridis.

The results indicate that in the absence of a high incidence of M. meleagridis
infection, the type of antibiotic used might have a harmful effect on hatchability.
This is supported by the fact that hatchability was reduced in the late part of the
reproduction season. The porosity of eggs increases in this period, leading to more
antibiotic absorption.
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CONTROL OF PARACOLON INFECTION

Y, Mohamed Saif
Departments of Poultry Science and Veterinary Science

and L. C. Ferguson
Department of Veterinary Science

Paracolon infection remains one of the important diseases of turkeys. Injec-
tion of day-old poults with one or more antibiotics has been widely practiced in an
attempt to reduce the mortality of poults caused by the infection. This treatment
has helped in reducing the mortality, but it does not necessarily eliminate the in-
fection from treated poults. Mature birds which were treated at 1 day of age some-
times carry the infection and shed the organism in the fecal material where it can
contaminate the eggs. Poults hatched from contaminated eggs may carry the infec-
tion, which results in high mortality and morbidity. It becomes necessary then to
treat all day-old poults, and it is obvious that this is not an ideal way of control-
ling the infection. The use of blood tests to detect the carrier birds before breed-
ing has not worked satisfactorily in the case of paracolon and another approach had
to be attempted for the control of this infection.

A study was undertaken at the Ohio Agricultural Research and Development Center
to investigate the possible use of dipping eggs in antibiotics for the control or
possible eradication of the Paracolon 7:1,7,8 from turkey hatching eggs.

The antibiotics gentamicin sulfate and spectinomycin sulfate were used singly
and combinations of spectinomycin sulfate and lincomycin sulfate were also tested.

Experimentally infected eggs and naturally infected eggs derived from experi-
mentally infected hens were dipped. Eggs used were derived from flocks of large
and medium white turkeys.

A negative pressure procedure was developed for infecting the eggs and a tempera-
ture differential (TD) method was used for dipping. The TD procedure consisted of
heating the eggs for 3 hours at 100° F. followed by dipping in a sterile antibiotic
solution for 5 minutes at 45° F. All of the antibiotic solutions contained 0.35% of
an iodine compound (losan) to curb the build-up of bacteria.

Dipped eggs were incubated and candled after 7 days. All infected-treated eggs
were opened and examined for evidence of paracolon infection after candling. A
group of non-infected antibiotic-dipped eggs were included in each experiment to test
effects of the drugs on the embryo and on hatchability. Poults hatched from this lat-
ter group were raised to 4 weeks of age to find effects of the drugs on growth rate.

Four trials were conducted using spectinomycin alone and a combination of spec-
tinomycin and lincomycin for treating eggs. Several levels of the drugs ranging
from 2000 to 250 ppm. were tested. The results are summarized in Tables 1 and 2.
These results indicate that the drugs had little value in the control of the infec-
tion. It was noticed that these drugs protected the embryo from early mortality,
although the infection persisted. When 115 infected-non-treated eggs were candled,
51.3% of these eggs had dead embryos, whereas infected-treated eggs had 3.4% dead
embryos.

Five trials were conducted using gentamicin. Results of these trials are sum-
marized in Table 3. The results indicate the effectiveness of gentamicin sulfate
in treating eggs at 2000, 1000, 500, and 250 ppm. levels. The organisms which were
isolated from two eggs treated with 500 ppm. were obtained in the second trial but
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were not identified. It is probable that these organisms were not paracolon, but
resulted from laboratory contamination, since the organism was isolated from the
laboratory and strict laboratory procedures resulted in failure to isolate the organ-
ism from eggs treated subsequently with the same level of the drug.

Results of testing for the effects of the drugs on hatchability of non-infected,
treated eggs and the livability and growth rate of poults hatched from these eggs
are summarized in Tables 4 and 5. More data on hatchability, livability, and growth
rate will be subjected to statistical analysis. Primary analysis indicated that the
drugs had no harmful effects.

Results of paracolon isolation from naturally infected eggs are illustrated in
Table 6. Paracolon was isolated from 22 out of 238 (9.2%) non-treated eggs, whereas
attempts to isolate the organism from treated eggs failed.

The data presented indicate the significant value of dipping turkey eggs in
gentamicin sulfate for the control of paracolon infection.

It is interesting to note that results obtained in this laboratory and other
laboratories indicate that gentamicin sulfate is effective against Mycoplasma melea-
gridis and several species of Salmonella in culture media.

Experiments will be underway soon to investigate the effects of egg dipping in
gentamicin on M. meleagridis.

Table 6.—Effect of Gentamicin on Paracolon in Naturally Infected Eggs.

