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JOHN D. KIRBY? and DAVID P. FROMAN*

Department of Animal Sciences, Oregon State University, Corvallis, Oregon 97331

(Received for publication February 19, 1991)

ABSTRACT The purpose of the present study was to determine the effect of egg collection interval on
interpretation of fertility trial results. Low-fertility (LF) and randombred (RB) Delaware hens were
inseminated with spermatozoa from LF or RB Delaware roosters. Three replicate trials were performed for
cach cross. Eggs were collected for 21 days following insemination. Fertility was analyzed with a log odds
model following logit transformation. Separate analyses were performed on data collected throughout the first
7 days and the entire egg collection interval. Duration of fertility over the 21-day interval was analyzed by
iterative least squares. Whereas the 21-day egg collection interval afforded detection of differences between
males and between females, no differences were observed following analysis of data from the
7-day interval. Differences in reproductive efficiency also were detected when data were analyzed by iterative
least squares. Thus, the value of a fertility trial is, in part, determined by the length of the egg collection

interval.
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INTRODUCTION

The ultimate test of reproductive efficiency
is the fertility trial. However, commonly used
experimental schemes and statistical methods
may limit the utility of a fertility trial. For
example, when artificial insemination is used,
chickens and turkeys are routinely inseminated
weekly and biweekly, respectively (Sexton,
1983). Although these insemination frequen-
cies may yield optimal fertility, they also
preclude estimation of useful parameters
(Kirby and Froman, 1990).

Fertility trials have been instrumental in
characterizing heritable male subfertility in the
Delaware breed (Froman and Bemier, 1987;
Kirby et al., 1989, 1990; Froman and Engel,
unpublished data). Inferences made in these
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studies were dependent upon patterns of
fertility. This approach has also been useful in
the study of subfertility associated with homo-
zygosity for the rose comb allele (Kirby et al.,
1989; Froman et al., unpublished data) and
subfertility induced by alteration of the sper-
matozoon’s glycocalyx (Froman and Engel,
1989). Thus, duration of fertility is a parameter
highly suited for assessing spermatozoal func-
tion within the oviduct.

However, duration of fertility is a variable
of practical interest as well because any
reduction in artificial insemination frequency
without loss of fertility would reduce the cost
of producing hatching eggs. Although duration
of fertility may be predicted from data
obtained from egg collection intervals of 18 to
21 days (Kirby and Froman, 1990), such an
interval may seem impractical, especially if
overall fertility is the only variable of interest.
Therefore, the purpose of the present study
was to determine the effect of egg collection
interval on the interpretation of fertility trial
results. |

~ MATERIALS AND MEle)Ds

For the purpose of comparison, fertility data
were obtained from three replicate fertility
trials in which Delaware hens from random-
bred> (RB) and low-fertility (LF) lines were
inseminated with spermatozoa from either RB
or LF roosters. Males within the LF line were
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characterized by spermatozoal degeneration as
described previously (Froman and Bemier,
1987; Froman et al., 1990). Low-fertility
males were ejaculated daily for 4 days prior to
each fertility trial in order to maximize the
percentage of viable spermatozoa in ejaculates
(Froman and Bemnier, 1987).

In each trial, semen was collected from each
of five RB and five LF roosters by abdominal
massage (Burrows and Quinn, 1937). Ejacu-
lates were pooled according to male line.
Spermatozoal concentration and percentage of
viable spermatozoa were determined according
to Bilgili and Renden (1984). Pooled semen
was diluted to 2 x 10° viable spermatozoa per
milliliter with Beltsville Poultry Semen Exten-
der,5 pH 7.5. Both RB and LF hens (8 to 12
per line) were inseminated with extended
semen from each male line. Each hen was
inseminated with 1 x 108 viable spermatozoa
in a volume of 50 pL.

Eggs were collected throughout a
21-day interval, which commenced on the 2nd
day following insemination. Eggs were identi-
fied by hen and date, set at weekly intervals,
and broken open after 4 days of incubation.
Fertility was assessed by examining contents
for embryonic development. Percentages of
fertilized eggs were calculated per hen for the
first 7 days of egg collection as well as the
entire 21-day interval.