No. of Eggs Drug Cone. Isolations

62*

173**

238***

1000 ppm

500 ppm

Nondipped

0

0

22

""""One trial.
~x-*

Three trials-
rHBC"Four trials.
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RECENT FINDINGS IN MYCOPLASMA MELEAGRIDIS RESEARCH

Y. Mohamed Saif
Departments of Poultry Science and Veterinary Science

Mycoplasma meleagridis has been the subject of research at the Ohio Agricultural
Research and Development Center for the last 6 years. At earlier Turkey Days, re-
ports were presented indicating progress in this area. This report presents infor-
mation obtained at the OARDC and other institutions in the last 2 years.

Another report in this publication indicated the status of the Specific Patho-
gen Free (SPF) turkey flock of the OARDC. The flock has been maintained free of M.
meleagridis for the last 6 years. Apparently it is possible to maintain turkeys
free of M. meleagridis once it is eradicated from a particular flock.

Studies continued to investigate the role of M. meleagridis and Escherichia coli
in airsacculitis.

Naturally occurring airsacculitis complicated with purulent pneumonia, pericar-
ditis, and pretonitis were observed in turkey poults. M. meleagridis and E. coli
were isolated from the lesions.

Experiments were conducted with germ-free and SPF poults to determine the role
of M. meleagridis and a pathogenic strain of E. coli (isolated from the naturally
occurring complicated airsacculitis), singly and in combination, in production of
the disease.

M. meleagridis alone inoculated into the abdominal air sacs of poults caused
an uncomplicated airsacculitis. E. coll in the environment of turkey poults did
not cause any disease.

Complicated airsacculitis, similar to that seen under field conditions, was
reproduced in germ-free and SPF turkey poults by inoculating Af. meleagridis into
the abdominal air sacs and by mixing E. coli in the feed and water. Environmental
factors resulting in stress are considered important for the development of the
disease.

It was interesting to note the occurrence of synovitis in some germ-free
poults which were infected with M. meleagridis only. The organism was isolated
from the affected joints of these birds.

When turkey poults were inoculated with M. meleagridis and Influenza A turkey
virus, singly or in combination, no synergistic effect was detected.

Recent studies conducted in California indicated that some turkey poults inocu-
lated intravenously with M. meleagridis at 2 weeks of age developed a mild form of
synovitis. A progressive histopathologic change was detected in the periarticular
region of the hock joint. The authors indicated that these foci of infection might
be a predisposing factor for subsequent periarthritis and periositis during rapid
growth of bone.

Investigations carried on in Minnesota and Iowa failed to implicate M. melea-
gridis as a causative agent of infertility problems in turkey hens.
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A hemagglutination inhibition (HI) blood test was developed in Iowa for detect-
ing antibodies against M. meleagridis. The test has comparable sensitivity to the
tube agglutination (TA) test developed in Ohio. Both the TA and HI tests are being
used as back-up tests to confirm results obtained by the serum plate test.

Reports from Minnesota indicate that crooked necks and leg problems as well as
airsacculitis were eliminated when Mycoplasma was eliminated from turkey flocks.

Results obtained in Ohio and Minnesota indicate that injection of breeder hens
and toms with antibiotics had no beneficial effect in reducing the transmission of
M* meleagridis or eliminating airsacculitis in young poults.

Treatment of semen, using antibiotics, had no value in preventing the transmis-
sion of the organism in the semen.

It is obvious that egg dipping combined with serologic tests is still the method
of choice for controlling the infection in breeder flocks. It should be emphasized
again that egg dipping alone does not eliminate the infection completely from the
eggs. It does, however, reduce the incidence of the infection substantially. Sero-
logic and perhaps cultural tests should be used to monitor the status of flocks origi-
nating from dipped eggs. On the basis of the results of these tests, the infected
birds should be eliminated. It is necessary to eliminate the infected birds because
one infected torn can transmit the infection to a large number of hens.

Studies were conducted to investigate the mechanism of immune response (the way
the bird responds to infection) of turkeys to M. meleagridis. Live and inactivated
preparations of M. meleagridis were inoculated into turkeys. The development of two
kinds of antibodies were studied. It was found that a massive dose of the live or-
ganism induced the production of an agglutinating and growth inhibiting antibody.
Meanwhile, the inactivated organism induced the production of the agglutinating anti-
body only. There is evidence that the growth inhibiting antibody is the antibody
responsible for immunity. Studies will be undertaken to investigate the possibility
of developing an immunizing agent as another approach to the control of M. meleagridis,
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THE EFFECTS OF LIGHT INTENSITY AND DIETARY FAT ON
THE GROWTH PERFORMANCE OF TOM TURKEYS

Sherman Touchburn, Wayne Bacon, and Margery Topscher
Department of Poultry Science

Substitution of fat calories for carbohydrate calories often results in improved
growth and utilization of protein and energy. One possible explanation of this phen-
omenon is the greater metabolic efficiency associated with direct deposition of die-
tary fat as compared to forcing synthesis of fat from dietary carbohydrates.

Another possible explanation of the growth enhancing effect of dietary fat may
be its actual involvement in the growth process. Growth hormone administration can
cause an increase in lipid utilization as demonstrated by a decrease in carcass fat
and increases in serum-free fatty acids and liver lipids. Lipid is accumulated
either by synthesis or deposition at the sites of calcification during long bone
growth. Adult rats given growth hormone accumulate protein and grow only as long as
their lipid stores exist, suggesting that growth may in some way be dependent on a
continuing availability of fats. The net outflow transport of plasma free fatty
acids (FFAfs) also is increased by growth hormone administration, suggesting that
growth hormone shifts the source of metabolic energy to fats.

In broilers, low intensity light has been demonstrated to be superior for sup-
porting growth. Birds grown under 0.5 foot candle (FC) did better than those grown
under higher intensities (Skoglund and Palmer, 1962. Poultry Sci. 41: 1839-1842).
A light intensity of 0.5 foot candle was used to determine optimum length of the
daily light period (Skoglund et al., 1966. Poultry Sci. 45: 1185-1189). It was
found that 12 or 24 hours of light per day was associated with greater final body
weight and more efficient feed conversion than either 3 or 6 hours per day.

The present investigations were undertaken to study the effects of light inten-
sity and added dietary fat on the rate and efficiency of growth. Plasma concentra-
tions of free fatty acids and body fat deposition were also measured.

A series of four experiments was conducted with commercial Large White torn tur-
keys. The poults were brooded conventionally to 8 weeks of age. They were then
weighed and approximately 35 birds were placed in each of 12 pens in an insulated,
windowless, mechanically ventilated house. Variable voltage controllers were used
to regulate the intensity of light provided by incandescent bulbs. Six pens were
exposed to each light intensity. Day length remained constant at 12 hours except as
noted in Experiments 3 and 4, in which lighting was continuous during the last week.

In Experiment 1, the high light intensity was 3.3 foot candles. This was the
average of readings at several locations in the pens at a height of about 1.5 feet.
In Experiments 2, 3, and 4, the high light intensity was 1.0 foot candle. The low
light intensity in Experiment 1 was less than 0.02 foot candle, the lower limit of
the light meter available at that time. In Experiment 2, the low intensity was 0.05
foot candle. In Experiment 3, the low intensity was initially 0.1 foot candle. This
was reduced to 0.04 foot candle when the birds reached 12 weeks of age, 0.02 at 16
weeks of age, and 0.002 at 20 weeks of age. In Experiment 4, the initial low light
intensity was 0.01 foot candle from 8 to 16 weeks and 0.03 foot candle from 16 through
25 weeks of age.

The experimental diets are outlined in Table 1. They were composed of practical
ingredients in the relative quantities described by Naber and Touchburn (1970. Bull.
343, Coop.Extension Service, Ohio State University, Columbus, Ohio.) In these diets,
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protein and energy levels are adjusted according to the age of the birds. Fat sup-
plementation consisted of 3 to 4% hydrolyzed animal-vegetable fat. Upon addition
of fat, the other ingredients were adjusted to provide similar calorie-protein ratios
for each pair of feeds. All feeds were pelleted. Feed and water were supplied ad
libitum. Triplicate pens in each half of the house received either fat-supplemented
or non-supplemented diets in Experiments 1, 2, and 3. All pens received the fat-
supplemented diets in Experiment 4,

To determine blood plasma FFA levels, blood samples were taken at 26 weeks of
age in Experiment 1 and at 12, 16, 20, and 24 weeks of age in Experiments 2 and 3.
The method of Dole (1956. J. Clin. Invest. 35: 150-154) was used.

Estimations of subcutaneous fat deposition were made by the method of Moran
et al. (1967. Poultry Sci. 46: 1295). Testes were also removed and weighed. These
measurements were made at 26 weeks of age in Experiment 1, at 18 and 24 weeks of age
in Experiment 2, and at 12, 16, 20, and 24 weeks of age in Experiment 3.

Interval body weight gains and feed utilization efficiencies were subjected to
analyses of variance. The back fat tissue weights, testes weights, and plasma FFA
values were subjected to analyses of covariance with body weight.

Analyses of variance showed significant effects of light intensity and diet on
weight gain and feed utilization efficiency. The data for the effect of light in-
tensity and diet are presented separately, since almost no interaction of these fac-
tors was noted. The effects of light intensity on average weight gains in Experi-
ments 1 and 2 are presented in Table 2. In Experiment 1, the low light intensity
(< 0.02 FC) was associated with significantly greater weight gains during the 12 to
16 and 22 to 23 week intervals. During the 16 to 22 week and 23 to 24 week inter-
vals, the trend was in the same direction but the differences were not significant.
In Experiment 2, the low light intensity group (0.05 FC) showed a significantly
greater growth rate during the 8 to 12 week interval and a slight improvement during
the 12 to 16 week interval. From 16 through 23 weeks of age, the opposite trend was
noted.