Percentages derived from the 21-day inter-
vals were transformed to logits according to
Kirby and Froman (1990). Each logit, L;, was
calculated as follows:

L; = logel(r — .5) + (@ — 1 - - P
where r; and n; denoted the number of
fertilized and total eggs, respectively, laid by a

given hen. Additionally, a weighting variable
was calculated as follows:

wi = (@ — ) + 0 — 1)
Transformed data were analyzed with a log
odds model,

px) =1+ [1 + e 1],

where 0 S p<1and 1(x) =+ & + Bj + % +

6A gift from Tom Sexton, USDA, Beltsville, MD
20705.

8 + €jj. The parameters o, Bj» Yk, and &
represented male, female, male by female
interaction, and replicate effects, respectively.
The p and & were the overall mean and random
error, respectively. Parameters were estimated
with the General Linear Models procedure
(SAS Institute, 1986).

Percentages derived from 7-day egg collec-
tion intervals were transformed to modified
logits, Lxj, as follows:

Ly = logel(ri — -5 — (@ — 5N

Likewise, modified weighting variables were
calculated,

wa = ()m; — @ — .5) + (i — 1.

Transformed data were analyzed with the log
odds model described above.

Duration of fertility was evaluated accord-
ing to Kirby and Froman (1990). In brief, data
from replicate 21-day egg collection intervals
were pooled and plotted as a function of time.
The parameters of

yx) = v+ [1 + eBC -2,

were estimated by iterative least squares
(Kirby and Froman, 1990). Extra sums of
squares F tests were made to determine
whether estimates of T, the time of half-
maximal fertility, were estimates of a common
parameter.

RESULTS

Analysis of data from the 7-day egg
collection interval showed no difference
(P>.05) in fertility between lines of males or
lines of females (Table 1). Neither a male by
female interaction nor a replicate effect was
observed (P>.05). Analysis of data from the
21-day egg collection interval revealed a
significant difference (P<.05) between LF and
RB males as well as between LF and RB
females. Neither a male by female interaction
nor a replicate effect was observed (P>.05)
when data from the 21-day egg collection
interval were analyzed. Errors were indepen-
dent and randomly distributed in both analy-
ses.

Estimates of T are shown in Table 2. When
hens were inseminated with semen from RB
males, the difference in T between hen lines
was 1.31 days (P<.001). Likewise, when hens
were inseminated with semen from LF males,
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TABLE 1. Summary of fem'liryj following insemination of low-fertility (LF)
or randombred (RB) Delaware hens with spermatozod from LF or RB roosters
Egg collection interval
7 days 21 days
Sire Dam Hens Bggs Fertility Eggs Fertility
(@) (n) (%) () (%)

LF LF 35 215 799 + 32 566 359 £ 2.0

RB 36 241 87.6 £ 29 615 444 +22
RB ) 8 3 30 200 879 % 33 499 477 £ 238

RB 30 182 90.1 £ 2.7 466 524 £ 24
L¥ Both 71 466 84.8 + 22 1,181 404 = 16°
RB Both 60 382 89.0 £ 2.1 965 500 £ 1.9*
Both LF 65 415 836223 1,065 415 £ 19°
Both RB 66 423 88.7 £ 2.0 1,081 480 £ 1L.7*

""Meansi:SEMwithinsireanddamgmupswithno

common Superscripts were different (P<.05).

Ipach percentage is a X £ SEM from three replicate trials.

the difference in T between hen lines was 2.2
days (P<.0001). In either case, duration of
fertility was greater for RB hens. Predicted
fertility curves are shown in Figures 1 and 2.

DISCUSSION

When eggs are collected over an adequate
interval following a single insemination, itera-
tive least squares provides information that is
easily interpreted. The parameters of interest
are Y and T. Parameter 7y, a percentage, is an
estimate of the initial level of fertility.
Parameter © is the time of half-maximal
fertility in days. The other parameter estimated
with this technique, i.e., B, has value only with
respect to its sign. A negative B denotes 2
function that falls whereas 2 positive  denotes
a function that rises. Thus, in the case of a
fertility curve, B should always be negative.

In contrast to previous studies, which have
shown that T is affected by male genotype
(Kirby et al., 1989; Froman et al., unpublished
data), insemination site (Kirby et al., 1989,
1990), and the state of the Spermatozoon’s
glycocalyx (Froman and Engel, 1989), the

nt work demonstrates that t© also is
affected by type of female (Table 2). It seems
likely that this effect is related to spermatozoal
sequestration within the hen’s uterovaginal
glands.