Average weight gains in Experiment 3 are given in Table 3. The birds under low
light treatment were exposed to decreasing light intensities. In the 8 to 12 week
(0.1 FC) and 12 to 16 week (.04 FC) intervals, significantly slower rates of gain
were noted. From 16 to 20 weeks of age, after the low intensity light was further
reduced to 0.02 foot candle, the rates of gain were identical. At 20 weeks of age,
the light intensity was further reduced to about 0.002 foot candle, an almost com-
pletely darkened condition. This had the effect of significantly depressing rate of
growth.

In Experiments 3 and 4, the day length was changed from 12 hours to 24 hours
during the final week of the test. In both experiments the result was a greatly im-
proved rate of growth and feed utilization efficiency in comparison to the immediately
preceding week.

The effect of light intensity on weight gains in Experiment 4 is given in Table
4. The treated birds (0,01 FC until 16 weeks of age) showed lower weight gains dur-
ing the 8 to 10 week interval, greater gains during the 10 to 12 week interval, no
difference during the 12 to 14 week interval, and lower gains during the 14 to 16
week interval. At 16 weeks, the light intensity was increased to 0.03 foot candle.
From 16 to 20 weeks of age, the growth rate remained lower in the birds under low
light intensity. Significantly better growth rates were noted from 22 to 25 weeks
of age. The response to continuous light from 24 to 25 weeks was very striking.
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The effects of light intensity on feed utilization efficiency in Experiments 1
and 2 are given in Table 5, In Experiment 1, the low light intensity treatment
(<0.02 FC) improved feed utilization efficiency except during the final 2 weeks. In
Experiment 2, the low light intensity treatment birds (0.05 FC) showed increased
efficiencies through 16 weeks of age. From 16 weeks through 23 weeks of age, feed
utilization efficiency was negatively affected in these birds. The results from
Experiment 3 are given in Table 6. Except for two brief periods, there was a lack
of significant differences associated with light intensity despite the much reduced
rate of gain noted in the birds under low light intensities.

In Experiment 4, feed utilization efficiency was significantly improved under
the low light intensity (0.01 FC) for the intervals of 8 to 10 and 10 to 12 weeks of
age (Table 7). It was, however, depressed between 14 to 16 weeks of age and remained
so through 20 weeks of age regardless of the light intensity increase to 0.03 foot
candle at 16 weeks of age. From 22 to 25 weeks of age, feed utilization efficiency
was again superior. The improvement in efficiency during the final week was again
very pronounced.

Supplemental dietary fat was associated with greater growth increases during
most of the age intervals in Experiments 1, 2, and 3 (Table 8). The average body
weights at 24 weeks of age for the birds given the basal diets and for those given
fat-supplemented diets were, respectively: Experiment 1, 26.47 and 26.97 Ib.; Ex-
periment 2, 24.79 and 25.45 Ib.; Experiment 3, 28.40 and 28.97 Ib. The difference
is significant only in Experiment 2. Improvements in feed utilization resulting
from added dietary fat (Table 9) were more pronounced and followed a similar pat-
tern to that of final body weights.

Table 5*—Effect of Light Intensity on Interval Feed Utilization Efficiency.

Age,
Weeks

8-12

12-16

16-20

20-22

22-23

23-2U

2U-25

25-26

Experiment
3-3 PC
Ib.

.81

.6h

-U6

.U6

.Uo

.37

.U2

.UO

1
<.02 PC
Ib.

.881

.70

.51

.U8

.50*

•U3

.ia

.33

Experiment
1.0 FC
Ib.

.91

.57

-U7

.U5

,.U6

.Uo

2
.05 FC
Ib.

.981

.60

-U5

-391

.313

.U8

Differences significant at p less than:1, 0.05; 3j 0.005-
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Mean testes weights were significantly smaller in birds under low intensity
light treatments (Table 10) in Experiments 1 and 2. Diet alone had no significant
effect, but there was a significant effect due to interaction between light inten-
sity and diet. Supplemental dietary fat was associated with increased testes weights
in the birds under low intensity light but decreased testes weights in those under
high light intensity. There is no readily apparent explanation for this observation.

In Experiment 3, no interaction was noted (Table 11). For the 12, 16 and 24
week samples, fat supplementation had no effect on testes weights. In this experi-
ment, light intensity had no effect on testes weights through 20 weeks of age. Tes-
tes weights were significantly smaller in the low intensity group by 24 weeks of age.

Back fat tissue weights for Experiments 1 and 2 are given in Table 12. The cor-
relation of tissue weight with ether extract weight was 0.998, so the tissue weights
themselves accurately represent fat content. In both experiments, low intensity
light was associated with significantly increased fat deposition. Supplemental die-
tary fat was correlated with increased fat deposition only in Experiment 2. Back
fat tissue weights measured at 12, 16, 20, and 24 weeks of age in Experiment 3 showed
no significant differences due to treatments (data not shown).

Plasma FFA levels were measured at 26 weeks of age in Experiment 1 and at 12,
16, 20, and 24 weeks of age in Experiments 2 and 3. In the latter two experiments,
the pen means were adjusted to a constant body weight by covariance analysis within
each age grouping. These means were then tested for effects of age of birds, light
intensity, and diet.

In Experiment 2, plasma FFA levels increased significantly with age (Table 13).
An interaction between age and light intensity was also apparent. At 12 and 16 weeks
of age, plasma FFA levels were higher in birds under low intensity light than in the
ones under high intensity light. After 20 weeks of age, the effect was reversed.
The levels of FFA and growth performance were strikingly similar, with the superior
gains and feed utilization efficiencies being correlated with increased plasma FFA
levels in the early age periods and inferior gains and feed utilization efficiencies
accompanied by decreased plasma FFA levels in the later stages of growth.

In Experiment 1, plasma FFA levels were determined only at 26 weeks of age.
The lower plasma FFA values of the birds under the low intensity light were also
associated with the poorer growth and feed utilization efficiency observed from 24
to 26 weeks of age.

In Experiment 3, the relationship of reduced growth and lower plasma FFA levels
held true only for the 8 to 12 week interval. Plasma FFA values at subsequent ages
showed no significant differences, while weight gains were significantly depressed
under the low light intensity treatment. Thus, the close relationship between plasma
FFA level and growth performance suggested by Experiment 2 must be considered very
tenuous.

The greatest improvement in growth rate associated with low intensity light
occurred in the first experiment. In this experiment, the high intensity light was
3.3 foot candles and the low intensity light < 0.02 foot candle. It is possible
that the higher intensity may have depressed rate of growth and feed utilization
efficiency. In subsequent experiments, when the high intensity light was a more
moderate 1.0 foot candle, the low intensity of 0.05 and 0.01 foot candle resulted
in greater growth rate and feed utilization efficiency up to 12 weeks of age. The
lowered rate of growth and feed utilization efficiency from 16 to 23 weeks of age
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Table 13-— Effect of Age and Light Intensity on Plasma FFA Levels.

Age,
Weeks

12

16

20

2U

Statistical Significance:
Age
Age X Light Intensity

Light
Intensity_

1.0
0.0^

1.0
0.05

1.0
0.05

1.0
0.05

p< 0.005
p< 0.025

Plasma
FFA

micro moles/ml

0.3li6
0.368

Mean 0.357

0.389
o.ia5

Mean O.U02

o.Uo5
O.U07

Mean 0.1*06

0.511
O.ii02

Mean O.lj.56

in Experiment 2 (0.01 FC) and 14 to 20 weeks of age in Experiment 4 (0.01 and 0.03 FC)
seem paradoxical. In Experiment 3 the lowered rate of gain under 0.1 and 0.04 foot
candles was no longer apparent after the light intensity was further lowered to 0.02
foot candle at 16 weeks of age. This may suggest that light intensities as low as
0.02 foot candle may be critical during the early part of the growth period. The
depressing effect of the very low light intensity during the latter part of this ex-
periment is probably associated with the restricted feed consumption. This interpre-
tation of the data is supported by the very limited effect on feed utilization effi-
ciency and the reduced physical activity of the birds in this environment.

As toms approach 20 weeks of age, they begin to exhibit a mature sexual behavior
pattern by strutting, gobbling, and fighting. The low intensity light treatments in
each experiment practically eliminated these activities. The subdued behavior re-
sulted not only in a cleaner, smoother-feathered appearance, but also in the absence
of injuries and deaths due to fighting which normally occurs in toms of this age.

The improved performance observed upon switching from a 12 to a 24 hour day
during the final week in Experiments 3 and 4 is worth noting. In comparison, Skoglund
et al. (1966. Poultry Sci. 45: 1185-1189) found that 12 hours of light per day was as
effective as 24 hours in promoting growth in broilers. The improvement of rate of
growth and feed utilization efficiency resulting when fat is added to the diet was
consistent in the first three experiments. This further confirms work from this and
other institutions.
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FREE FATTY ACID REMOVAL FROM PLASMA AND
INCORPORATION INTO STORAGE FAT IN GROWING MALE TURKEYS

Margery Topscher and Wayne Bacon
Department of Poultry Science

Long term storage of energy in animals takes place in the fat tissues. The
storage form in fat is mainly triglyceride (TG), a type of molecule which is com-
posed of three fatty acid (FFA) molecules and one molecule of glycerol. In birds,
triglycerides are synthesized in the liver and then transported as lipoproteins to
the fat tissues for storage. The free fatty acids used for TG synthesis come either
from the blood or directly from their site of synthesis in the liver. Blood sources
of FAfs are the fat tissues, the liver, or the diet.