The difference in duration of fertility shown
in Figures 1 and 2 cannot be attributed to
different insemination doses. Furthermore, it is

unlikely that the RB hen’s oviduct decreases
the extent to which spermatozoa from LF
males degenerate within the oviduct (Kirby et
al., 1989). Estimates of T following intravagi-
nal insemination of Leghom hens with sperma-
tozoa from LF males (Kirby et al., 1989, 1990;
Kirby and Froman, 1990; Froman and Engel,
unpublished data) have averaged 9.45 days

insemination of randombred . Delaware (A) and low-
fuﬁlityDelawarehms(A)wimeandedsanenfmm
randombred Delaware toostexs.fﬁachbenwas' i

with 1 x 108 viable spermatozoa. Solid lines r%esentthe

for low-

functions y(x) = 91.7 + [1 + e—h698(9.33 =
- %] for

fertility hens and y(x) = 86.8 + [1 + —621010.

randombred hens.
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TABLE 2. Estimates of o, time of half-maximal fertility, and related statistics following

a single insemination of

randombred (RB) and low-fertility (LF) Delaware hens

Semen source  Hens T SSE? CSSE? F Probability > F
RB RB 10.64 11,4324 12,390.8 10.31 001

RB LF 9.33

LF RB 9.03 10,3227 11,909.1 18.44 .0001

LF LF 6.83

Ipstimated by iterative least squares

Up XL = 1.
4The F value was calculated as follows: fr(np) =
between CSSE and SSE.

with a coefficient of variation of 6.3% (n=4).
Therefore, the T of 9.03 days for LF males
bred to RB hens (Table 2) is indicative of
subfertility, even though the estimate is greater
(P<.0001) than that observed when LF males
were bred to LF hens (Table 2). In view of the
work of Van Krey et al. (1971), it is postulated
that the difference in duration of fertility
depicted in Figures ‘1 and 2 is attributable
either to a diminution of the number of
uterovaginal glands in LF hens or the extent to
which these glands are filled with spermato-
zoa.

Data sets used to assess duration of fertility
by iterative least squares are also suitable for
the analysis of overall fertility with a log odds
model, which compensates for lack of additiv-
ity (Kirby and Froman, 1990). In contrast, ifa
routine artificial insemination frequency is
followed, overall fertility can be evaluated but
1 cannot be estimated. Short-term €gg collec-
tion intervals always yield greater percentages
of fertilized eggs than long-term intervals
(Table 1), and thus may seem to be preferable
as a means of estimating reproductive poten-
tial. However, the present work demonstrates
that this is not the case. Differences between
males and differences between females were
detected when data from 21-day egg collection
intervals were analyzed. In contrast, no such
differences were detected when data were
restricted to eggs collected throughout the 1st
wk following insemination, even though
roosters in one line previously had been shown

ﬁomdamobtainedﬁ'omam-day

egg collection interval.
where n denotes the number of
7, and B.

degrees of freedom,
observational model, viz. ¥,

-p+0D) degrees of freedom, where r denotes the number of
independent parametric statements implied by the condition. In each case above,

the hypothetical condition was TRg =

[SSI-iE] + [SSE + (n — p)], where SSH denotes the difference

to be subfertile (Froman and Bemnier, 1987;
Kirby et al., 1989, 1990).

This discrepancy cannot be attributed to
different formulations for logits and weighting
variables; for the calculation of these values
must be varied empirically according to the
distribution of data or errors (Anscombe, 1956;
Govindarajulu, 1988). For example, when

FERTILITY (%)

with 1 x 108
functions y(x) = 105.0 + [1 + e
fertility bens and y(x) = 96.3 + [1 +
randombred hens.

olid lines
8(6.83 — X)) for
o—6150.03 = X)) for

low-
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percentages derived from 7-day egg collection
intervals were transformed and weighting
variables determined according to Kirby and
Froman (1990), 67 hens had to be excluded
from the data set. Each of these hens had laid
an egg daily throughout the 7-day interval.
When n; = 1;, Lj and w; became negative and
zero, respectively, which precluded analysis.
An additional complication arose in that the
remaining data set was characterized by a
skewed distribution of errors. In contrast, the
modified transformation and weighting af-
forded the inclusion of all hens along with
independent and randomly distributed errors.