Triglyceride synthesis can be studied by utilizing the incorporation of radio-
active FAfs. Their use in this experiment enabled the calculation of individual
FFA removal rates from the plasma, of their relationship to plasma FFA concentra-
tion, and the time lag before their incorporation into triglycerides.

Turkeys grown under a low vs. normal intensity of light in previous experiments
tended to show a better feed conversion, greater body weights at market age, and
better finish. These effects may be associated with a difference in fatty acid uti-
lization.

Four fatty acids were chosen for study based on their predominance in normal
plasma. These fatty acids and their percentages of total plasma FA are palmitic
(24%), stearic (17%), oleic (25%), and linoleic (26%),

In the blood plasma, FFA's are complexed to albumin, their natural carrier pro-
tein. Therefore each of the four chosen FFA's were first complexed with serum al-
bumin prior to injection. All animals injected were 24-week-old males. They were
raised under 12 hours of light per day at either 1.0 or 0.05 foot candles. Feed and
water were given ad libitum. Two birds from each light treatment were studied with
each FA.

A pre-injection blood sample of 5 ml. was taken from each experimental bird for
the determination of FFA concentration (Dole, 1956. J. Clin. Invest. 35: 150-154).
Then 2.0 ml. of C1^-labeled serum was injected into one wing vein. Samples of 5 to
6 ml. were removed through a catheter inserted in the vein of the opposite wing.
The sampling times were 0.5, 1, 2, 3, 5, 7.5, and 12 minutes after injection. Fur-
ther samples were taken at 20, 30, and 60 minutes post-injection. The samples were
placed in heparinized tubes and the plasma removed after centrifugation.

Plasma was extracted for total lipids (Folch et al., 1957. J. Biol, Chem. 226:
497-509). The extract was separated into zones containing phospholipid, cholesterol,
fatty acid, triglyceride, and cholesterol ester by using thin layer chromatography,
The radioactivity from each zone was determined.

The data for the first four samples showed a linear decrease when plotted on a
semilogarithmic scale. Therefore these data were used to calculate the half-life
and FFA clearance rate in each bird. Since the high and low light treatments seemed
to have no effect, the data from all birds injected with one acid were combined.
Clearance rates were calculated from the relationship K » Q.623M/t^2 (Heald and
Badman, 1963. Biochim, Biophys. Acta 70: 381-388) where K is the clearance rate in
yM FFA/ml. per minute, t̂ 2 is the half-life in minutes of the injected FA, and M is
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plasma FFA concentration in yM FFA/ml plasma. The mean plasma FFA concentrations,
half-lives, clearance rates and body weights are given in Table 1.

The half-lives indicate that oleate was removed about twice as fast as stearate.
These are the only half-lives which are significantly different from each other at
the 5% level. Palmitate and linoleate half-lives were very similar.

Clearance rates for palmitate and stearate are similar but FFA concentration
for the palmitate-injected birds is significantly lower. This can be attributed to
the chance selection from a limited number of birds. Since clearance rates are de-
termined by FFA concentration and half-life, the apparent low palmitate clearance
rate can be attributed to selection of birds with low FFA concentrations. However,
the low stearate clearance rate in comparison to those of oleate and linoleate is
more likely a real difference. Differences in body weight were not significant.

Fatty acid incorporation into triglycerides was first detected between 12 and
20 minutes. This agrees with data obtained with rats. Peak TG radioactivity was
observed at 30 minutes in five of the birds and at 60 minutes in the other three.
No incorporation was found in the other lipid fractions.

When FFA!s are removed from plasma, they may enter several different pathways.
They may be synthesized into triglycerides, tranported into extracellular spaces,
or oxidatized for energy production. In birds, TG's are synthesized in the liver.
They are transported as lipoprotein complexes to the fatty tissues. Here the TG
is removed and stored. The amount of "finish" on a dressed bird is directly pro-
portional to the amount of TG stored.

In the present experiment, no differences in fatty acid removal rates were de-
tected in birds raised under the two light treatments. However, differences were
noted between fatty acjlds.

More precise data are needed to interpret the reasons for these differences be-
tween the removal rates of these fatty acids. Estimation of FFA quantities entering
the other pathways will be made in the future.

Table 1.—Half Lives, Plasma Concentrations and Clearance Rates of Four
Plasma Free Fatty Acids in Growing Turkeys.