As a corollary to the analysis of data from
the 7-day egg collection interval, this same
data set was arc sine transformed. As expected,
residual errors were characterized by a heter-
oscedastic distribution as described for fertility
data by Chaudhary et al. (1984). In summary,
if it had not been known a priori that one male
line was subfertile and had data collection
been limited to a 7-day interval, the reproduc-
tive status of the LF males would have
appeared to be equivalent to that of RB males.
Also, the difference between females would
have been missed.

Therefore, the present work demonstrates
that the interpretation of fertility data may be
complicated by use of an inadequate sampling
interval. A complete and robust analysis is
afforded by 1) an adequate sampling interval;
2) data analysis by iterative least squares; and
3) data analysis with the log odds model.
These methods may be used to assess how
fertility is affected by either the male or
female. Finally, time of half-maximal fertility
provides an additional selection criterion for
improving duration of fertility.
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Consumption of €ggs and egg products has
been affected by concem about dietary choles-
terol. Many consumers are no longer including

eggs in their diet because so much emphasis  .iqnal yolk ins and lipids is an altema-
by health groups has been placed on the high  tive to develgg):cm of 1ogv-cholestcrol egg
cholesterol content of eggs- Many low-choles-
terol egg substitutes have been produced. Several researchers have extracted the cho-
These products cal. 0 white, milk s0lids, jegterol from egg yolk with organic solvents
vegetable oil, §md hqle or no egg yolk. If (Melnick, 1971; Larsen and Froning, 1981;
processors continue this trend towards makin$ - Tokarska and Clandinin, 1985; Warten et al.
PS% products containing only cgg While, 2  1985). Tokarska anc Clandinin (1985) ex-
surplus of g8 yolk Sy ms:ult. Consumption  racied the lipid and cholesterol from egg yolk
of such products will not Increase the con-  ¢or use in liquid formulas. A yield of 93% of
, the total egg yolk lipid was accomplished by
| using egg yolk:ethanol:hexane:watcr in a 1:2:
IThe use of trade names in this publication docs not 1:1 (wt/voljvol/vol) ratio and centrifuging. .

; imply endorsement by the Norih Carolina Agricultural  Aftter refining, the final product contained 7

Service nor criticism of similar ones not mentioned. mg cholesterol/g of oil. Tokarska and Clandi-
°°"P°"m°ms’°1’°“°dw°’““w°“°dby“°§“’.“h nin (1985) did not discuss the residual yolk
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ABSTRACT Cholesterol was extracted from commercially spray-dried ¢gg yolk using hexane at atmos-
pheric pressure or supercritical carbon dioxide (SCCOp) (45 C, 238 atm; 45 C, 306 atm; 55 C, 374 atm). The
effects of the different extraction methods on the lipid composition of the cholesterol-reduced yolks were
evaluated. Polar lipids were separated into seven fractions using HPLC. Fractions 4, phosphatidyleﬂmnol-
amine (PE), and 5, phosphatidylcholine plus lysophosphaﬁdyleﬂmnolamim (PC+LPE), accounted for almost
85% of the phospholipid (PL). As SCCO2 temperature and pressure increased, total lipid remaining decreased
from 64.9 to 35.1%, but the PL content (15%)remainedunaﬁfected.'rhcproporﬁons of PE (12%) and PC+LPE
(72%) of the PL fraction were constant. There was little effect on the fatty acid composition of the
phospholipid fractions due to the SCCO2 treatments. However, the unsaturated fatty acids in the neutral lipids
(NL) appeared to be effected by SCCO; treatments. Hexane extracted a larger amount of total lipid (66%) and
the NL fraction was decreased more than the PL fraction. Supercritical carbon dioxide was more efficient in
removing cholesterol without major effects on the PL.

(Key words: cholesterol, egg yolk, lipids, supercritical carbon dioxide, extraction methods)
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INTRODUCTION sumption of whole eggs. Development of
products containing egg yolk and white would
be a more favorable way to increase the
consumption of €ggs- Extraction of cholesterol
from egg yolks and the subsequent use of the

products.

rotein pon.iOn, however.

1991

e Melnick (1971) extracted the lipid and
470 whom all correspondence should be addressed.  cholesterol from €gg yolk solids by shurrying
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