Fatty Acid

Palmitate

Stearate

Oleate

Linoleate

Mean

IDSfP<0.05

N

1*

U

1*

I*

t^ (min)

0.73+O.lb*

1.00+0.12

0.5U+0.05

o.7i*+o,ik

0.7U+0.03

0.3U

uM FFA
ml Plasma

0.28+0.0?

0.1*2+0.01*

0.37+0.06

0.1*3+0.01*

0.37+0.02

0.08

Clearance Rate
(uM FFA/ml per

Min)

0.21*+0.02

0.27+0.01*

0.1*3+0.10

0.1*2+0.08

o.3U+o.o5
0.16

Body Wb.
(kg.)

10.2*0.5

11.2+0.5

ll.U+0.6

11,3+0.6

11.0+0.6

Body weights are also included.
•̂ Standard deviation.

fTukey's w-procedure (Steel & Torrie, I960).
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RESULTS OF ELECTRIC BROODING STUDIES IN
CHICKENS AND TURKEYS

James Marquand
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and Gerald Crowthers

Agricultural Representative, Ohio Power Company

With the trend today toward building controlled environmental housing, more
poultrymen are becoming interested in new and better ways of raising poultry. It
is often said that proper temperature, humidity, fresh air (i.e., air free from
ammonia, dust, high levels of COa, etc*) will help to increase livability. However,
few controlled studies have been performed which define exactly the proper environ-
mental conditions required. In fact, present day brooding methods have evolved
from the use of various types of brooding equipment on a trial and error basis,
with little controlled work to adequately test various brooding systems and types
of brooding equipment.

To be attractive to large-scale poultry operations, a brooding system must be:

1. Able to provide adequate chick comfort for efficient growth and
low mortality.

2. Low in owning and operating cost,

3. Simple to operate and control with reasonable safety.

4. Easy to keep clean and must not promote the generation and spread
of disease organisms.

5. Removable during bird catching and litter cleanout.

Following are the results of studies conducted by the authors in 1967-70:

Study I: Warren Miller farm, Holmes County, raises broilers.

Mr. Miller raises 200,000 broilers a year in a well-insulated, windowless, two-
floor building 40 x 400, with 14 fans per floor. Mr. Miller broods 20,000 broilers
per floor, using one Lincoln brooder for every 1,000 birds.

The Lincoln brooder is made in Canada and has a small electric fan which circu-
lates air past finned liquid-filled tubes. The liquid is heated by electrical im-
mersion-type resistance elements and the heat is transferred to the air via the fins.
Operation is fully thermostat controlled. The brooder is rated at 3,000 watts.

Based on the data of five broods (40,000 birds each) started on Jan. 3, March 24,
June 3, August 5, and Nov. 13, the average kilowatt hour used per bird was 1.1. The
amount of electricity used for various purposes is given in Table 1.

Degree Days and What They Mean: f'Degree days" is a heating expression used to in-
dicate how cold an area becomes and how long it stays cold. Heating specialists use
the figure as a guide to help calculate seasonal heating costs and to specify insu-
lation requirements.
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Table 1* — Estimated KWH Consumption Per Bird for Various Electrical Usages
in 1967 - Broilers.

Electrical
Usage

KW
Connected

% of
Total

Total KWH
Used

KWH Used
Per Bird

Lights 10,80k .0$

Ventilation
Feeders
Water

Brooding

Totals:

32 20

120 1$

159 100

U3,2lU

162,053

216,071

.25

.80

1.10

The degree days for one 24-hour period are calculated by averaging the high and
low temperature of the day and subtracting this average from 65 since 65° is consid-
ered the average temperature when you are not likely to need heat. For example, if
the high for a given day is 48° C. and the low is 20°, the average is 34°. Subtract-
ing 34 from 65 gives you 31 degree days for the specific day. To obtain total degree
days for the entire heating season, merely calculate each day and add the total.

The average number of degree days varies with geographic area* For example;
Birmingham, Alabama has 2,780 degree days; Hartford, Conn., 6,136; Chicago, 6,310;
Detroit, 6,404; Minneapolis, 7,853; Portland, Ore., 4,632; Dallas, 2,272; and Green
Bay, Wis . , 8,259. The average degree days for a given area can be obtained from
the local weather bureau or from engineering handbooks. The degree days for the
different broods in this experiment are presented in Figure 1.

The results of the Miller study show that the feed conversion ratio for a
1-year period (2000,067 birds placed) averaged 2.17 Ib . (Table 2). This is above
average when compared with other types of fuel used for brooding, and is readily
acceptable among poultry raisers and feed dealers,

Apparently the average mean annual temperature has very little effect on elec-
tric brooding. However, there is a slight trend between the average mean tempera-
ture and KWH utilization for this 3-year period (Table 3} .

From 1967 to 1969, as the annual daily mean wind (miles) decreased, the annual
KWH consumption decreased proportionately. From this it can be concluded that some
consideration should be given to the location (in relationship with the prevailing
winds) of a building to be constructed for brooding when electric heat is to be the
source of energy. Some type of windbreak er could also be considered.

Study II: Harry A. Weaver, Holmes County, raises broilers.

Mr. Weaver raises 5,000 broilers at a time in a building 110 x 36 with a 9-foot
ceiling. The walls and ceiling are insulated with 2-inch batts. There are 27 small
windows which have been caulked and four ventilation fans. The floor is concrete
and is not insulated.
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Table 3-—Daily Mean Wind (Miles) and KWH Consumption.

Year

1967

1968

1969

KWH
Used

216,071

211;, 560

206,280

KWH
Per Bird

1.08

1.07

1.03

Mean Air Temp F°
Annual

U8.2

U8.0

U7-8

Daily Mean Wind
Annual Miles

100

9k

76

Mr. Weaver uses a warm air brooder made in Ohio called the Chick-Mate. The
brooder has a small electric fan which Circulates air past three finned air heating
elements. The brooder is rated at 220 voltage, 3,000 watts. The results are pre-
sented in Table 4.

Study III: House 8, Ohio Agricultural Research and Development Center.

House 8 has been insulated by using 1-inch styrofoam on the wall and ceiling.

New variable speed fans were also installed. The air inlets were connected to
ducts which distribute incoming air uniformly along the length of the house. The

Table U»—Harry Weaver - Broilers - Chick Mate Brooder - KWH Used for
Brooding Only.

Brood

1

2

3

k

5

10/l6/68-ll/2li/68
(39 days)*

V 3/69- 2/ 5/69
(33 days)*

3/20/69- k/ 5/69
(16 days)*

5/ 6/69- 6/27/69
(20 days)*

10/ 2/69-10/27/69
(2k days)*

Total

No. Birds

5000

Ii5oo

5000

5000

5000

2U5oo

KWH Used

Ii087

59UO

2865

1809

3022

17723

KWH Per Bird

.817

1.320

.573

.361

.60li

.735

Dumber of days or parts of days that brooders "were used. Birds are grown to
8-9 weeks of age.



Table 5 —House 8 - Q.A.P.D.C.

7 Wk Heat KWH Total Av Wt Feed %
No. Brooding Total per Total per Total ¥t of 7 per Ib Mort

Type Brood Poults Period Heat Poult Vent Light KWH Poult Feed Birds Weeks Gain 7 Wk

Infra- 1 1065 6' 5/69- 2132 KWH 2.00 KWH 55U k39 3125 2 93 8263 U953 li-57 1.669 6.6
red-Elec 7/25/69

L.P. Gas 1 1065 6/ 5/69- 9U gals .088 gals 608 1017 1625 1-53 8523 1*929 U-75 1-729 8.9
7/25/69

Intra- 2 1020 12/10/69- Ii997 KWH 1*.89 KWH 189 601 5787 5-67 6975 kQ9k U-36 1.731* 6.2
red-Elec 1/29/70

L.P. Gas 2 1020 12/10/69- 1U2 gals .139 gals 213 69ii 907 .88 7207 U021 U-li9 1-760 9-2
1/29/70

house has been rewired and it is possible to measure separately the amount of elec-
tricity used for brooding, lighting, and ventilation.

During 1969, two broods of turkeys were raised to 7 weeks of age. On the east
side, three SCR-controlled infra-red brooders, purchased from Wilhauer Machine Com-
pany, Inc. at Quakertown, Pa., were used.

The 6-foot long brooder contains a metal element rod under a polished aluminum
reflector and rated at 2000 watts. The SCR control varies the voltage to the brood-
ers between 0 and 240 volts, depending on the heat requirement of the poult.

On the west side, three Big Dutchman Pancake L.P. gas brooders were used. The
brooders were 46̂ -inch diameter aluminum canopy and rated at 24,000 BTU. Recommen-
dations of the manufacturers were followpd. The growth performances of two broods
in this comparison are given in Table 5. The growth rate of turkeys brooded with
L.P. gas was greater than that of those brooded with infra-red electricity. However,
feed conversion was greater with the infra-red electric brooding. There was no sig-
nificant difference in percent mortality between the two treatments.

Study IV: Freeman Hostetler, Tuscarawas County, raises broilers and turkeys.

Mr. Hostetler has two fully insulated buildings, each 40 x 300. The houses have
been metered to record the amount of electricity used for brooding only. He is using
the Chick-Mate brooder.

He raises 16,000 broilers at one time, using one brooder for up to 1,000. In
raising turkeys, he places about 700 poults per brooder. The first brood of turkeys
was placed under the brooder in March 1970. Further information will be made avail-
able at a later date.
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